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(2) The militant aggressi\-e Russian type of communism 
which is now causing so jmich t rouble in the wor^^ an 
outgrowth of these unsolved problems. 

(3) Our military might has, doubtlessly to a very con- 
siderable degree stopped thcv flood of communist aggres- 
sion, but it has not and cannot solve the problems vvhich 
caused the wars. 

(4) Our cooperative ci\iiian activities are our most effec- 
tive means of soh'ing these deep-seated problems and pre- 
venting World War" 10. 

(3) 1 do not know of a single communist among those 
with whom I associated, but considering the number in 
some of the countries in which I worked, I suspect that 
some with whom r was at one time or another associated 
may have been communists. It appears evident that many 
have become communists not because their intentions were 
evil, but, rather because their desires were good. In their 
despair fliey turn to communism in hope of finding help 
for the evils they see and feel. This is a new idea to many 
Americans, and at once raises the question as to w'hat is 
the best means of changing their point of view. Is it to 
beat them down and keep them down, or, is it to demon- 
strate to them that there is a better way to attain their 
ideals } E\'en though some beating down may become neces- 
sary in emergencies broughl: on by communist aggression, 
it will probably be the demonstration of the superiority 
of democracy rather than the beating that will bring about 
a change in the loyalties of many wlio ha\e been follow- 
ing communist leaders. 

We may subdue a dog by beating, but something more 
is necessary before wc can make him our friend. Many 
people the world o\er, it appears, have run wild with com- 
munism. It is necessary to stop them but not to unnecessarily 
abuse them. 

(6) We seem to have made some progress in stopping 
communist aggression, but there is in the minds of many in 
Europe a serious question as to whether we have done so 
well in demonstrating the superiority’ of democraq^ 

(7) Many people in Europe feel that communism cannot 
be destroyed by defeat in battle, but only that communistic 
aggression can be militarily restrained while the demonstra- 
tion of the superiority of true democracy is in progress. Such 
demonstration, they think, and that only, will result in the 
decline and death of communism. 

(8) The countries wuth the strongest and most active 
cooperatives are the countries with the highest average 
standards of living and in which conrmiinism lias made 
the least progress. 

(9) Communism is most prevalent in those countries 
where there exists the greatest difference between the wealthy 
and the poor, where class discrimination is most pronoimcal, 
and where those with the ability to climb have been denied 
the opportunity to climb. 

(10) The European people with whom I worked in all 
the countries in w^hich I worked sincerely appreciated our 
cooperation and aid. However, they resented being told 
that they should. They feel that the common good is more 
important than who gets the credit. They are inclined to 
doubt the sincerity of people who are overly zealous about 
full credit. They feel that they, not we, are on the front line 
and that they must suffer most in the event of another war. 

We shall now return to the matters more specifically agri- 
cultural and observe in detail some of the things from which 
' we inight take lessons in that area. 


Greece 

; We shall begin with Greeic, ior ihi-re wt hau h.ui 
ing operations in progress for iruii) iM u.in, III. 

■ relative decline oi Greece from the eta mi Ih. r glorv nia\ 
be . ascribed to many wars and \arious nihet i.iu.Hs. but 

. certainly, one of the niaji^r iacu«’s is in tlr. i.ks! rik iiori of 
agricultural land. In Greece, we lia\t an iilustration ol fhe 
result of population oingiawing agricultural kn^wLdut and 

■ the development of sound soil c4«iser\atioii and produGior* 
practices. At this date, one wonders wl'iat sltouki i\. J-.aie. 
Some have, said that obviously goats ha\i !xcn a hig Lutor 
in the destmetkm of the soil ami tin. ret mw goals .slhHilil 
be d.isposed of. This ovetloetks the fact Hiai on siiJa Lmd. 
only the goat can iixe and tally by ihe giUt, tan flu peepie 
live. TJ.iCTe is no place else for tiie pei.)}.i.I.i: lo gt.). 

The shepherds li\e with tlieir llovk^ and m \uiKir 
dwell in \cty humble homes, ask lirtk and i.io jlforv! lu 
.be independent. Change is necessarily slow. Main things an 
■as they are because* tor as long as nun knons. !lu\‘ Isavi 
been, that way. A change' which do.'\ ma pro\i Oj !x' tor 
.the better, is likely to he faial. Gin must flu la ton, K 
very e'a lit ions in tlie changes euie adonaUN. 

Erosion has left almost no soil on the roi.k\' slopes iii 
many parts of Greece. In otlicr areas whe-re wheat inhv 
grew, gullies ha\n destroyed I he kind. The proper 
measure would appear hi be lo get more of' the luHi in grass, 
protect from o\cr«grazing and riiire rougli iiplatuls fi) forests. 
.But this again leases us with the qiicslion .is to i\bal to tio 
with, the people in the meanwhile. 

In the List analysis, it Ivuiines oh\ioiis tlial by some 
means the produe1i\'e pnver of the land must lx intreased, 
There must be much greater pnidiiction per aire. faille fer- 
■■ tflizer has ever been 'used, especially on pasture aOi! hay 
..crops. Neither can it be used under present social and eco- 
no.niic conditions. There are considerable areas of k\d per- 
ma-nent pasture land in the linv Linds whiih could he irri* 

. gated, and seeded to alfalfa. Other areas uin K draiiud 
and put into grain and hay ca^ps. The prOikiaion of cxkfi- 
sive areas of permanent pasliirc uin he doiihled or i|iiadriiplei! 
'by phosphate treatment and grazing i'ontro!. Tins oi!!s h»r 
-changes in Und use ami in tlx* mdiuHis of' haiiilling !i\t- 
stock a.nd lor a new” economit sIruGure. It talk for \u')' 
careiiii ..research to determine or dewlop suiiahk* irop \jro 
eties and protludion methods, li tails for grazing tonfroi 
experiments. Irinally, and probably, most iif all, ii'oilk I'm 
an intensive agricultural extmsion program. To all of these, 
our Foreign Operations Administration has given emoufage- 
cment. ■. 

Land use and soil conservation practices in the higli lands 
of Northern Greece include planting of trees, and the ileuk 
opment of grasses and legumes. The most abumlant of the 
latter were meadow^ and tall fescue; but also found, w'ere 
timothy, bromegrass, orchard grass, Keiitutk\“ hlulgrasx 
white and red clover and other trifoliums. Greece has niore 
than 70 species of clover. 

We are giving^ encouragement to their fine work now in 
progress in alfalfa. The unfortunate tact is that too manv 
centuries passed before the need for such reseanh and edii- 
cational work was recognized, and in many instaixis the 
damage is now beyond repair, 

I should like to direct your attention lo the American 
Farm School of Salonika which is doing some of the finest 
work I have ever seen in the training of Greek lx)ys for 
agricultural leaders. If any in my aiidieiice would like to 
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nuke financial conrribiitioii to a very worthy cause, ,1 rec- 
ommend to you the American Fami School of Salonika. 
The}' carried a nuinbcr of demonstrations in cooperation 
witli the Greek government in whidi we were interested.' 

Italy 

In, Italy, one meets a wide ra,nge of conditions. In some 
areas in Southe,m Italy and Sicily,, the .rough, steep eroded 
land and the dense populat,ion present a ■ rather hopeless 
situation. However, in other areas, as in the Po Valley, .we 
rind some of the best farming and highest pnxluction per 
acre in the w'orld. This \ alley presents many good illustra- 
rions of intensi\'e land use and excellent soil conservation. 

The Jemma Brotiiers north of Naples have reclaimed a 
swamp area and are doing intensive grassland fa.rming .in 
vliich their grass production is utilized by water buffalo 
for cheese making. Many sudi projects are now in opera- 
tion. The Italian experiment stations are doing excellent 
work with little money and little he][\ Much work is being 
dime in iorage crop breeding with various legumes and 
grasses, Tiiere is a new leafy variety of orchardgrass. We 
should haw si)me of this in the Uthted States. 

, One p,robleo.i in .most of Europe, not recognized generally 
in, America, is the necessit}' of prociding employment. The 
land owner in many sections must hire or support people in. 
proportion to his acreage, He may use modern methods and 
let half the workers watch the other iialf, or, he may .use 
old methods and let all work. For example, in seeding wheat, 
f!\'e persons are often engageii where one would do 'the 
job i„n the United States; but there is probably nothing else 
for them to do. As a result of limited work and surplus ti.me, 
art i.n some sections is highly developed, as illustrated by the 
paiiiti,ng, on houses in, the Alpine villages of Northern Italy. 

lliere too we find good, and intensic'e farming. Water p.ipe 
.lines .for irrigation have their intake in, streams high up. The 
natural pressure is adequate to give good distribution from 
nozzles to field further down. Irrigation of .meadows is a 
common pract,ice in. the Alps,. ■ 

Hay and pasture are the most \'alued crops. They provide 
nearly all the livestcx:k feed, and in the more densely popu-- 
iated areas, all forage is har\'estcd by hand and carried' to 
die barn for feeding. This generally gives the highest pro- 
duction of animal products per acre. Many in America are. 
iiebafing wliether ro haiwest and barn- feed or to graze. It 
would seem that where land is the limiting factor, harvest 
ing and barn feeding might be justified; but where labor 
is a limiting factor, grazing would be preferable. 

In the farming of the Po Valley, we find a combination 
of hard work, good cultural practices, liberal fertilization, 
irrigation, and conservation and use of all organic waste, 
including city sewage. Ail leaves, weeds, straw and the 
like, are built into compost piles. Under this intensive farm- 
ing system, grass is still found to be one of the most profit- 
able crops. 

Meadows may have as many as nine hay crops removed 
in a single year. Grass and Ladino clover is cut when it is 
4 or 5 weeks old and has a very high protein content. Con- 
sequently protein supplements are not fed in the barn. Wet 
hay is being produced and used successfully at one Italian 
experiment station farm. The moisture is 35 to 40 percent. 
In the home area of Ladino clover, a system of irrigation, 
fertilization, and clipping produces Ladino at its best. In 
fact, Ladino clover seems to have been a natural develop- 
ment resulting from the system of meadow management. 


Austria and German}' 

■■" In a . pasture inipro\'enictit demonstration high in the Alps 
of ■ .Austria, excel ienr grass extends up the slope so far ais 
fertilizer is. used. Be)'ond that, weeds and brush have taken 
over. There are many demonstrations of this type in Europe 
and America but farmers generally are too prone to siibsti-' 
tute piowi'Og or reno\'ation for good fertilization and good 
management. Plowing or other soil working and reseeding 
without adequate fertilization is a process of further soil 
depletion. 

Hay and. pasture are the main cow feeds in Europe. The 
importance of good hay is more appreciated there than in 
the United' States and much '^■ork is devoted to hay-making. 

Near Gxins ' i.n; the Austrian Alps, the high production 
level of 'the land is a feature of interest, for this land has 
been farmed .for centuries whh animal manure as the only 
fertilizer. Grass is the main crop. On one Austrian farm 
in the Alps, 10 cows on 10 acres produced 80,000 pounds 
of m..i.ik per' year with 1,700 pounds of concentrates as the 
only purchased feed. AH land was in pasture and hay. All 
income came from the farm. 

Ill Germany, as in Austria, liquid manure is an impor- 
tant item of productivity. Basic slag is the most commonly 
used form of phosphate on pasture land in Germany. It is 
gene.rally applied by hand in early Spring as the .snow leaves 
the fiekls.- 

'■ .France, Luxembourg, and Belgium 

In a typical grassland community of Eastern France about 
85% of. the land is in gniss, of whidi probably 80%? is 
permanent sod. Young grass hay provides the protein, for 
winter feeding. Much hay is carried to the barn on a special 
rack, strapped on a man's back. Happi,ne.ss there is iK>t a 
matter of wealth,, but, rather, in being a fitting part of the 
community. 

In. pasture exper.iments .witli irrigation and fertilization at 
NanqL France, the cost' of . irr.i..gation was half of the gross 
returns for the extra milk produced.. 

In Luxembourg, the farmers live well but are not rich. 
There is no communist problem here. Wages are higher 
than in France, The neat manure pile is a common sight here 
'■and great €a.re is used in tlie preservation of manure. The 
trench silo is also the common one in Europe. Tlie blower 
is the common means of putting hay in the barn in Luxem- 
bourg, Meadows generally are chiefly grass meadows, but 
some aifaifa and clover are grown. 

.. A Luxembourg farm garden is a profusion of flowers and 
beauty. Possibly we should have more of this in our modern 
farm gardens. From the farmer of Luxembourg, I think, 
we might learn that the pleasures of farming are not all 
in the income. 

In Belgium, it is common to see four pasture paddocks 
with a common watering trough. The Belgian farmer thinks 
that excellent pastures are the most profitable use for this 
land, even though it is level and excellent grain land. In a 
pasture of ryegrass, bluegrass, meadow fescue, and white 
clover pasture, we noted an excellent growth even in August. 
Nitrogen is intensively used on meadows and pastures on 
the most productive and profitable farms of Europe. 

The British Isles 

In England we saw a 7-year-oId alfalfa field on tlie Cave 
Brothers’ farm near London. These brothers use 1,000 pounds 
of muriate of potash per acre when ,s«:*ding alfalfa, and 
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lighter annuiii appliciitions l.iter. Phosph;it;c is also used. 
The Cave Brothers may use too much potash, but it raise.s .i 
question as to whether the average American farmer uses 
enough on alfalfa. 


It was interesting to observe the work of ground moles 
on a farm near Hereford, England. How much soil below 
the surface is placed^ on top each year by insects, ants, earth 
worms, rodents, etc . } This amount is probably far in excess 
oI that generally thought of. It may be a' big factor in 
accounting for the excellent rc.sponse frequentlv obtained 
from surface applications of fertilizer on j^ermanent grass- 
land and long leys. 


Froni the Set^s, we can learn much in care, patience, and 
determination. These traits are evident even in the neatly 
constructed oat stacks on Scottish iarms. Rationed rotational 

Pasture experi- 
ments at the West of Scotland College of Agriculture include 


comuries, .md are among the most productive in the world 
Hov\u\er, others are badly .lepleted and are fa.idlv m nccc 
ol iertilizaiion and reseeding, i was patihul.irit mipressu 
by one ot tlie most beautihil pastures 1 liax e ewt r scan r 
the^soutlnvestcrn part e.f the island. It li,«i hv-n liberalJv 
tertilized, and rcestabiislieii with rycgr.iss. r,k.id.,nv ftsaie. 
anti white clover. It carried 2 animals ixr at rs for iie.irl\i 
10 inontlis per year. J'he .shock c.irne, however, when iht: 
iaiiner .showed us another "vveetiy" pasture whith was nro- 
ducing a.s much or pos.sibly a little more. The.,e two atlieiin- 
ing pastures hati like treatment and manaacment. 'I'he iarmer 
haei .seeded the ■'weedy" mi.xturc. His question and mme 
I.S this, elo our livestock need more vane-tv in .nir n-'u'-- 


Netherlands 


In die Neilierlinds 




Hybrid Corn Development in Europe and Mediterranean Countries' 


R. W. fugenheimer- 


H ybrid com, a product of North Ameriain agricultuirej 
has eniigrated to all. parts of the world. Directed against 
hunger and poverty, hybrid corn has started a peacefuij con- 
structive revolution in Euroj^se and Mediterranean countries. 

International Agencies Cooperate 

Tl'ie present. narionai h\'brid corn prograois in Europe and' 
the Mediterranea.n countries are supplemented in various ways 
through the acti\dties of tlie Food and .Agriculture Organi- 
sation of the U.nited Nations (FAO), Foreign Operations 
Administration of the United Slates (FOA), and the Organi- 
zation for .European Hcojioju ic Cooperarir)n (OEEC). Time 
does- not: permit giving the names cvf .many persons who 
ccuitribuicd trorhis prigrani. Sojne references tv) the program 
are listed at the end ol this report. 

I'OA and OEiiC luiu.* pro\ided teclinical assistance in the 
breeding and production of corn. They have sponsored the 
importatiem of steLl fos- vV'nrirnert ial jdantings, and of seed 
for European prtHluclion o( hybrid sead. These <n*ganizaiiotis 
have also sponsored iwo surveys ol I lie u'urk on I tybrid corn. 
The aims and olsjediws 4)f have lx;en presmtcvi on 

this program by Mr, j. W alker. 

The primary funclFm of l’AC> is to pounote iniernatiunal 
Ct)operation in the fields t>f food and agricuUurc. I’AO lias 
a membership of 71 narieais. Appropriate!)', its moilo is 
”Fiar panis” which means, "Let there be bread". 

Headc|iurrers 4>f FAQ are in die center of historic old 
Rome. The staff totals over IdHM) employees ar headquarters 
and 3*^0 experts throughuui the \\i)rkl. (iost of the entire 
FAQ program to tlie United States is about t^ne cent per 
IX'r.Siin per year. Technical divisions of work include agri- 
ailture, economics, fisheries, forestry, an*.! nutritk.ni. 

FAO guides and stimulates cooperaliiai iif a)rn workers 
;n European and Mediterranean countries. The prograiii 
ifnolves testing Attierium hybritls, ami ciinducting scieiitific 
research tOiie\elop inbri'd lines and hvhriiis c.speiial]\ adapted 
to widely iiiffering Ciindilirins. 

1“he hybrid.s in lest represented a tnaturiiy range I nun 
^0 days to Fs5 da)'s, LiHaiiotis 4if the nearly 2tk) rests rangeil 
from Apelsvoll, Norway, at a latitude of 60*^ ad' Nortli, to 
Sids, Figypg at 28^^ * 1 }' Ntuih, and from WYstern Portugal 
to Eastern Turkey. 

On the basis of data from the \arious experiment sialiems, 
reports were prepared of regional performance tests, plant 
density experiments, cultural trials, and fertilizer studies 
conducted in 19M, and 1952. Printed copies tif these 

reports, .summarizing the work in the varit)us countries, are 
available from I'AC3, at Rome, Italy. 

Technical papers are presented by many of the \\‘orkers 
at annual meetings. Regional committees each year evaluate 
airrent cooperatixe research, and plan a more complete pro- 
gram for the next season. "Minimum Seed Certiiicatiim 

^ Invitatitmal paper presented before the ^^eneral meeting, Ameri- 
can Society of A^Jtronomy. St, Paul, Minn., Nov. 8, 195U 

"Professcu* of Plant Genetics, and Corn Research Coordinator 
in the Agronomy Department, University of Hlinois. "Die author 
has served as advisor io the Turkisli Minister of Agdciilture and 
as omsultant on hybrid oirn for the Food and Agriculture Organi- 
zation of the United Nations, Rome, Italy. 


Standards .U>r .Maize’" have been developed. These -stand- ' 
ards should safeguard the interests of farmers and facilitate -, 
international trade of hybrid seed. 

Benefits of Hybrids. ■■ 

Yugosl.a\-ia, .Italy, .Egypt, and Turkey grow large acreages , 
of corn. Nearly' IS million aa:cs of corn are grown in' 17 . - ;-- 

countries' in. Europe and. the iS'lediterraneao region. Tins area 
produces nearly 500 million bushels of corn. This produc- 
tion, however, might be doubled by the use of adapted 
hybrids and modern production practices, 

Fiybrid corn is rapidly .replacing open-poilinated \'arieties g -J 
in many countries (see table- 1). Early - maturing ■ hybrids ■ ■ i' 

have .made possible tlie gmwing o!” corn in many new areas- !- 
of Belgium, the Netherlands, and F.rance. Nearly all of this ' : 
new corn acreage is planted to hybrids. Jn .France a-nd ' Bel- 
gium, hybrid corn is replacing some of the excessive beet 
and potato acreage, lo Switzerland, corn I'an supplement . 
grass for feeding, and ai.d in eli.tii{n.ating bLuk foot disease- ...f 
of wheat. .Adapted corn hybrids are giving promise of rap-', " -'-j; 
idly replacing low-yielding varieties in many -other CiHintrles, . ' -. : ;.i 
Earlier malurity, higher yields, belter siandahility, and : 

greater resistance ao insects., diseases, and .drought .are the ■ •■y'l 

characterisi'ics of certain American lyvbrids that have lielped 
boost the acreage and prodiKlii)n of corn in Europe and ; 

the Mediterranean area. A recent .survey by the FAO indi- 
cates that the use of hybrid corn in 10 toumrics in 1952 ; 

increased production by nearly 1 1 million bushels. 

Use of hybrids alnuist doubled from 19^2 to 19^3 (^^ee ; 

tabic 1). About fF 7 of the neaidy IH million acres in corn | 

in 1" countries was planted with hybrid seed in In 

that year, the incrcvised prcKlucdon from the use of hybrids • 

was nearly 20 millitm bushels. Potential intrease from the j 

use of hybrids in these vounlries is at least 160 iuiilion | 

bushels. -ei; 

'Fhe v-vear testing pngram sponstired by the lv\0 was i 

started with an original iinestmcni of iaily 570,000. The ! 

\aiue of the estimated increased corn prt)iluaiiai in Fl conn- ! 

tries was worth over 2d million dt>ilars in 1952 and nearly 
iO million dollars in 1953. Italy and France reccBed espe- v 

cialiy large dividends from their hybrid corn programs. t 

The value i>f the potential increase from the use of hybrids ; 

in the Id -country area is 32t) milliini dollars per year. | 

It was found tliat the best of d5 American hybrids pro- [, 

vided by L'AC) produced 60^7 more grain than the best IcKal j 

open-pollinated variety as an acerage of Id I tests in 13 
uaintries in 1952, If the 30 million acres of land in corn 
in the area were planted to the best available hybrids, the 
resulting increase in yield woukl he cc|ui\’aIenL' to the pro- 
duction of an additional IS million acre.s of gi,K3d land. 

7 'Many ".People -are.:-;"-Hungfy 7 7’.-c -d 

Many Americans arc concerned over the apparent surplus 
of agricultural products accumulating in the United States. [ 

They feel that increasing the food supply in other areas of ? 

the world will compete unfavorably with American farmers. ; 

It is difficult for these Americans to realize tliat over half ; 

of the people in the work! are hungry. ; 
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Ptogre^s m f Mt-^^^literranean ttnintrivs, J9S2 - 195 4 . 

Viv^cpon or the btvcntn iv\() Hyhnd Maizt Akxting, IVhruary* i95.U 


Corn area 
in hybrids 


Total . . 


"" Figures not available. 


tieini, farmed. Some acreage can be addal bv costlv consc-r- 
vation irrigation, and reclamation projects.' However in- 
cased food and feed production must come primarily from 
die land now being farmed. This vital area of S , « ]• 

wodd ropufS^-°" addition, 

48 !v,h^ K increasing at the rate of approxim-ilelv 

s^niztzr^ ^-0- ^odu oi 

JSS'TAS 4"Vp«'Li\tSrS 

zation DHT * pcoi-esses and products like pasteiiri- 


Seed Production and Processing 
Mucli of the seed for tl-ip pacs ^ i’ 
began in I947 was mn^nl! I 8 P™gram, which 

dian seed tade T5 Si Ona- 

die hybrid seed used dme, nowever, most of 

countries. ’urope is produced in European 

cocISttaSased^Sf^n 

1952 to 662,000 bushels m 345,000 bushels in 

: half, of this seed wSs producSf in n^' 

iTw iSU^" •'» X°cS„S;; 

'» pta jH of 

effectiveness of the extensian availability of seed, 

governmental cdntrol Assuming ^^’^cdoni from 

!«d ytelds, if shodd iSSfefe f 



' Pel 

'cent 


1952 

1953 

Aigerm_^A_. . 

Austria, 

Belgium,,, 

8,8 . 

32.5 

5,0 

Egypt 

yj? . u 
rv 1 

99.0 

France.--, . ~ - 

Greece, 

1/ . Iti 

15.0 

m A 

0.02 
28.0 
i 10.0 
16.0 
15.5 

0.8 

80.0 1 
0.9 1 

12.3 i 

Israel, 

Italy„„ 

ii/.U 

Q n 

Morocco,.. 

o, t 

1 70 

Netherlands 

7 A 

Portugal - , _ " “ ■ ' “ 

Spain. , " " I 

Switzerland ^ | 

i 0 .v 
0.90 

3 . 56 j 

A f ll 

Yugoslavia. . , . ‘1 

*4: . U 

* 1 

9.0 j 

1.0 1 


Is.stimated inerea.sed eorii {.frodtii 
from the u.«(> of hybrids 


Bushel.-! 


78 .750 
23 ,625 
590 ,625 
393 ,750 


1953 


Value in 
1952 


'! iul) 

('. S 


diiiiars 

i95;i 


S ,662 ,500 
27,917 
196 ,875 
376,149 
3,93 ,750 
2 ,362 


78 ,750 
94 ,500 
78 .750 
335 

4 .528 .,125 
393 ,750 
354 .375 
11 ,812.500 
109.699 
157 ..500 
403 ,397 
1 -181 .2.50 
5.119 
94 ..500 


20 .000 .000 
60 .000 
500 .000 
7.50 .OtlO 
600 .000 
7 ..500 


142 .860 
16,8 .000 
140 .000 
.5 ,600 
.714.300 
.000 .000 
.3-50 ,fM(0 
.600 .000 
200 .000 
290 ,000 
777 .206 
.2.50 .000 
12.260 
1 12 .000 


10.746.303 I 19,292.550 ' 24 .43(1 ..500 


,2L9; 


lahle ihmmstk: pnKimtHm iff hvhfhl n-irl 

m bii^ihek. ■ 


(SvMnth FAC) llybri'd Mai/, Ah^um. l 9 Vli 


14 Countries 


19o2 


Algeria.... 

Austria 

Belgium 

Egypt 

France 

Greece 

Israel 

Italy . _ 
Morocco, 
Netherlands 
Portugal . 
Spain ; . 
Switzerland 
Yugoslavia , 


Hm 


l9b%8To ; 

197 •' 

:3i .28*2 ; 
8 ,298 : 

44.1011 I 
3.1 .Y:.)’- 


394 
10 ,238 
79 

22 JhiO 

H7 .922 
9 .844 
2 ,332 
393 .730 
i ) . ■ 

23 .023 
T ,284 

93 ,288 
OfiO 
28 ,330 


061 .83."* 


Table .^.—Estimated acreages and vOao. 

hybmi seed turn 10 plant' 25 mili2n3?n.2 

(mdudfs .seed and pollen parems). 


Year 


1954 

1955 

1956 

1957 


Kind of field 


Acres 

needed* 


; Estimated yields, 
? bushels: 


Inbred lines. 
Singles crosses 
Double cross seed 
Hybrid produc- 
tion (Farmer 
fields) 


1 

1 acre* 

48 

1 lo 

2.880 

1 8 

138 .240 

30 

24 .883,200 j 

: 40 


Total 


480 
23 ,040 
4 J47 ,200 
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seed to plant 25 million acres of farm fields in 1957 (table 
3). Purchasing some of the inbred and single cross seed in 
the United States shouid materially hasten the procedurev 

Production Practices of Farmers 

Modern production practices must go hand-itvhand with 
the use of desirable hybrids. Food for plants is just as neces- 
sary as focKi for humans and animals. Genes for high yield 
in desirable hybrids can readi their fullest expression only 
wlien the plant is grown on soils well supplied with sufficient 
amounts of balanced plant food. 

Number of plants per acre niust be adjusted to the water 
supply and productivity of the soil. Spacing and popuiatioo 
studies have been conducted in many countries. Smaller, 
earlier-maturing hybrids need to be spaced more closely to 
get optimum yields than larger, later maturing hybrids. 
Farmers need to u>se more efficient methods of cultnation, 
harvesting, and storage if hybrids are to give best re suits, 
Expansion and development ot irrigation projects aie iKctk\[ 
in many dry areas. 

The experience and facilities of American seedsmen can 
be utilii:eii in many other parts of the world. In Italy, thou- 
sands of bushels of hybrid seed are sold in bags witli three 
well-knocc'ii United States trade rnarks. Similar opportunities 
apfX'ar to be available in Turkey, Yugoslavia, Egypt and 
Ollier large corn growing areas. Sonic sub-standard and im- 
ada]Ted seed has been exported from the United States. 
I1iis is unfiirl unate and must be stopped if American seeds- 
men are to keep their excellent reputations for selling only 
seed ot tlicMiighest c|iiaiiiy. 


Hybrid corn revolutionized American agriculture. It prom- 
ises to be an iiKxeasingly im}xirtant crop in many other 
sections of the world. This includes areas where little or 
no corn is now being raised. Hungry people are not hap^py 
people. In hybrids we have high hopes of providing miich 
needed food and feed. 
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Aims and Objectives of the Food and Agricultural Program 
of the U. S. Foreign Operations Administration' 

Joe E. Walker- 


B IJ'ORE he left Washington to attend regional meetings 
of IT) A Agricultural Olticers in Europe and the Near 
and Far Fast, L. IT Norton asked me to extend to you his 
ileep appreciation for your invitation to take part, in tin's 
program. He also asked that 1 extend to ail of you his most 
siiu.ere regret at being unable to attend. He was truly dis- 
appointed the last day he was in Washington when he asked 
me to take his place. 

Mr. Nortt.m's misfortune has been my ^ery good fortune. 
1 am very pleased to be able to attend a Society meeting 
again after having missed the last .seven wliile I haxe been 
out of the coLintr}’, 

Tlic subject I am to discuss with you is the "Aims and 
Objectives of the Food and Agricultural Program of the 
United States Foreign Operations Administration." Before 
discussing these aim,s with you, I would like to digress for 
a moment and mention .some of the points that have affected 
the situation in which our country now finds itself. Most of 
these points all of you already know, but I believe that 

’ Invitational paper presented before the genera! meeting, Ameri- 
can Society of Agronomy, St. Paul, Minn., Nov. .8, 1934. 

"Chief, Agronomy and Soils Branch, U. S. Foreign Operations 
Administration. 


what T have to say will be .more dearly understood ^ if you ;■ ' J || 
keep them in mind as I talk. 

h is an liistorua! fact that after the dissoluliun of the 
Roman Empire civilization passed through a period ot stag- 
nation in.sofar as progress in science, culture and world trade ; 

were concerned. This is the period that our history books 
call the Dark Ages. No\\’ what caused this disastrous .stoppage I 

in progress? One explanation, and a very good one, is that 
no country in the v^’orkl was prepared to take the leadership 
in the family of nation.s. Thf.s condition continued until 
there \vere nations strong enough to gain and maintain 
world leadership. At about the time our country won its 
independence, the great colonial ciiipires of the leading 
nation.s of the world began slowdy to break up. During our S 

l.i^'es this process has been accelerated. We are now^ living f 

in another age when there Is rivalry for world leadership. I 
The accelerating increases in world population has further \ 

complicated the situation. I venture to say that there is no ‘ 

one here today who has not read within recent month.s some ^ 

report on the dangers of over-population in the world — and 1 

that at some future date there would not be enough food I 

to go around. We must and will be prerpared to produce more I 

food as population increases. I 
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The United States is no longer apart t roni the rest of 
the world. Whether we like it or not, our traditional isola- 
tion from the rest of the world has been a thing of the 
past for two generations. In this .ige, most nations .ire 
dependent on other nations for r'arious commodities that 
they want or need in order to exist. No country is comnlctelv 
self-sufScient. We hnd ourselves dependent on otlier coun- 
tnes for certain minerals and plant products that we do not 
have or cannot produce. At one time or another ail of us 
have heard^ the phrase "stockpiling strategic materials". At 
the same time, other countries are dependent upon us As 
agronomists wcjiere are very much interested in wliat other 
countries buy. We wonder, can our e.vporters find a market 

fmir*\^°^ f 10% of our 

lilt, 35/0 of our rice, 17% of our tobacco, and for the 

other crops of which we produce more than we can con- 
'"terdependence of n.itions plus 
improvement m communication and transportation hac-e 

interif relationships to become even more closely 

Jnteiiocked m recent years. 

clianges I have mentioned affect our ecmiomk lives. 

““’efimes dangerous 
hi! causing other changes. One of these 

that - nation which is conv inced 

™ ° impose its dogma on the rest of the 

world. To pmtect themselves, the peoples of tl cN r e in i, , 
are cooperating in building a bulwirk of securi y - in 

or^ tnt world are on one side or the other of two futioos 
which are struggling for leadership. Our country is vvmik 
with her sister countries who have similar ideals .tnd bS 
m developing leadership in the free world. We have accepted 
e_ leadership m man)- international activities, one of which 

I would say that we^have^enf^'i^^^ 

bragging about ourselves too much T wmc f to 

SffyteS a“rfh£“ 'n 

fo, 

some mote left over to export.^ * 

This great increase in productivity per farmer h is nnr r.i 
piace m most rnnntn^c i f i50t taken 

this.P I carfil TOU h?w 

it because we ^ 

Many of the bS? scienFI ?. 

to develop hybrid corn the used 

picker, improved seeds of all die combine, the cotton 
the use of pknt and an im ^'=«bi 2 er.s, 

complete list would be ""r- 

countries, But you people w™, ^ discovered m other- 
working in other fields^of sF; P^'^decessors and other men 

them. And there we find one farmer to apply 

win. Iha wiaJte., p4la” 

fiU m anything missino- L We want to 

^dge md lha/h.lp f f “»tiSc k„owI- 

. A, I ,,id . *j°d“ 

scientific knowledge in a dav Our nl' 

,v , & ^^tion was about 90 years 


old hdore vvx .SCI up our Land (b.mi ( ulicgc Svsicui, li 
was 17 more ycvirs before \vc provided hir rcst.irch An expt ri 
rnent stations in connection witlv tliest- a.llct-cs And ii w is 
another 2.5 or 30 years before we arr.iiigcd f.'ir i.bc sysiemanc 
spreadingof knowledge gaintxl al the.sd colleges and i vivri- 
ment statioiis to the people vvhu could use ii'ltiie Arncric.in 
larmcT and Ins family, Tlierefore, we who .idmmi.ster this 
opeiation in those countries where f.irming is still a lund 
openition, cannot expect our ideas to be acccpicd without 
question, bcGiuse tliey are often ide.is which .u iirst jnav 
apiiear unrea.sonabIe to them. 

For Hie pist 2 or 3 years, fi. S. .speci.di.sts who ii.ive looiv 

technicians brougiu to ibe i 


I . ’ cniphasds lo rfarrynd"^ 

the r^-ions from which tiic trainees corae .md we arc m-nur 

rapicllv io that flnYdi-H-Mi ii-i . . .. - , - 


tf a in ill 


io that dircctiiHi, In ol;.!ifc:r \vcirdr;, train 
sitjiomv. It is tiieaper in time, nionev and iisfin 

DUS' tirrin • , . ■ 


theft 

ihis time, 21 .such training projeds' in liurope arc bem.i 
iinisiied; a regional vv.irk-.shctp on A -’iculhi'd F-i 

nM will K. i,,,j mJi, ,l,rr, 

of you attended the water spreading Vonferemv to vvh'.'i, 

si to 'Vto ' "’"'F' «'•« *‘cld m oiir Wesicni 

- ates October through Ueieinbei- 1913. Tlu,v iiaw been 
o hcis the i-Kc ierti raer .ind breeding vvorknn: p-irrics held 
11 lokyci last niomh. for examjdc. Ir ,s ,, ;Jh maXm-s 

ts 'voirmi'T'"'^ c-vebange o! mfonjution Js fosreicd ph 
week ‘“'c- disvnssiiig our work iint iii Si, Jfmi Jhb 

Now I would like to lav- before V cm .some N the 

i- « 0 ^ 9 !’"'“^' ■' m •"’■‘•‘bed uiiderdev e loped conn, 

nc-s at die world. Our objectiv es arc to hein their s, . 
uon I cannot give them to you in their orde - of impon iruc 
Wi^rhcy ,irc so inter-related rhai they cm not: be s|amf"b 

entif^r or No- 

ivhc c tl.«tom " tiiey arc needed oi 

son f, ? .,0 n tor one a..- .mother te.i- 

distributed. ' ' •o-c no! propt-riy 


di is ‘litilniii for .1,, American 
level, >jieii « I Hint l ie s io .ippred- 


2. Tfi/r hifiiiih .’/ortv/./ivA.- 
wlh) ha.snd bun in thr 

..fc wiu, ,1,1, hi 

•i»d it is by no me m 'Ounov vvl, re 1 w.c .is.igmsi, 

of most, in fiu-t (here w -r '"‘"l H is f.u ahead 

;cyfeel vus malaria, 

aiplSiSlf to? 

Je cities, 

A most fertile breed ng plice fiwF ^ 

idle men who are livuhg iHov -m- 

naked children die li^71^:;^ 74 

niats^o^dilr2« h 

ral resourcts o?7"„1:K^ 

wherewithal to make i ^ ^ 

us are old enough to mmember dl a"""" 

farmer wdien he lost hk rrAi;+ } ^be American 

-ir im-s. A tLt'X ' ,tZ‘ 

enough hnancial momentum to kelp going. 
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5. Prm dhirihHtifm irf farm the cowntry 

I iTientioned a monieiit ago, and again I want to emphasize 
that it doesn't represent additions at theii: worst—lheawer- 
>ige family fami is about 5 acres. Some of the farms are as 
small as 123 square yards. Can you imagine a whole family 
living off the produce of 123 square yards of land? At the 
same time, that country has thousands of acres ot cuTover 
and burned“ON’er land that can be farmed proiitably. 

(k Lick of kmtvledge, — I know of one country, and I 
am sure there are others, in which only two citizens are 
graduates of a college of agriculture equivalent to our own; 
and one of these men is not in public service. It is a monu- 
mental task there to organize an extension service, for ex- 
ample, wlieri none of the home agents and few of the 
county agents have tlie equivalent of high school education. 

■ 7. Thu- need for pmrikd research afid iis. applhsiJkw,— 
For example, there is a topmotch technician in the Near East 
who worked on an insect called the Jacas /ly. HC' lound out 
all about its life history, how it fed, what it ate, how it 
lived and all the other things an enUMnologist finds when 
he studies a bug. He wrote up his findings in a well pre- 
pared article and delivered a magnificent: speech on what 
he had learned' to an Academy of Science. Fle ddhered 
ifis manuscript to tlie academy editor for publtcation and 
then he returned hcHue happily lookiog for other insects 
in good supply that lie t:ouid study. He left his dai/n irivnds 
'.'to continue ilestroying ID' ter 4:)f the oh\e crop 

of his own and neighboring countries. Now Tmay Iwver'xag-, 
geraled this story a little fait but you see what I mean. 

Of ia;>urse, by now you people know what our aims and 
isbjectises are. I could say there really is only one objec- 
ti\xc That is we want lo work alongside people of the free 
countries of the world to help them develop their agrical- 
tiiral pfcdiiction aiui distributiton to a stage where popula- 
tions will be adequately fed and employed and not be a 
breeding ground for (Amiminism or other fanatical 'jsms’L 
W'T w*ant to help people in their own efforts to provide 
diemseh'es with medical care, food, clothing, education, tools, 
land, piirdusing power, and the other tinhgs that: W'ill 
enable tliern to !mpro\v their living standards. 

The a Mutual Security Ae:t or Public laiw 663 pro- 
sides for a twiej-irunged apjiroach to tlie agricultural prob- 
lems of tile underd-ewdoped coiiniries. One is tlie exteii- 
siem of technical aid am! the other is lor 'Vltaelopment assist- 
ance*’, A Matemenl of the purpr>se of the Act i% as iidiows: 

"Ir is the polfiy of the United States . . , to aid the 
efforts of tlie people of economically underdeveloped areas 
to develop their resources and imprme their working and 
living conditions by encouraging the exchange t>f technical 
knowledge and skills and llie iiow of investment capital 
to countries which pro\’ide conditions under which such, tech- 
nical assistance and capital can effectively and constructiveiy 
contribute to raising siandajxls of living, crciiilng new suorces 
of wealth, increasing productivity and expanding purchasing 
power.”’ 

This act authorizes the expenditure of ap to a total oi 
588,370,000 in the Near East, Africa, South Asia, and Far 
East and Pacific nations, and up to an additional 528A0O,()00 
for Latin America. All of this money is for technical assist- 
atu'e. An additional authorization of up to $199,000,000 
was iuade available for development assistance. With nearly 
all .sections of Western Europe fully recovered from post- 
war economic despair, emphasis of the mutual security pro- 
grams has shifted from this area to the Near and Far East. 


When the United States agrees to join other countries in 
a programming of technical cooperation, d host country 
agrees, first, to bear a fair share of the costs; .secoiid, to 
integrate the programs and to make good use of their 
results; and third, cooperate with other countries in tc'ch- 
nical prograiiis. 

In planning these joint programs, increased emphasis has 
been placed on 2- to 3-year university and other contracts. 
As of Nov, 1, fifty United States educational institutions had 
contracts with FOA for work in 27 foreign countries. Okla- 
homa A and M College, working in Ethiopia was one of 
the first Their work began in 1952. They now have about 
34 staff members out there. No doubt many of you have 
gone or will go to some country under one of these con- 
tracts. We have 71 Land Grant Institutions in the United 
States. That is more than one few each of the coiin 
where we have agreements for technical cooperation. Can 
we assist: in setting up a central experiment station which 
■will cai'iy on after ' these ccmtracts ' have expired? That cer- 
tainly is a challenge to all of us. Under these contracts, 
members of the college staff are assigned to the cooperating 
country usually to work with a corresponding host country 
school or experiment station or botli where they guide vUid 
lielp in the tlevelopmcnt and operation of research projects 
in a mannv;f similar the way vve are accustomed to dr)ing 
it here. Except: overseas, vve do ikx: try i!o all or evan 
most of the actual wtirk. We encourage cair councerparts 
on the local staff to direct ihek work inti) mure efficient 
and productive channels. W’e actually do the work only 
when vve demonstrate; how to do a job. 

In all of the ■ coc)(3erating countries' there are' FOA Mis- 
sions. ; They arc cal led United 'States Operations. -Missions, 
or USOM's. These Alissicms, are staffed with technicians . as 
deemed necessary to operate the technical program that has 
been mutually agreed upon. The Mission technicians work 
with counterparts in the national government; agronomists 
vvork vvfith their cotifiierparts who arc usually in the Depart- 
juemt ot Agriculture. They are charged with the responsi- 
bility of helping their counterparts use available resources 
and vvdienever [X)ssibie better tediniques; to give training 
to otlier technicians; and to help in the organization of 
pennanent giwemment agencies vvhidi will contribute .sig- 
nificantly to the economic development of tlie countr)c Tliey 
are C(;»acerned w'ith such projects as seed improvement, dis- 
tributism aoi! exchange; extension methods and vocational 
education; use and distrihution of fertilizers; resettlement; 
soil conservation; forest maintenance and restoration; fish- 
eries; livxvstock improvement; land use; range management; 
waiter use and conservutioii; irrigation: pest and disease con- 
trol and other.s as are needed. Technicians assigned to the 
Missions are constantly at the shoulder of their counterparts: 
questioning, encouraging and advising in their work — and 
in many cases, learning theniseh^-s. 

Another extremely iin|:H)rtant part of the tcchniail assist- 
ance program is the training that foreign technicians receive 
in this country. T am sure all of you are familiar wdth this 
FOA activity. Most of you liave w^orked with these people. 
About 60 of them are or will be in attendance at these 
meetings this w^eek. In w^orking w'ith these people we have 
,a two-fold objective. Tirey should be, and they are, receiv- 
ing the opportunity to advance in their field of work. Also 
tiiey are contributing largely to our own fund of knowledge. 
Equally important with this training is the impressions and 
ideas they gain about us an individuals, liow we live, our 
churches, our schools, in other words, the American way of 
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life. The experiences that these people take liojiie is Jiaving 
and will continue to have a very marked eliect on what 
they and their countrymen are going to think of us now 
and in the future. 

Now I want to mention two other of our most important 
objectives. These two objectives are to a much lesser extent 
involved in direct contact with foreign nationals. At least 
we practice them right here at home. The first of them 
is the coordination of the available manpower and braiii' 
power in all the diverse agricultural activities of the LJnlted 
States into this operation. We need, as a nation, a concen- 
trated effort for the expansion of productivity and purchas- 
ing powder and improving working and living conditions 
of the people in die world's imdeTdeveioped areas. Some 
of you may have heard that the Farm Bureau Federation, 
in cooperation with foreign countries and FOA, is arrang- 
ing for 600 young farmers between the ages of IS and 
30 to come to the United States where they will live and 
work on farms selected by the Farm Bureau— -another ex- 
ample of cooperati\x* effort. I have already mentioned tlie 
trainee program in which most of you either directly or 
indirectly are cooperating. The Department of Agriculture 
and State Experiment Stations are a reservoir upon which 
we draw continuously for trained men, information and su]> 
port in our planning and operation. And then tiiere is FAQ, 
the Food and Agriculture Organization of the United Na- 
tions. Our operations are planned to dovetail with those of 
FAO. For example, at the University of the Philippines, 
College of Agriculture in Los Banos, FAO has sent a 
forest products specialist who is supervising the conslriic- 
tion of a forest products laboratory, the installation of the 
equipment, and the training of the College of Agriculture 
personnel in its operation, After consultation with private 
industry relative to the b equipment, FOA bought the 
equipment and the University of the Philippines and the 
Phil ippine Government are paying for the buildings and 
installations, and staffing the laboratory. Cornell University 
has a contract vvith this college. Therefore, at this one institu- 
tion, we have FAQ, FOA, a Land Grant College, Ameri- 
can Industry, and a Lin ivers in another nation working 
together for one common goal, Theix* examples 

of this kind of united effort, and there will he more. 

The second important objective we can accomplish here 
at home is for us who have put in tours of service abroad 
to maintain contacts made ovemas with 
whom we havcAcooperated. Mito not end with 

die termination of a tour of duty at a foreign post. And it 
would be a healthy thing for world peace if agen<y-to-agency 
and people-to-people contacts were continued after termina- 
tion of contracts and agreements. 

Now one last idea~in his talk to all of our technicians 
who go to the field, E. N. Hoimgrecn, Director of the Office 


of Food and Agriculture ot: LOA' grve;^ dicin what lie calls 
his. "five points 'for failure in the iitld”; to llicm I have' 
added a sixth. These potential danger points -are: . 

1. Too mmy AmeriiiWs ou iho Idiere is an ^il'worp- 
tion rate at wiiidi a college, expenrnefit siatioig Jiigh 

or department ol" agriciiituie: can t.:ike i:eL.:luncal. guirLirice. 
,lf they ate overloaded 'with new ideas, rheii: ■ctiorts lost 
direction and the institution is soon bogged down and prrnt- 
ress stops. 

2. ' Geflmg -Amcriums on iho job' ioo -Occa-Sionally 

w^e are able to recruit and deliver a' technician to a emintry 
before it has, local funds av-iilable, or- beforC' arrange- 
ments have been made for intcrprcierN, aiieail o.f tlie a|U!p- 
ment .he i.s to work ii’it!) or even be! ore the local gen/ern- 
merit .lias a counterpart ready for iiim, A icchnician arri.ving 
under one of these condiiii^ns will .bi.; himting a .job ''to do, 
and it creates a ^'en’ bad inipression. 

3. SprOikinig ihv ivconoiotin non,' -I, ins is .a. con^iraoc 

probiem. It is pi\:sem' in all tlie Alissions. ' 

f. The tefonJi'An trying io oH An hjwooT- 

Operation is rlic fob of" the .local i:ra.in ter part. I,f ca-Hi do- 

his wajrk for him -and I grant this is oficn oAokr 

teaching" -•he- wonf.. learn as rniidi and tlic A.inerican iedo ■ 
nidan .has less 'lime io spend , wirli oilier vOunltrpa.rr*c Thro 
when pan .leave, the Imsr coiinirv tet:lndcian . isn'r abk; to 
ccirry on, 

■ d. Piiinnjnty ofeov kk; onn/iy ' of 'iOo njoniff to k<,ns--— 
It .is all ■ .too - eas}' to start more pogmuiis than gj'ie eoiiiiirv' 
can or w’ill- wish pay lor after flic :Americaiis.'.aiC- goruh- ' 
.And any time or: .money spenr slariing a project: ihai- can- 
not be completed,: and e:arried on. by the conn try concerned. 

■ obvioiisiy is w.isted. ■ ■ . * 

' 6. Not reiognmng^ foreign .hajnkhms m .OitnAs- ^-All of ■ - 

you know you cauf /successfully teach a. class lic-re by talking . 
down; to die pupils err talk i rig- over 'their heads. iiiiist 
aiwa)’s remember that a foreign technician goiKwillv knco\^ 
more about hi> home coiidilions than die And rsot o: 
them are authoritatively inlbriiied in their .fidvlsf 

In the vvo.rds i.ii the President. , . . These prourjiii-s -arc 
ouiMUiisl: effective co-unter-nieasin'c to Srwirt j::?ropJg,:mi:la a,;-id - 
the best method by whuh to uvaie Iht poliO\.i| and 
/stability essential fir lasting pca.a;/" ' Ikwstbly T, ' slioiild: 
that: it- is tlie dwapest a>imU:.roiicasure .in...' dollars- ami blood' ■ 
that we can employ, 

... I \\oii!d. like to thank. -in, -behalf of tlie Oiiue -mf Fo. Hi a-n.| 

Agriculture,: all of ..yoii agronomist's :to helping «s w-ith .our / 
.program. Thanks, to pu. wJio has'e gcnic abrmd and'oakai' 
patt in it. Thanks to you whi> h,i\i lome IciUk hf^nc' aiui 
continued to send information and t ikour.menu ik :o eh'. 
new friends you made at your posts. Amriiernks m '.ou 
who will go tcj take their places and c.iri'\ on ihe wiak. 


The Wet Milling Properties of Grain Sorghums 


S. A. Watson and Yoshiro Hirata 


F or ov'er 40 years grain sorghiioi has been nientioiied 
as a possible raw niateriai for coinniercial starch produC’* 
tion (3, 4, 5, 9, 10). Reasons given were similarity to corn 
in composition, kernel structure, starch properties and ease 
of starch isolation. Corn Pj-odacts Ileiining Co. became con- 
vinced of the merit of tills claim and in June, 1949, com- 
pleted a wet processing plant at Corpus Christi, ■ Tex. (7). 
Products manufactured include starch, crystalline dextrose, 
oil, and feeds. Tiiis compan)' also has an afhliated plant at 
Regeiisbuig, Germany, ^\^Ilere similar products are made 
from grain soigliiim iinj^orted from the United States. 

It can .now be said' with some degree of confidence 'tliat 
siarc.li can be .nia,de cojiiincrcially from grain sorghuiii. In 
light oi thte experience oi the past 4' }’ears, tlie ways in which 
grain sorghum is similar to corn ■with regard to wet 
milling properties can he discussed. In a process having 
a flow of approxiniatcly a million pounds of milled grain 
a day. small and seemingly minute differences in kernel 
characterislics may crude setious bottk-necks in the produc- 
litm struini, which nia\' impair product c|iiahty. The inipor- 
tarue i>f certain strociural iUuures of the grain sorghum 
kernel wciv not entirely a]'>preciat.eil until manufaciiirini*: 
was acvually undcrrw'ay. iM’any unanticipated problems arose 
during the lirst 2 years of operatic:>ii bur dose coordination 
between prodiKtion, research and engineering departments 
pro\adec! the solution or answers to most of these problems. 
Tliese investigations have revealed new information on grain 
soi'ghurn that may be useful in guiding the plant breeder in 
his search for improved varieties and may stimulate further 
industrial utilization of this potentially much more important 
■crop. . 

METHODS 

Di-sa7lK*/fjh> (*f pfricc^\\u — Grain k received by 

truck or rail, cleaned, dried to 12 to 13U/ meusture if it is to 
he stored for a long period; or it may be sent; directly to the 
steeps. In the steeps it is nwered svith process water containing 
sulfur dioxide md subjected to a softening and leaching action 
which lasts for 5t) li) 6(J hours ai a temperature of 120 to 123 '^ F. 
'i\vo batteries of O) steeps each are operated so as to maintain 
a pH level of 4.0 to 4.2 and a concentration of about (k/^ soluble 
materials in the steepwater withdrawn froin the battej-y. Water 
is passed over the grain by continuously pumping it from the 
bottom of one steep to the top of the next steep. Water move- 
ment across the battery is in coimtercurrent relation to the age 
of the grain. Tiie low pH is the result of formation of lactic 
acid through fermentation of sugars extracted from the grain, 
Fediowing the completion of steeping, the %vet grain is enrshed 
just enough to release the geiin Tvithoutplamaging it. Since the 
.steeped germ contains about 50 to 60% oil, it is therefore readily 
separated fn)m other kernel c<^mponents by flotation on the sus- 
pended stardi. Oil is removed from the dried germ by expelling 
under pressure. The remaining: pericarp and endosperm mixture is 
finely ground to release the starch granules. 

The fiber fraction, which includes pericarp, aleurone and^ a 
few' small pieces of endosperm that escaped crushing in the mill, 
is separated from the .starch and protein fraction (gluten) by 
screening over very fine bolting cloth approximating 200 mesh. 
Starcli and gluten are next separated by the use of continuous 
centrifugal machines. The light gluten fraction passes from the 

^ Contribution of the George M. Moffett Research Laboratories, 
Corn Products Refining Co., Argo, III. Presented at the 1953 
meeting of the American Society of Agronomy, Dallas, Tex, Rec. 
for publication April 8, 1954. 


centrifuge at 60 to 63% protein and is sent to the feed house 
where it may be dried separately or mixed with fiber, steepwater, 
and germ oil cake and dried. The mixture is sold as miio gluten 
feed. The starch, after further purification by passing through a 
second centrifuge, is washed with fresli water and either dried 
or sent to the .sugar i-efinery for hydrolysis to yield dextrose. Fin- ^ 
ished starch purity is primarily measured by the residual protein 
content which must be below 0.574 io an acceptable product. 

Lahuratory sieepih\^.—A\\ .samples of grain pn>ces.sed in the 
laboratory are steeped in a solution composed of 0.5% lactic acid 
and 0.1,5% sulfur dioxide adjusted initially to pH 3.0 with 
potassium hydroxide. Three luindred fifty grams of grain (dry 
basis) is covered with 1500 ml. of the steeping medium in a 
2-qiiait Mason jar and immersed in a water bath held at 12(> to 
1-22° F. The liquid is circulated %vith a pump 10 minutes every 
hoiir for a total oi 48 hours. Under these conditions the pFI 
of tlie medium rises rapidlv toward pH 4 levelling off at pH 
4.2 to' 4.5. 

L^iPorafory — QuaiititatR'e laboratCfry fractionation of 

.steeped grain is accomplished by the procedure described pre- 
viously (14). The four main ctuuponents of the grain— germ, 
fiber, starch and gluten— -are separated by means similar to tiu>se 
used in the nianufacturing piarwess except: that starch and gluten 
are separated on a table. All fractions are dried in a forced draft 
oven at 136' F,, weighed and analyzed. Yield determination is 
calculated on the basis of thc^ iviw grain dry substance. 

S^eepJf/g sohdies -- — A 100 g, (d.b. ) , portion of grain is' steeped 
in 400 ml. t:)f the steeping mediinn and under the same condi* 
tion.s as described alx»ve. The entire sample of grain and its 
steepwater are ground 5 miautes in a Waring lifendor operated 
at full speed. The resulting grist is filtered and soluble dry sub- 
stance determined by drying and weighing an aliquot of the 
filtrate. Correction is made for the reagents contained in the 
original steeping medium. Reducing sugars is determined on this 
extract by Ak? Schoorl copper reduction method (2 ). 

Y/tov/Y Thi,s is done by visually comparing under north 

light one or more starches and white magnesium f>xide pressevi 
between tw(t glass plates cm a iflack background. If tlie samples 
are placed on the lower glass hi siicli a way that when pressed by 
the upper glas.s the edges i>f the samples come together, small 
differences in hue or intensity can be readily distinguished. 
Starches are arranged in older of ixlative intensity by cross com- 
parisons. .Numte's assigned are relative only within this group. 

Chemkai met hods is detertnined by a modification eff’ 

the A.O.A^C pcdarinietric method (i), fat by extraition with 
cadxm tetnichlo rider in Butt extractors and protein and ash by 
A.O.A.C. Oiiicial Methods ( 1 ). Wax is extracted from whole 
kernels with Skellysolve B (l i). Tannin is determined by the 
Meriaul prodeedure (12) and a ground sample of grain. 

■ DISCUSSION'. 

SimektrJ jidlttm of jbe griVtp s^n'glvim kLiiid, The bulk 
of c'ommercial wet milling expertenc:e in starch production 
has been with corn. Therefore, it is int:ere.siing to compare 
some of the similarities and differences between corn and 
grai,n sorghum. Probably the most obvious differences are 
in shape and size. The spherical nature of the grain sorghum 
kernel gi\TS it different swelling characteristics during steep- 
ing than the irregularly shaped corn kernels. The small size 
of the grain sorghum kernel allows water to be absorbed 
more quickly and soluble substances to l>e extracted more 
rapidly and more completely than with corn. In grain sor- 
ghum there is a much greater proportion of Imrny endosperoi 
than in corn. In the horny endosperm, cells are .small, starch 
granules are small, and the gluten matrix h thick and resist- 
ant to softening. As a consecpence, sliglitly longer steeping 
time is to be reepired for grain sorghum than for corn. 
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satisfactory starch ir lias been necessary' ‘ icc sfKfial 
tedinic|ues and cx|u.ipr:nenr ' niit i't‘t|iiircil .in .earn stirsh 
inaniifaciiire, ■ ■ 

CompfJsitifHi. -Gra.in soi’gluinv has' in general a .dienncal 

•nake-iir> similar to corn, liul: ijic Si^rghuiii grown in the 
coastal ’bend area i>i' 'Texas coruains more |siotein .md less 
fat than Midwe.sl:e.rn corn f table 1). 11 k ^ e analyses arc: aier- 
aged from daily grain samples ad lecced over ' a ■ 314 
period and represent about 33 million , bushehaof: corn and 


In figure 1 the major structural features of the grain sor- 
ghmii kernel are shown. The effect of steeping on this 
kernel is evidenced by the loss of starch from the central 
jfloury endosperm region during preparation of the section. 
In millin 


the readily loosened starch granules in this region 
are liberated during the degerniination grind; but the starch 
granules in the horny endosperm are lield more firmly and 
must be liberated by fine grinding in an attrition mill. Starch 
from both regions is combined after fiber removal. Figure 2 
shows the manner in which starch granules are hound in the 
endosperm. Protein matrix forms a continuous envelope 
around all starch granules within a given cell. The function 
of steeping is to soften the protein matrix so tliat the crusli- 


Table 3.— Compunuive coinpo>,ifjoii of torn anti grain scirghuru. 






WATSON AND HIRATA: WET MILLING PROPERTIES OF GRAIN SORGHUMS 


18 mi I Hon bushels of grain sorghum. Analyzablestardi con- milling because it has a rather large, soft kernel with white 

tent in sorghum is not greatly differexit from that in corn pericarp. Howecer, its pigmentecl seed coal: (undercoat) 

but recoverable starch is somewhat lower because a greater proved to be so brittle that brown specks carried o\er into 

propart ion is contained in the horny endosperm. The oil the tin ishecl starch and gave it an unacceptable appearance, 

content of sorghiun is low but can probably be increased For this reason alone Hegari, or any other variety with a 

through plant breeding techniques. Grain sorghum of higher pigmented seed coat, is not considered to he suitable for 

oil content would not only give the farmer a better balanced wet milling application. The starch now being manufactured 

feed, but would give the prcKressor a higher yield of oil, his from Martin variety has an almost imperceptibie pink tint 

most valuable by-product. and is suitable for most industrial and food uses. Since this 

With respect to tannin, wax and yellow pigments, corn color may he due mostly to the adsorption onto the starch 

and grain sorghum differ distinctively. The discovery by O. J. granules of pigment leached from the pericarp during steep- 

Webster, Nebraska Experiment Station, of a grain sorghum ing, vafieties having white pericarp should be prefe-rred. 

var iet}’^ having yellow’ endosperm is of considerable impar- Lahomlory wei mHlnig mulls ,-— of the varieties 

lance. Carotenoid and xanthopyli pignients in the endosperm having white pericarp and unpigmented seed coat have as 
are important to poultry rations and their absence in sorghum yet been processed in commercial ejuantities. Howover, most 

feeds results in lower acceptability. The presence of tannin of the important or promising varieties of waxy and non- 

in grain sorghum may lower its palatability as a feed, and vvaxy grain sorghums have been wet milled in the laboratory 

its presence in tlie tin ishecl starch may result in forraalion under imtHods closely siniuluting nianufacturing conditions, 

of grey or blue ccilons in tl’ie presence of soluble iron. White Results are given in table 2 in the form of ranges .md 

grain sorglium varieties containing less tannin should be avemiges rather than values for individual varieties. Since 

prc'ferreii. The large .imoiint of wax in grain sorghum causes only one or two samples of eadi v ariety were processed, it 

sonic trouble in oil recovery and must at least be discounted was felt that results vvefe not completely representative of a 

from the iigure for total fat. However, this wax does have particular variety and tliey were tabulated only on the basis 

distinctive propcities vvhich may eventiiaily win for it a of the broad classification as waxy and non-Nvaxy. The 

place in the by^prcKluct lieUi (3, XI). numerous samples of Martin variety which have been proc- 

comlKinsifU of ruf7V//c.o conm'wrikil experu ■ essed liave inclicatcd tluit die sanie grown in different 

toutav- Martin grain sorghum is the pixvlominant variety years and in diftMnt loca show considerable \ aria- 

aiailable to the C’orpus C.liristi piant. However, Hegari, tiem an wcl inilling properties. The most signiticaat: differ- 

Plainsman, Caprock aiul Redhine 66 have- ociasionaliy been ences occur between the group oi* varieties containing regu- 

prcH'essed. Rcdbine 66 ga\e results comparable to Martin. I ar starch (nc>n -vvaxy) and the group containing waxy starch. 

Plainsman and Ciapivsck, purchased in. West Texas, appeared These two types of starclx differ signitkantly in pasting char- 

tii be softer secdcil types than Marlin and gave starch of acteristics and hence rna}' have different end uses (3, H). 

lower protein content, but also of lower viscosity. Hegari Waxy grain sorghum has not been vvet milled 

Was one variety that was expected to be excellent for v\eX' in signiticant c|iiandties. No differences in gross composition 


Table 2.“-"Average recovery and compositfon of wet milliog fracdon.s of waxy and regular grain sivrghum varieties. 



Regular varieties* | 

■ ■ '■ -'’i; 

Waxy varieties t 


Range 

' Average 

Range 

Average » 

Raw grain analysis, d.b. 

■protein.. ... ■ . .. ...■ , . ■ 

10.1 -14.4 

12.5 

10.9 -13.9 

11.8 i 

Stareh.. . , ■ . v.. 


69. a 

67.8 69.9 

68.8 ^ 

E'aU.. ■ ^ .. .. 

' . S A - 4.R 

4.0 

3.7 - 5.0 

^ . ■ 4 . 4 :. ■- ..■ ".'■■■^ 

Total sugar 1- ... .. cl,... c . . .. ... : , y 


1 . 5 


2.9 

. ^ ' ' ' j? 

Percent of original grain in various fractions 

Solubles (steep water 1 - ... : ■ .. „ .: . ... .. ... - .... ... 

5.3 6.0 

5 . 7 

'■'6. 7.- 7. 7 :■ 


■ 'Starch fraction.. ... .. ... .. .... .... ' .- -. ... 

60.7 - 65.4 

62.2 

5B.2 -59.3 

58.1 : 

: Germ' fra'Ction... . .. .... .... ■ ■. : ... ... ... , 

3.9 - 5.4 


3. '9'-- '0.4 

v' '4.4^. 

. ■ Gluten fraction.' ....■ . ..' ... .. ... .. . -■ 

9.3 -14.9 

12.9 

13.9 -17.1 

15.9 

; ■ .Fiber - fraction,: ... .: ..... :: . .. . ... . .. ' .. ... j 

7.1>'-1.2.3;.; ■ 

9,8 

6.5 -12.8 

69.2: . 

^6^ Total .. . :.... :.c . : : v,:": ' .. „ J 

. ■■ . ■ ' ; J 

90.7 -97.5 

95.4 

92.2 -^97.8 

1 ■■ . ' ' " ' 

94.7 1 

Composition of fractions, % d.b. 



[■ ■ 


Protein in starch . .. 

0.26- 0.62 

i '■ ■■:. ■. 0,47'' 

24-^0:. 27 

0.26 f 

Starch in gluten^ . . . _ 

29.5 38,9 

! :.■ .',33.5^ 

87.5 -44.1 

m.H : 

Protein in gluten „ . . - . 

42.9 -51.6 

|:-'..47.'R -'U 

37.2 -41.5 

38.1 1 

Starch in fiber. . . . . . ...... 

22.3 -41.6 

1 31.4 

20.6 -32.9 

27.3 i 

., Oii;ln, germ 2:... 

42.7 -57.8 

A3...3:,' :■■ 

50,6 -‘57.8 

.54.0 1 

'; i'l 

Percent recovery of whole kernel starch 

In starch fraction 

86.3-93.0 

" 39 vo,: :■:■■' 

81.9 -87.1 

84.1 1, 

In gluten fraction . . . 

In nfoer fraction ........ 


6.0 

7.9 -10.3 

9.4 \ 

1.9 - 7.0 


1.9 - 6.1 

■ 3-a 1 





... 1 


Eight samples including Maitim (2 samples), Combine Kafir 60 {2 saixtples), Combine Kafir S4T, Shallu, Redbine 66 and Double Dwarf Sooner. I 

t Six samples including Waxy Combine Kafir 60 (2 samples), Texioca S4, Botible Dwarf White Sooner, and Kafir X White Feterita. I 

I As dextrose after inversion of sucrose. Detenuined only on Texioca 54 (waxy) and its non-waxy counterpart Combine Kafir 54T* I 


I 
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Table 3.- — ^Colors of laboratory preparerl starches. 


Variety name 


Pinkish starches 

Texas Combine Kafir 60 _ . 

Commercial (Martin) 

Martin (Lubbock) 

Martin (Corpus Christi 

D.D, Yellow Sooner MiIo___.„ 

Yellowish starches 
Shallu, _ ^ 

Kafir X White Feterita, waxy 

Texioca 54 (Waxy Kafir) _ 

Texas Combine Kafir 60 (waxy)„.. 
Sooner Milo, D,D. White (waxy). 

Texas Combine Kafir 60„ ■ 1 .. 

Texas Combine Kafir 60. 


of the raw yrain bc-twccn waxy and ncm-wwxy \arietics was 
lound except in the sugar content. The laitcr diifvTeiicc. 
which IS also found in a comparison of w.ixy and i-cguLir 
corn (8), re.sulted in consistently Jiigher )iehls of sieepinu 
solubles (steepwater) from the waxy Vpes. 

TIk regular or non-waxy varieties,' whicli inciiulevl two 
Mmpics each ot Martin Combine Milo, and Texas Combine 
^ihi 60 and one sample eadi ol Texas Combine K.ifir is-iT, 
Sliallu Redbine 66 and Double Dwari Stioner, iOn- 
.sistcntly higher shircli yield ilian the wax^- varieties The 
latter group included two samples of Waxr Combine' Kafir 
60 and one each of Texioca 3 j- (Wa.xy Combine K.uir v i). 
Double Dwarf Waxy White Sooner, and a selection out 
0 a Kafir X White I-eterita cro.ss. It is significant tli.it the 
ranges of stardi yield for die waxy and regular groups did 
not overlap. The major reason fur the lower starch yield 
irom the waxy varieties was (he higher yield of giuten 
caused by a gpter stardi content. Gluten from waxy vari- 

more Stardi 'which 

accounted for a.-f% more ot tlie whole kernel stardi than 
the average of the non-waxy varieties. It is believed that in 
commercial operation with centrifuges i'or .separation of st.ircli 
and gluten the recoi'ery of starch from waxy gf.ii,, .sorghum 
can be m.ide to approach that of the regular v.irieties The 
.sgnificantly lower protein content of the stardi from the 
vai^ varieties was particularly encouraging because of simi- 
larity with protein content of corn stardi 

dififerences were found in the fiber or germ 
ractiom between waxy and non-waxy varieties L'iber iVic- 
tron inc udes jx-ricarp, aleurone and iinmilled pieces of'endo- 

the fiber fraction is indicative of the completeness of the 

of th^kernef t of the hardnccss 

fiinrrc f !' ^^'Shlar statcli varieties the high 

the So cLI Katins; 

fik ? Combine Kafir 60 samples averaged 54.4% starch in 

Combine Kafir 54T contained 41.6%. These varie- 
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applied to several oi the starches listed in table 3.'' Tiie 
cornmerciai sample of Martin starch had a dominant waA?e 
leni^th ot 578 mii which was found to be characteristic of 
all. starches irom so i*ghunis having black plant color. Purity 
was 2.0% and luminous reflectance 95.6%. Texioa 54 starch 
had a dominant vvaselength of 571 mix w^hich was found 
to be diaracteristic of all starches prepared from varieties 
h:u iog tan plant color. Parity was 1.0% and luminous reflec- 
tance 98.2% indicating a very bright starch. Comparisons 
were made against C.I.E. Illuminant C. 

The results reported here are indicative of the progress 
that has been made in the commercial and experimental wet 
milling of gniin sorghum varieties. Much progress is still 
to be expected in the held of grain sorghum improvement 
As .new and promising varieties of grain sorghum ■ are devel- 
oped and old varieties improved, their early laboratory evalu- 
ation can lead to improved industrial utilizatioo of this 
imporiant crop. 

SUM.MARy 

The comniercia.1 wet milling of grain so.ighunV as a new 
raw maiL-rial :h>r startii production has Irad to overcome sev- 
eral problems resulting from properties of grain sorghum 
iiot conimt;)!! witli corn. Among tiiese pro|X‘rties are the 
small, round sliape *.>f th*.- keroei, the large ptoportion of 
hiH'ny cndo:>perin, a dtfnse j.x*ripheral endosperm layer, lower 
oil arhl liigher wax content., lack c>f Carotenoid pigim^ in 
the caulosperm anvl the piextiice of red and brown pigments 
in thi: pericaip. ConiiTxivial experience lias indicated the 
undesirability o( klcgari or otlier savieties that htive a pig- 
rnentCii, seed coal: (iiJidcrcoat') . Siift seeded ’o.trieries such as 
Plainsman and (iaprock h.Ue giwn starches of lower pro- 
tein content and low er hot paste \ iscosity while the more 
widely axailable, iiard seeded, jMartin variety has given starch 
of liigher prorein content and higher viscosity. In laboratory 
wet milling trials the xvaxy starch varieties differed from 
regular starch varieties mainly in giving a higher steeping 
solubics yield, Icm-er starch and higher gluten yields, and 

Smith, R. J., and Conway, T. F. Dry products color metimis. 
Unpub. ryp«>rt. Corn Products Ruhrun>» Co., Argo, 111. June 1954. 



a lower protein content in finished starch. Starch color vwis 
influenced by pericarp color and the presence of black ot 
purple pigments in the glume. Plants having black plant 
color produced pinkish starches while those lacking this 
pigment were yellowish. Color intensity was affected by 
pericarp colors brown, red, tan and white. 
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Testing For Combining Ability in Bromegrass 


R. P. Knowles' 


S INCE 1945 extensive use has been made of open-jiolli- 
nation progenies in the evaluation of .selections of vari- 
ous perennial grasses at the .Forage Crop.s Laboratory, Saska- 
toon, Saskatchewan. Open-pollination progenies have been 
used in preference to polycross progenies, as seed for testing 
could be obtained directly from the breeding nurseries or 
from replicated clonal nurseries. As isolation was disregarded 
and replication of clones limited, some doubt arises as to 
whether open-pollination progenies uniformly reflect the 

^ Cuntributiton of the Division (if Forage Crops, Experimental 
Farms Service, Canada Dept, of Agriculture. Rec. for publication 
July 24, 1954. 

“ Agricultural Research Officer in charge of grass breeding. 
Forage Crops Laboratory, Saskatoon, Saskatchewan, Canada. 


breeding \aliic of selccui.>ns. This paper reviews investiga- 
tions in bromegivLss bearing on the use of open-pollination 
progenies as a technique for tlie appraisal of selected plants 
entering the breeding program. 


LITERATURE 


Several studies with bromegricss have sh<,>w'a the relationship 
of open-pollination progenies to other types of progenies and 
parent clones. Knowles (5) found non>significant correlation coeffi- 
cients of 4*0.44 and 40.68 between forage yields of open-polli- 
nation progenies and controlled crosses. The regression of open- 
pollination progenies on parental done.s for forage yield wa.s 0,17. 
McDonald et aL (7) reported a highly signilicant correlation of 
-I-D.54 between parent and open-polHnation progenies as com- 
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pared to a non-significant correlation of +0.16 between parent 
clones and first gmeration inbred progenies. Regressions of open- 
poilination progenies on parents were 0,329 for yteid or 
0.323 for spread, and 0.433 for plant height Hawk and^ Wdsie 
(2) noted signi&ant positive correlations betwc^‘n the yields ot 
parents and open-pollination progenies. Regression analyses indi- 
cated 20 to 25% of the variability in forage yields of prugenjes 
attributable to parent clones. Hittle (3) observed the relationship 
between polycross progenies and parent clones. Doubling regres- 
sions of progenies on parents based on results of 2 years gave 
heritability values of 0.8 19 for plant height, 0.407 for hay vigw, 
and 0.564 for aftermath vigor. One year results gave heritability 
values of 0.960 for brown spot infection and 0.664 for spread. 
Wide fiducial limits accompanied the.se heritability values. ^ 

Open-pollination progenies, in the akwe studies were obtaintd 
from clonal or polycross nurseries with various numbers of repll' 
cations of clones. Hittle’"' found significant differences in the per- 
formances of polycross progenies according to the location of the 
clones in the poiycross nursery in which the seed %vas produced. 
Knowles C5) compared open-poUmation progenies grinvn fnm 
seed produced in different repikates of a clonal nursery. A sig- 
nificant strain X source of .seed interaction w^as observed for 
the creeping habit but none for forage yield. Wit (U)) reported 
that 40% of the fertilization of perennial fyegra.ss resulted from 
the pollination of tw'o adjacent clones. He concluded that open- 
pollination progenies from unrepl icated clones would gi vt* very 
unreliable information on the breeding potentialities c)f tlic mother 
clones. Gutierrez,^ using inbred lines of corn with marker g^nes, 
found that random puilination not ach the poiycross 

even when considerable replication of lines was provided. 

Little information has been accumulated in perennial forage crops 
on the yields of .synthetics as related to, previous tests of com- 
bining ability. Tysdal and Crandall (6) obtained yields of gv 
to 116% of checks for eight synthetics of alfalfa. Yields of the 
.synthetics were in good agreement with expectations fnurs pre- 
vious poiycross progeny tests. Gramxumn (1) found alfalf.i 
synthetics derived from as few as three clones to yield more in 
the first generation than synthetics containing from ftiur to six 
clones. In advanced generation of synthesis, liow’^ever, the yields 
of all synthetics, were at a common level little above that of the 
check variety.', ■ y, 

Johnson and Hoover (4) found first generation syntiietics of 
sweet clover to yield from 93 to l48% of the check \aricry. 
These yields were in good agreement with those expected on the 
basis of previous open-polUnation progeny tests. 

Weiss ef al. (9) did not observe any relation between number 
of plants entering synthetics of orchard grass and .subsequent yields 
of the.se synthetics. Yields in the .second generation of synthesis 
were on the average very similar to those of the syn-1. 

MATERIALS AND METHODS 


sistei of fhri-e. rows spaced I fi«u Aix-fcplicale ^ kthec 

dt.sfgns were empIt'jyC’d except in lest !■ wliciv' efuety tc|ciic 
were used. Scetl and forage- yields, were obtained lionr the .same 

plot .areas by -one, .t'uowsi a r art early niaf.unf.y stage. 

■Tests ■ 6. '7c -Sy "auil . '9 'were.' compatiMcns 
selfed progenies omd doncs paicn? phoils. ' Jspace rom; 

plots witb 'fcmr to six rcplkations, usc'if C,.k'mrs wa.-re ..raii- 

domized with progerdes .■ in test -6 'while m . tesl.s .ifu! 9 

clones were tested .in sepaiafe trsis .adiac-i'Ut to tests of ptr:*gr'nieso 
.in' tests B and '9 .forage 'yields were 'sigm'hcanfly. ro'rrthiicd mtb 
degree of creeping md wen* ivy ' €ov,in&nci:^ . 

for degree of ■ creeping.- 

; Yields for most tests were iiu- a 2-vi:ur: petuid. In .ufl 
forage and seed yields' were- reported ' ,is o* ihmv 01 

the northern commercial clKrck. 


EXPERIMENTAL lESIJiTS ' 

Combinlog Ability c»f Selected .Phimx m Slicm'fi 
h\ Open«p0lli.riatii)n Pritgeiiiets 

Tables I aiKi 2 mdicate 1 .!'ie'' .f.ura.g.L^ arid cee-d 
'Vieids -of O.P, . of' ’p.Li 0 r.s 01 ■ .I'troro.t 'gross SioU.'Ctt-p 

viaiaily , JO' sioghdplark,' niirserK:s 'lor gcK':sj' ,ind m.:d 

Iwbit. Sekxtkms" k'J inbred Hni's,. w'ct-i,: fforr'e hn-co thar \ud 
been selfeiiftar irani lour 'ter srts, '+t'ic.rat.roiis, 'Si'lrdic^ns .1 rri-yj 
\'arkties were I'rom both iioithwrn and' ^miluan vafH.trc's. -op 
bromegrass, 

'-Tables I and' 2 nhow n':iark.ed ■ efi lie re leads'- u'r dio orinHtre- 

ing ability ■o.i' hrmnegrass pjarirs 011. the, ibr 

erf- 'their: O.P, progenies, ■ feel .J, 'W'didr iTi.eoivetl rsidv. 

■ three 'rcpIseaikHiH^ liKoe ■'.ditlct.eiices.ovi.'ft' nm.: 'dgn 1 
yields oi' ' pritgeidcH- ..Hiicm-ed iiHiih" gr-cai.cr "rvirigi:" than did' 
forage. , yfolds.-. .Appareiirlyc the ■ j'x:?ssihil ' of. ..trnproeifrn-cm 
in ; seed product ion ■ are ' niudi' grea.! er ■ d"iaii in ., fes'.-Hliu , - : 

tion. : The frcc|uena- of pL-int.s witli ' gocri ■vir ' sKtd 

producing prcjgcnies' wets.- 'simiiar, 'in inbred arufoarf- 
edex. It would ;; appea.r that pLu'its, W'il'.]i' s'a|'x::r'.e'>r 'evetrldfidig- 
abiliry could be , isolated withouceK-ieie'Se. to inbreednigt Ay 
the 'average- 'forage yield of 0 ,P. j-'^ri+ci-ues' vcee hdim 
of the cwminerdal check, ihe siK:r;css 'cd' ' ioii'C'd - scl-L'i'Lirifi nr 
spviced-'plant ' Burscries wcis 'aiar Ah.i 'grcaf,. '.Pklcine''. plants. 
',afc 'randonv .might iKoe yieided as ;ma.i'n' rTiiit,s' ■w-:iih ''sii|:H:r?or': 
forage, production. ' For. .sera!, ' hi:iwaot;f,'' 'ibc,. vadd cn, 

.progenies 'Wcis, aHo\e^ ' dui ■' ,of the- ixnnmai'm - -d'ev'k. ■ ihie 


Throughout thi.s paper open-poUinatiem progenies shall he re- 
ferred to as O.P. progenies.^ From 1945 to 1953 ten yield trials 
were made of O.P. progenies of selected hromegrass plants. A 
total of 128 progenies of selections were tested. Plants fur the 
most part were selected from northern and southern varietic-s 
or strains which had undergone no previous ’ breeding. Howx-ver 
39 of the 56 progenies in test 1 were from inbred lines. Twelve 
of the 22 progenies entering test 7 were from plants with inbreetl- 
ing in their histories* 

For tests 1 and 6 the O.P. seed wcas harvested from unrepl i- 
cafed single plant selections growing in space-planted nurseries. 
In other ^ tests O.P. seed was obtained fre^m clonal nufserie.s with 
3-6 replications of clonal rows. No attempt was made to isolate 
uuf other fields or nurseries. Selfing was acconi- 

phshed by the use of parchment paper bags 3 by 12 inche.s. Con- 
trolled crosses were made by transferring panicles from pollen 
to isolation bags on seed parents in advance of flowering. 
Detached panicles were placed in vials of water throughout the 
flowering period and replaced with fresh panicles if wilting 
occurred* 

■ 9 were seeded tests of O.P. progenies 

fo give seed and forage yields under ordinary field- 
tj^c jplah t^ Plots in these trials were 3 by 20 feet and con- 

■ 'Utl^rez, Mario Gutierrez. Factors affecting randomness of 
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'indicating .j»ome:‘;wa''cs 'ydi-euni.: 

■ . Comparfcori of - ; , 

. . and -Tm-cfcM'^' c'',','.- 

TJnedest i>l:;rhc. rcTabihty bi.' CLP:- 'ac'-n'^iik 

: iT timibining.. 'abj|i,t:y ‘ti M .C'LF:. 

■ 'Oi ■ nine .- plants 'With iii'vcih'.fro’' the ' ;vsO'U;'- 'j'^lai'it'V.' - 

';Tpt-croNS,.'>iced' was obla j'xcllnfoirig-. 

; tester plants -w 4 ily'[X)lleiTf 'cacb 'of.',nriKi' sc lea 1.011 s; A '.'sis.'- - 
' replicate ':i:est with plots ■■oi !:i . spaced .pla'ni s ' was' : Yields ■ 
were based :pii,a' single :ai.t:tifig'dii'l'!'iec crop: year.’ ’He 
coriection, oi yields' . .lot degree. . of .: cTi;?c..|'rj[ng- W'js: made' ^ a.s.'-.\ 

■ ytmins. showed . wery'., inorjyirate ^creeping 'at tl'ie ' j'ir'sf ■ ' ■ -liarvcst , ^ 

, Table, 3 piesents correlation ccyefiicients' sliowiiig PiO' tekii ion :■ 
;k>f,aP*':;pipgeny';ykl'ds y.ie.ldsc^'^'''i' 

- ^irly:-: high,: -mr relations.:: ^ 

. . of : 0 .Pc : progenies and- test;,+'fosses : lor two., of llie . 'thre^e' Tester ' ' ' 
.'..plants:;:^ .well ^-'at;:for :,t!ie ^ aYmgc'. 

cCfQsse^ ,Tf . ;t^l<rpss:''perfoopiM^ can" ; cofisideicd :: 

a good mde^ of the genera! combining abilit? of selectioiH, 

; k -; :app<af ,^,.f roi^ ^ -Mili' .: trial ■■thal cCLF.c' pfOgfeo.ies ' : ■ Wrc": '. 
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Table I. — Forage yields of O.R progenies of selected plants of bromegrass. 


Test : 
No. 

! 

Source of selection 

! ■ , ”. ■ , 

Distribution of progaiy yields as percent of 
northern commercial check 

No. of 
selec- 
tions 

L.S.D, 

percent 

(P^O.Oo) 

i 

71-80 

■ , 1 

81-90 

91-400 

101- 

110 

111- 

120 

121- 

130 

A vg. 

1 

Inbred lines... : ; .. „ _ 

4 

14 . i 

11 

9 

1 


90. B 

39 

N.S. : - 

i 

Varieties ■.... 

— 

12 ! 

3 

'2 


■ 

90.0 

■■ 17 " 

" N.S., . 

2 

Varieties 

, — . 

— 

— „ 

12 

' 5 . : 

1 

109.8 

IS 

11 

B , . 

Varieties. C ^ : 


. — ■ 

6 

11 

5 


104.1 

■ '22 

8 


i 

■ i 

. 1 

4 

\;.26 ■ 

. 

20 

34 ■ 

■'ll -I 

1 

97.1 

96 

— : ' ■ 


Table 2. — Seed yields of O.P, progenies of selected plants of bromegrass» 


Test 

No. 

Source of selection 

■ 

Distribution of progeny yields as percent 
of northern commercial check 

s 

No. of 
selec- 
tions 

■L.S.D.;' 

percent 

(F-D.05) 

O-aO 

51400 

101-150 

lol"200 

201-250 

A%'g. 

1 i 

Inbred ime.s,., ., ■ : ! 

2 

16 

15 

4 

2 

105.7 

39 

N.S,: 

1 ' j 

Varieties _ „ 


7 

9 

1 

. 

104.6 

■ 17 

■N.S'.. ,. ■■ 

3 

Varieties ■., ... ... 


4 

15 

3 


122-,I 

,22- 

21 ■' ■ 

Totals and average ... : . 

. . 2 

i 

27 

39 

8 

9 ! 

110.1 

■-■■. 1 

78 

— 


Comparison of Opert-pol I ! nation Progenies 
■from Different Clonal Sources 

Another check ■ on the reliability of G.P. progenies con- ■ 
sisted of comparisons of duplicate- 0,P. ■■progenies 'arising 
from the use of O.P. seed of .different replica-tes of aoionai 
nursery. If replication in the poly cross or clonal nursery is 
important in assuring random pollination, then an inter- 
action ■ of 'O.P. ■ progenies and source of seed in the ' clonal. : 
nursery would be expected. Test 4 included the O.P. prog- 
enies of eight selections. For each selection, seed from rep- 
licate 1 of a replicated randomized donai nursery was used 
u> produce one O.P. progeny, and seed from replicute 2 
o( the di;>tul nursery teas used to pnxluce a secoixl O.P. 
progeny. 4‘esi s vvas a similar trial involving duplicate O.P. 
progenies of 12 selections, in both tests 4 and 5, variance 
.malyses of ha)* yields of 0,P. progenies showed significance 
(P r:” 0.01) for seiections but not for the sdetlrion X clonal 
source of seed interaction. 

In test 4 the O.P. progenies of eight clones in one repli- 
cate i.>f the donai nursery showed a correlation of + 0*^7 with 
the progenies derived from the same clones in the second 
replicate of the donai nursery. .For test 5 the O.P. progenies 
of 12 clones in one replicate of the clonal nursery gave a 
correlation of -fO.bO with O.P. progenie.s of the same 
clones growing in another replicate of the clonal nursery. 

Strains entering tests 4 and 5 also entered progeny tests 
2 and 3 which c^'ere seeded with, O.P. seed bulked from 
all replicates of dona! nurseries. Tests 2 and 3 were situ- 
ated in different field locations from tests 4 and 5 and 
were harvested to some extent for different years, A non- 
significant correlatioa coefficient of +0.63 was obtained 
w+cn average strain yields in test 4 w^ere compired with 
those in test 2. The comparison of tests 3 and 3 gave a 
significant correlation coefficient of +0,63. These tests indi- 
cate that considerable confidence may be attached to the 
performance of O.P. progenies grown from seed harvested 
from single plants or single donai rows. However^ for criti- 


Table S.-^Correlarion coeffidents showing the relationship of 
open-poilimtion progeny forage yields to test-cross 
yields for nine plants (Test 6), 


Comparison 

. . . . 

■ ■' 

Correlation j 

coefficient"' ."-I 

•' : .... '1 

O.P. progeny and cross with tester A_ .. .. .x .;. 

+0*63 1 

O.P. progeny and cross with tester 

+0.76* . S 

O.P, progeny and cross with tester C - - 

+0.81* 

O.P. progeny and average yield of A, B and 

. . : : f; 

..C crosses... ,, . ... .. _ ... 

I : +0.79* [ 


:: O.O.L 


SiiiiiificaiJi forrt^lation V 

cal comparisons, progenies gn>vvn Irom composite seed of 
two iU* more replications of clones in polyaoss or donai 
nurseries wi>uld seem preferable. 

Regressions of Progenies on Patents 

Regres.sions of jM’ogenics on parent: clones were determined 
for tile iinportant agronomic characters i)f iorage and seed 
production iukF degree of creeping. The degree of heritability 
i.s important in indicating the type of gene action responsible 
for various characters and the ck^gree of success w+ich might 
be expected to attend v^arious breeding procedures. Tabic 4 
presents regression coefficients for three characters of brome- 
■grass. ■■■ ■ 

Highest relationships between parents anrd progenies were 
noted for the creeping- rooted habit and lewdest relationships 
for seed production. Forage production showed an interme« 
diate position. It follows that heritability was high for the 
creeping habit, moderate for forage production, and low 
for seed production. Clonal nurseries would appear useful in 
breeding for habit of, creeping. For seed production, on 
the other hand, clonal perf^ormance would be expected to 
give meagre improvement, and progeny trials would be nee- 
es.sary to evaluate selections. Progeny tests also would be 
required in the evaluation of seled:ions for forage produC" 
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pared to a non- significant correlation of between parent 

clones anti first generation inbred progenies. Regressions of open - 
poijination progenies, on parents were 0.329 for yield of forage, 
0.323 for spread, and 0.433 for plant height. Hawk and Wilsie 
(2) noted significant positive correlations between the yields of 
parents and open-pollination progenies. Regression analyses indi- 
cated 20 to 25% of the variability in forage yields of progenip 
attributable to parent clones. Hittle (3) observed the relationship 
between polycross progenies and parent clones. Doubling regres- 
sions of progenies on parents based on results of 2 years gave 
hen'tability values of 0.819 for plant height, t).4()7 for hay vigor, 
and 0.564 for aftermath vigor. One year results gave heritabihty 
values of 0.960 ft^r brown spot infection and 0,664 for spread. 
Wide fiducial limits accompanied these heritability values. 

Open-pollination progenies in the above studies were obtained 
from clonal or polycross nurseries with various nunibers of repii- 
catioms of clone.s. Hittld' found significant differences in the per- 
formances of pulycross progenie.s according to the location of the 
clones in the polycross nursery* in which the seed was produced. 
Knowles (5) compared open-pollination progenies grown from 
seed produced in different replicates of a clonal nursery. A .sig- 
nificant strain X source of seed interaction w*as observed for 
the creeping habit but none for ftnage yield. Wit (10) repented 
that 40% of the fertilisation of perennial ryegrass resulted from 
the pollination of two adjacent clones. He concluded that open- 
pollination progenies from unreplicated clones would give very 
unreliable information on the breeding potentialities of the mtither 
clones. Gutierre^s;'^ using inhrtal lines td torn with marker genes, 
found that random pollination was not achieved in the polycross 
even when considerable replication of lines was provided. 

Little information has been accumulated in perennial forage crops 
tm the yields of synthetics as related to previous tests of com- 
bining ability. Tysdal and Crandall (6) t»btained yields of 87 
to Il6% of checks fin* eight synthetics of alfalfa. Yields of the 
synthetic.s were in good agreement with extx^tatiems from pre- 
vious polycross progeny tests. Graumann (1) found alfalfa 
.synthetics derived from us few as three clones to yield more in 
the first generation than synthetics contaitiing from four to six 
done.s. In advanced generation of synthesis, however, the yieUls 
of all .syntlietics were at a common level little above that of the 
check variety. 

Juhn.son and Hoover (4) found first generation syntlieticN of 
.sw^eet chjver to yield from 93 to 148% of the check vai-iety. 
These yields were in gi»od agreement with those expected tut the 
basis of previous open- pollination ptegeny tests. 

Weiss et ah (9) did nc^t observe any relation between number 
of plants entering .synthetics of orchard grass and .subsequent yields 
of the.se .synthetics. Yield.s in the second generation (»f synthesis 
were on the average very similar to those of the syn-l, 

MATERIALS AND METHODS 

Throughout this paper open-pollination prt>genies shall be re- 
ferred to a.s O.P. progenies. From 1945 to 1953 ten yield trials 
were made of O.P. progenies of selected hojincgrass plants. A 
total of 128 progenies of selections were tested. Plants Ltr tlie 
most part were selected from northern and southern varieties 
or strains which had undergone no previous" breeding. However 
39 of the 56 progenies in test I w^ere from inbred lines. Tw'civc 
of the 22 progenies entering test 7 w^ere from plants with inbreed- 
ing in their hi.storie.s. 

For tests 1 and 6 the O.P. seed wm.s* harvested from unrepli- 
cated single plant selections growing in space-planted nurserie.s. 
In other tests O.P. seed was obtained from clonal nurseries with 
3“H5 replkations, of clonal rows. No attempt was made to isolate 
clonal material from other fields or nurseries. Selfing was accom- 
plished by the use of parchment paper bags 3 by 12 inches. Con- 
trolled crosses were made by transferring panicles from pollen 
parents to isolation bags on seed parents in advance of flowering. 
Detached panicles were placed in vials of water throughout the 
flowering period and replaced with fresh panicles if wilting 
occurred* 

Tests 1, 2, 3, 4, 5, and 10 were seeded tests of O.P. progenies 
designed to give seed and forage yields under ordinary field- 
type planting. Plots, in these trials were 3 by 20 feet and con- 

r: • ^Gutierrez, Mario. Gutierrez. Factors affecting randomness of 
maUngTa .mlated polycross , plantin^^ of maize. UnpuR Ph.D. 
thesis. Iowa State College library, Ames-, Iowa. 1952. 


sisted of three , rows , spaced 1 foot apart. Six-replicate Tattke 
designs were employed' except in test 1 where three replications ■ 
were used. Seed and forage yields were cjbtained from the .same 
plot : areas' by one harvest' at an early seed maturity, stage. ■' 

Tests . 6, '7. 8, and 9 '^vere comparistms of O.P. pn^genies, 
selfed progenies and clones of parent planK, . Space-planted -rew 
■plots: with four to six replications were used. Clcutes w-ere ran- 
domized with progenies in ■ test 6' w'hiie in tests 7v. B, and AL 
dcuies were tested 'in separate tests adjacent to tests »>f progenies. 
In tests H and 9 forage yields were significantly correlated with 
degree of creeping and were corrected by cov.iriance analysis 
for degree of creeping. 

Yields for most tests were for a 2-year period. In_ all tests, 
forage and seed'yidds were reported 'as percentages of those of 
the northern coriimercial check, 

EXPERIMENTAL 'RESULTS. ■ 

Combining Ability of Selected .Fiaot.s as Shown' 
by Open-polHnatioa Progenies 

Tables I. and 2 indicate 'the- range of forage and seed 
yields of O.P. progenies of .plants of bromegriss selec'.ied 
visuaHy in single-plant nurseries fi>r \gckid ' forage and seed 
habit,. 'Selections- in . itibred lines were frcHTl lines that had 
- been selfed for 'from four 'to six.geiicralkms. Selections ir-oni 
varieties ^'cre from .botlt northern an i! southern varieties of' 
bromegrass. 

Talvles' 1 a'lid 2- shrnv .marked . dillerenvcs in thv‘ cornhiiv 
ing abilitv, of bromeg-rass ' plants iiie basis :of' the yields 
of Ihci.r 0„P. j:rri;g;eii'ie.se .For f ,. w.hic:h iin';olved only 
three. repiicarionsc 'tlK.'se differeria.-x wea: s.igsihicant. Seed 

yields of pri.igeiiies -.sliowcif rnuch'' greater 'range. 'than did 
forage yields. Apparently, . 1 he- .possibilities improvement: . 

. in' .seed prc'Kliiciiorr are- much great'cr .'tlwrf- in .forage pn:Klue- 
ikm. The frequency' - of p!ant,;-> 'wi.t:h good ' forage . or seed 
producing progenies was similar in inbred lines and vari- 
eties. Ir woulil appear that plants with superierr combining 
ability could be isolatc'd wilhoiit recourse to inbreeding. As 
the ■ aV'cntge . forage yield- of O.P. ’ progenies was below, tleit - 
of the cojumerciai check, the success of initial selection in 
spaced-plant nurseries ewes not great. Picking plants 
vit' -random.-'.: niiglit have yield ed as many - planrs 'cvi-th sup-erior 
forage production. Ifor seed, howewr, the average yield i4’ 
progenies was above that of the commercial dicvk, thus 
indicating some success in seleetitm, 

' ■ CfomjM'rison of Open-pollmation Progenies 
.and Test-erns-ses- 

One test of ihe reliabiliiy of O.P. progenies as itidicaivirs 
of combining ability was a comparison ai O.P. jTOgenies 
of nine pknts with test-crosses involving the same plants. 
Test-cross seed was obtained by pollinating three sdf-stcrile 
tester plants wilh pollen from each of nine selcctionis. A six- 
replicate test with plots of 1 1 spaced plants was used, AT'elds 
were based on a single cutting in the first: crop yea,i\ No 
c\)rrection of yields for degree of creeping was made as 
strains show^ed very moderate creeping at the first harvest. 
Table 3 presents correlation coefficients showing the relatit^n 
of O.P. progeny yields of selections to test-cross yields. 

Fairly high correlations were found betwetai the yields 
of O.P, progenies and test-crosses for tw'o of the three tester 
plants as well as ' for the average yield of the thrct2 test- 
aosses. If average test-cross performance can be considered 
a good index of the general combining ability of selections, 
it would appear from this trial that O.P. progenies wxtc 
moderately satisfactory for screening selected bromegrass 
plants. ' 
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Comparison of Open-pollination Progenies 
from Different Clonal Sources 

Another check on the reliability of O.P. progenies con- 
sisted of comparisons of duplicate O.P. progenies arising 
from the use of O.P. seed of different replicates of a clonal 
nursery. If replication in the polycross or clonal nursery is 
important in assuring random pollination, then an inter- 
action of O.P. progenies and source of seed in the clonal 
nursery would be expected. Test 4 included the O.P. prog- 
enies of eight selections. For each selection, seed from rep- 
licate 1 of a replicated randomized clonal nursery was used 
to produce one O.P. progeny, and seed from replicate 2 
of the clonal nursery was used to produce a second O.P. 
progeny. Test was a similar trial involving duplicate O.P. 
progenies of 12 selections. In both tests 4 and 5, variance 
analyses of hay yields of O.P. progenies showed significance 
(P zr 0.01) for selections but not for the selection X clonal 
source of seed Interaction. 


Table 3. — Correlation coefficients showing the relationship of 
open-pollination progeny forage yields to test-cross 
yields for nine plants (Test 6). 


Correlation 

Comparison coefficient 


cal comparisons, progenies grown from composite seed of 
two or more replications of clones in polyaoss or clonal 
nurseries would seem preferable. 

Regressions of Progenies on Parents 


O.P. progeny and cross with tester A +0.63 

O.P. progeny and cross with tester B -fO.76* 

O.P. progeny and cross with tester C +0. 81* 

O.P. progeny and average yield of A, B and 

C crosses. _ _ _ _ _ .. „ .. „ » +0 . 79 * 


Siiinificant iiorrehitimi P “ 0.05, 


In test 4 the O.P. progenies of eight clones in one repli- 
cate of the clonal nursery showed a correlation of +0.87 with 
the progenies derived from the same clones in the second 
replicate of the clonal nursery. For test 5 the O.P. progenies 
of 12 clones in one replicate of the clonal nursery gave a 
correlation of +0,60 with O.P. progenies of the same 
clones growing in another replicate of the clonal nursery. 
Strains entering tests 4 and 5 also entered progeny tests 
A 2 and 3 which were seeded with O.P. seed bulked from 

ail replicates of clonal nurseries. Tests 2 and 3 were situ- 
s ated in diiferent field locations from tests 4 and 5 and 

were harvested to some extent for different years. A non- 
significant correlation coefficient of +0.65 was obtained 
K when average strain yields in test 4 were compared with 

' those in test 2. The comparison of tests 5 and 3 gave a 

r significant correlation coefficient of +-0,65. These tests indi- 

; cate that considerable confidence may be attached to the 

; performance of O.P. progenies grown from seed harvested 

from single plants or single clonal rows. However, for criti- 


Regressions of progenies on parent clones were determined 
for the important agronomic characters of forage and seed 
production and' degree of creeping. The degree of herltabiiity 
is important in indicating the type of gene action responsible 
for various characters and the degree of success whidi might 
be expected to attend various breeding procedures. Table 4 
presents regression coefficients for three characters of brome- 
grass. 

Highest relationships between parents anrd progenies were 
noted for the creeping-rooted habit and lowest relationships 
for seed production. Forage production showed an interme- 
diate position. It follows that heritability was high for the 
creeping habit, moderate for forage production, and low 
for seed production. Clonal nurseries would appear useful in 
breeding for habit of, creeping. For seed production, on 
the other hand, clonal performance would be expected to 
give meagre improvement, and progeny trials would 'be nec- 
essary to evaluate selections. Progeny tests also would be 
required in the evaluation of selections for forage produc- 



18 


AGRONOMY ■ JOURNAL 



tion although crilicai clonal tests would yield some ini orma- 
tion on breeding value. Regressions noted here are in fair 
agreement with those reported by McDonald et d. (7) and 
Hittle (3) for bromegrass. 

Synthetics Formed on the Basis of Open-|K>ilination 
Progeny Performance 

Five synthetics of bromegrass were formed on the basis 
of O.P. progeny tests. These synthetics have thus far been 
tested only in the first generation of synthesis. Tabic 5 sum- 
marizes the results of synthetic performances. 

Considerable evidence for the success of selection is shown 
by the yields of synthetics particularly with respect to seed 
production. Synthetics C' 3 and C-20 were formed on the 
basis of a 3-repIicate test of O.P. progenies where the 
differences shown in forage and seed yields were not sig- 
nificant. Neither synthetic C- 3 or C-20 excelled the check 
in forage production but both did for seed production. Syn- 
thetic G2() contained the same four plants as synthetic C-3 
plus four additional plants with somewhat lower combining 
ability as shown by O.P. progeny tests. The use of the 
smaller number of plants in synthetic C-3 resulted in better 
fonige production but somewhat lower seed production than 
in C'20. Synthetics S-4088, S-4()91, and S-4092 were formed 
on the basis of more elaborate progeny testing. Two of these 
synthetics showed significant improvement over the check 
in both forage and .seed production. It is interesting to note 
that seed yields of synthetics generally were above those 
of ; Opea^poIIination progenies thus indicating a possible re- 
combination of good yielding factors from the selected dunes 
constituting them. 

V ; ' : y : ■ DISCUSSION , 

Gpen-paliination progenies appear to be a convenient and 
reasonably reliable type of progeny for the identification 
of superior plants of bromegrass. In these studies, open- 
poUination progenies of selected plants showed fair relation- 
ships to test-crosses with respect to forage production. High 
regressions of open-pollination pro^^ parents for 

certain diaracteristics such as the creeping rooted habit lend 
confidence in the ability of these pi*ogeifies to reflect parent 
characteristo. Superior first generation synthetics have been 
formed on the basis of qxai-pollination progeny testing. 

Open-poih4iation progenies in these tests generally were 
obtained from clonal nurseries with two to six replications 
of clones in randomized blocks. Although progenies grown 
from seed of different replicates correlated fairly well, the 
use of seed from at least three replicates of clonal nurseries 
would seem desirable. p:xtensi\'e replication of clones and 
isolation of clones as suggested for polycross nurseries (TO) 
would appear unnecessary in the jxoduction of seed for 
preliminar)^ progeny testing. Fairly strong winds during the 
pollination period are common at Saskatoon and niight‘"have 
provided more uniform pollination of selections than would 
occur in other areas. The average wind velocity at Saskatoon 
for the 7-day flowering period July 1 to July 7 for the years 
1944 to 1953 was 12.5 per hour.^ 

The heritability of various characters may be obtained by 
doubling regressions of open-pollination progenies on parent 
clones. Such a procedure is similar to doubling of iotra- 

Weather records. Department of Physics, University of Sas- 
katchewan. 


Table ‘L.-— “Regressions of progenies on parent chmes of hroine- 
grass for forage and seed yields and for creeping habit. 



No. of 
compar- 
isons 

1 

1 Regression of progeny on parent shown by 

Test No. i 

1 

1 O.P. 1 Tt>st-cro,ss j Self- 

1 progeny j progeny j progeny 


6 .,,. 

9.. 

2 and 9=^ „ 
8 and 10 


2 and' 9^ 
8 and 10 


9 

22 

15 

23 

22 

"9 


22 

22 

9 


Forage yields 


0.34*0.18 
. 21 * .12 
.12* .10 
.23* .12 
.33 * .09 
.25* .27 


Seed Yields 
0 - 11 * 0.10 1 - 

.08* .02 I - 

. 10 *. -.02 i 


0 . 29 * 0.19 


-0,14*0.20 
0.45* ' .04 


Degree of {.creeping 
0.45*0.07 i — 

.34* .13 I - - - 

'.62* .25 [ 


0.67 *4), 13 
.39* .16 


■ Clmifs grown as ‘-P'Ha'u plums and fcl*. piitunif. fn .-viUMlrd tri|>k* row 
plviis in iioinjiMrisowM nirwle in pjsdi.'r 

piunh'd condif 


'rahje 5.— A'ields of first geticraliun s>nthetics of broinegrass 
formed on the basis of open-(K>llinatJtrn progeny yields. 


’"'""i 

'Synthetic :. 

1”'"’- 

h 1 

|.' No. of J 
plants i 
(‘Ulering | 
synthetie j 

' 1 

1 ' ‘ 

'' ■ Synthetic i 

Avg. yield 
as p{»rcenl 
fjf c!u?c6v 

O.P. Progeny 
average 

j 


Forage yield 

i 106 ' : 

[ 

i, 1.08 

'C-20^ 

|. '8. 

94 1 

1 '106 ■ ■ 

S-4088 _ . 

'5 

. 112^ j 

1 113 

S-4091 i 

6 

, 112^ . 1 

i 115 

8-4092 

7 

110 j 

1 ill 

'C-3 ’ 

■ ■ 4 ■ i 

Seed yield 
156^ . 1 

143 

G-20 

8 ; 

■ 177* 1 

134 

B-40S8 

■ V, 5 ■ ■: 

: 174^" i 

■■133 

S-4091 . 

6 

1 , 144- .j 



',126 ^ 


^ SiKnificuntly alnwo th<V conimerdul dusk ( P 0 

sire correlations or regressions of daughter on dani suggested 
by Lush (6) for heritability dcterrninations in animals. It is 
avSsumed that In the formation of open-poilioatetl seed oi 
bromegrass, there wwid be uniformity of pollination of 
selections by a mass of field pollen. Heritability values for 
forage production on tlie basis of regression values noted 
in table 5 would range from 24 to 68%. Heritability’- of seed 
production would range from 11 to 22% and the creeping- 
rooted habit from 68 to 100%. High standard error values 
for^ regression coefficients limit the reliability of tlrese heri- 
tability determinations. Small amounts of seifing, character- 
istic of bromegrass, also may have exaggerated these heri- 
tability values. 

The performance of synthetics in these tests indicates that 
an improvement in the forage yields of bromegrass may 
be obtained consistent wfith gains noted in other forage 
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crops. Final evaluation of synthetics, however, must await 
the testing of synthetics in rnore advanced generations. The 
gain of 12% in forage yields for two synthetics is particu' 
iariy gratifying if coupled with other attributes such as high 
seed yields and disease resistance. A higher level of hay 
yields may be obtained by recurrent selection in present syn- 
thetics or progeny testing of a larger number of original 
selections. The growing of large source nurseries would 
seem unnecessar}- in view of the evidence in these studies 
that visual selection in the original nursery was not very 
successful. Rather, attention should be directed to progeny 
testing. 

Indications have been obtained that where as many as 
eight selections were included in synthetics that one or two 
selections were not performing satisfactorily. That is, syn- 
thetic seed from these selections gave rise to low yielding 
fjlants in comparison with plants grown from synthetic seed 
of other selections. Either these selections were showing a 
specific reaction in the synthetic or the original progeny 
tests were in error. Biimin.ating such plants from the syn- 
thetic should lead to better production of the synthetic. Since 
relatively small gains are to be expected in forage yields 
of synthetics, it is essential that good precision be maintained 
in progeny tests and tliat row spacings and methods of seed- 
ing conform to ordinary held conditions. 

Selhng does not appear necessary in a breeding program 
for bromegrass. In these studies the combining ability ratings 
of phenotypically selected plants in inbred lines (tables 1 
and 2) were not markedly higher than tliose of selected 
plants in commercial varieties. An additional test of com- 
bining ability involving 24 first generation inbred lines indi- 
cated a lower frequency of superior open-pollinated prog- 
enies of inbred lines than that found among open-pollination 
progenies of parents of the inbred lines. Sixteen plants chosen 
from among these 24 inbred lines on the basis of plant 
vigor and type showed no superiority in combining abilit)' 
over the original selections. Since bromegrass is low in self- 
fertiiity, a breeding program based on inbred lines also 
results in the discard of many plants which may have high 
combining abilit)'. No consistent relationship was found in 
these studies between self-fertility of parent clones and 
their combining ability. 

SUMMARY 

Results from ten tests of bromegrass progenies over the 
period 1945 to 1953 were reviewed to find the usefulness 


of open-poilinatioa progenies in assessing the combining 
ability of selected plants. 

Open-pollination progeny tests of selected plants from 
commercial varieties and strains indicated a moderate range 
for forage production and wide variability for seed produc- 
tion. A test of nine selections showed a correlation of -hO.79 
between forage yields of open-pollination progenies of selec- 
tions and the average forage yield of three test-crosses of 
selections. Open-pollination seed from clones growing in 
different nursery' positions gave progenies with rather similar ^ 
forage yields. Several first generation synthetics formed on 
the basis of open-pollination progeny performance showed 
significantly higher forage and seed yields than commercial 
check varieties. 

Regression of open-pollination progenies on parents var- 
ied from 0.12 to 0.34 for forage production, 0.08 to 0.11 
for seed production, and 0.34 to 0.62 i or degree of creeping 
rootedness. 
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Optimum Size of Sample for Hand Separation of Forage 
Crop Mixtures into Their Component Species 
in Small Plot Experiments' 


. R. G. Peterseii and D. S* Chaniblee^ 


I N SMALL plot experiments witli forage crop mixtures, 
it is often desirable to obtain an acLiirate estimate of the 
effect of treatment or environment on the botanical compo- 
sition of the mixture. AiliK^i\glvsevetui more rapid proce- 
dures have been proposed (4, 11) the most accurate estimate 
of botanical composition is obtained by hand separating a 
sample of the forage from the plot into its component species 
(1, 10). In addition, a sample must be hand separated it 
chemical analyses are to be rim on the individual species 
in the mixture. Since hand separation is an expensive pro- 
cedure, the sample to be analyzc^l shoidd be selected in a 
v'ay that provides tlie niaximum accuracy at a miniinurn cost. 

Much of the previems work on size of sampling unit in 
forage investigations has been concerned V’ith estimating tiic 
botanical composition of native ranges. PedKinec and his 
CO- WiH'kers (6, 7 ) have rather extensively iru'estigated sam- 
pling procedures for the botanical evaluation of range mix- 
tures. Their results, however, oire not directly applicable to 
small plot work. Sprague and Myers (10), evorking widf 
small plot experiments, concluded that a sample 2 mches 
wide and as long as the plot slKmld Ixvcd^ a 

random location in the plot. One- femrth of thef sample should 
then be liand separated to estimate the botanical composition 
of tiu: plot. They found that the accuracy i>f estimatiim 
was increased more by restricting die number of samples 
per plot to one and increasing the number of plots pir treat- 
ment than by increasing the sampling rate within the plot. 
However, costs were not considered in arrivdng at these 
eonciusions. 

Tlie yield of forage mixture.s in many small plot experi- 
ments is estimated from a strip clipped with a mower from 
the center oi the plot. This paper is concerncti watli deter- 
mining the sixe of subsample to be selected from thi.s yield- 
vStfip .sample to obtain an estimate of the botanical compo- 
sition of the plot. No attempt was made in this .stutly tii 
investigate plot size and shape, since this subject has received 
considerable attention from other Wiirkcrs (3, H, 9). 

MATERIALS AND METHODS 

Twi) forage crop experiments were used in this investigation; 
in one several rates of nitrogen were studied, and in the other 
vadous management practices. Both were uniformly seeded with 
a mixture of white clover, low^ hop clover, brome grass and 
orchard grass during the fall prior to this study. In the nitrogen 
experiment, certain of the plots had received nitrogen fertilizer, 
at rates of 0, 50, or 100 pounds of elemental nitrogen per acre, 
on March 15, 1945, 6 weeks before the plots were harvested. 

^ Contribution from the Department of Agronomy, North Caro- 
lina Agx. Exp. Sta., Raleigh, N. C„ published with the approval 
of the director as Paper 455 of the Journal series. Rec, for pub- 
lication Dec. 26, 1952; resubmitted July 19, 1954. 

^Assistant Statistician, Department of Experimental Statistics, 
and Associate Professor of Agronomy, Department of Agronomy, 

„ North Carolina State College, Raleigh, N. C. The authors wish 
to express their appreciation to J. A. Rigney, Head of Depart- 
ment of Experimental Statistics, North Carolina State College, for 
hiS help during the investigation and in the preparation of this 
' -manuscript:.-, , 'c ' 


In the management experiment, no supplenienlal fertilizer had been 
applied but certain plots bad been harvested I month prior to 
the clipping used for this study. 

The individiiaLplots in both experiments, w'^ere 5 by^ 2'5 feet 
. ia size, and a yield-strip sample 2 feet wide and "23 feet long 
was' cut from tlie .center of each plo,t wdth a skkie-lw power 
mower. The fresh herbage .from this strip was immediately raked, 
bagged and brought into ' the iaboratcuy where green w^eights 
were recorded and raiidcwn subsamples rafcen for hand s-eparation. 
Each suhsample was weighed 'to insure that ■ all would contain 
the same quantity of fresh herbage. 

In the nitrogen experiment, consisting of 12 plots, Eve sub- 
samples, each containing 20^J. of the total herbage, were chosen 
at randiHu Ltuu seven of the \ield-strip samples, while four sub- 
samples, each Containing iOS of the total herbage, were taken 
from the remaining 35 pka samples. In tht‘ management experi- 
ment, consisting of 21 plots, h)ur suhsainple.s were ran- 

domly drawn from each >ield-strip sample. Each subsample was 
hand separated fOtc» its roenponent sjh-v ies and these <omptments 
were oven dried, 'lire average weight of the yield-strip samples 
for the nilriJgen and management experiments w^as approximately 
33 'I. grams »>f oven-dry forage, Tlie weight each species was 
then expressed as a percent the UUal div weight tit the 
subsample. ■ 

Statistical Theory and Methods 

The underlying principle involved in estimating the 
optimum size <ff subsample is that of minimizing the Uital cost 
for a given \ariant.c or, alternatively, minimizing the variance for 
a given cost. With the sub.sampUng procedure used in this study 
the variance, Yx, of a species mean (on a per subsample basis) 
is given by 


■ 4 “ * 


[ 1 ] 


in which 

is the species variatiitn between plots (yield-strip SHimples) 
treated .alike; . ^ 

is the species variation from subsample to subsample within 
a plot (yield-strip sample); 

r is the number of plots per treatment; 
s is the number of unit subsamples |xa' plot. 

The u»tal ct^st, CC, of obtaining an estimate of the botanieai tom- 
pt^sition tif the plots from a particular treatment at a single harvest 
may be expressed as 

Q = rC,. -p rsC. 


m 


where 


Cr is the cost per plot if no subsamples are hand separated; 

Cs is the cost of sdtxting and hand separating a unit subsample. 
When the variance is of the form given by [1] and the total 
cost is described by [2] it can be shemm (5) that the total cost 
cvill be a minimum if the number of unit subsamples is such that 


Sopt. 


[3] 


where Sopt. i.s the optimum subsampling rate, regardless of the 
number of plots per treatn^ent. 

Mc/^c>is(j.-~--Esti mates of the species variation between plots 
toted alike, and of the variation between subsamples within 
yield-strip samples, k, w^ere obtained from the analyses of vari- 
ance of the experimental data. An example of the type of analysis 
used for these experiments is showm in table 1. 

Since the weight of each species was expressed as a percent 
of the subsample weight, there is no variation between treatments, 
between plots within treatments, nor between subsampies within 
plots. Hence the corresponding mean squares are zero. 
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Table L — ^Analysts of variance of botanical composition of management experiment using four 10% subsamples per plot. 


Source 

d. f. 

M. S. 

■ 

Mean square is an 
estimate of 

Between management treatments _ _ _ „ „ e. ^ „ . 

6 

0 


Between plots within treatments „ „ „ - „ . . .. .. - _ 

14 

0 


Between subsamples within plots „ „ .. „ - _ _ ^ _ 

9 

0 


Between species.. _ „ „ _ .. 

4 

15,511.41 

268.69 

1 . 

Species X treatments, 

4 


Species X plots within treatments _ . c - 

56 

190.69 

(M. S.) * B+S<r - r 

(M. S.), = <r^. 

Species X subsamples within plots _ „ „ ^ __ .. - 

252 ' 

19.93 1 



Table 2. — Average botanical composition expressed as a percent of the total dry weight of the subsample. 


Experiment 

White 

Low hop 

Brome 

Orchard 

: 

Weeds ; : 


clover 

clover 

grass 

i , , ' grass 

1 

Rate of N (10 % subsamples’) _ - - _ 

34.0 

26.3 

4.5 

24.8 

10. 4-'- 

Rate of N (20 % subsamples) .. .. . _ . „ _ - - .. ... — 

36.2 

23.9 

4.7 

25.4 

9.7 ^ 

Management (10% subsamples).. 

32.6 

29.5 

1.9 

9.2 

26.8 


The variance components for each set of sampling conditions Table 3.— Estimates of plot to plot variation, and 

were computed from the relation.ships given in table 1. That is subsample of subsample variation, <^'h. 



= (M.S.)s 


_ (M.S.).~-~(M.S.)s 

O y ; , 

■ S' 


The cost of preparing the seed-bed, fertilizing, seeding and 
harvesting each of these experiments was estimated by considering 
the number of man-hours required for each operation and the 
cost of seed and fertilizer. From these estimates the average cost, 
Cr, of obtaining a yield-strip sample at a single harvest was deter- 
mined. Records were kept of the time required to select and 
hand separate each subsample. The average cost, Cs, associated 
with hand separating a subsample was obtained from these records. 

RESULTS 


The average botanical composition of each of the experi- 
ments is shown in table 2. It will be noted that the legumes 
comprised about 60% of the total herbage of the plot, 
although this value varied between 44 and 78%. The nitro- 
gen experiment yielded an average of 692 pounds of dry 
herbage per acre, and the management experiment yielded 
an average of 691 pounds of dry herbage per acre at this 
harvest. 

Since the purpose of botanical analysis is to determine 
the relative proportion of each species regardless of the 
total - plot yield, it is, convenient: to .express the yield, of 
each species as a percent of the total yield of forage. This 
was done in this investigation and an analysis of variance 
was am on these percentage values. Although there is a 
slight tendency for the variation of the percentages near 
50% to be greater than that for the percentages near 0% 
and 100%‘, an examination of the data indicated no serious 
correlation between variances and means, consequently no 
transformation was used. 

Estimates of the species variation between plots treated 
alike, cr-r» <^f tbe species variation from subsample to 
subsample within a plot, were obtained for each of the 
three sets of sampling conditions represented by the experi- 
mental data. These estimates are given in table 3. 

Each of the subsamples drawn from the yield-strip sample 
represented a relatively large proportion of the herbage in 
the sample. It was drought advisaUe, therefore, to determine 


Experiment 

O'-,. 

0" ’’ S 

Rate of N (10% subsamples ) :.. , 

49.03 

42.59 

42.69 

17.89 

11.47 

19.93 

Rate of N (20% subsamples) _ . _ . 1 

Management ( 10 % subsamples) _ . 


whether correcting for sampling from a finite popuiation 
wmuld appreciably affect the variance of a species mean. 
There was little difference between the corrected and the 
uncorrected values, however, and the correction was not 
used in obtaining the variances given in this paper. 

From records kept during the course of investigation, it 
was estimated that the cost, Cj., associated wdth producing 
a plot aiuf obtaining a yield-sM^^ sample at the single har- 
vest W'as approximately $1.50. Similarly the cost, Cg, of 
selecting and hvand-separating a subsample containing 10% 
of the forage from the yield-strip %vas estimated to be approxi- 
mately $0.50. 

Using the above values for Cj. and Gj^ and the estimates 
of the variance components given in table 3, the optimum 
size of subsample j Sopt.j was determined from the relationship 
given previously {3},vfhat is 


For example, using the data from the imnagmicnt experi- 
ment, the optimum subsampling rate is 


*opf , 


/ (1.50) (19.93) 
y (0.50) (42.69) 


^Opt 


, x: 1.18 subsampiing units 


^opt. 


11.8% of the yield-strip sample. 


Similarly, using the 10% subsample data from the nitrogen 
experiment, the optimum subsample size was found to be 
10.2% of ,tiie yield-strip sample, while the optimum size 
was found to be 12.7% using tlie 20% subsample data 
from the same experiment. 
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It is interesting to note the variation in the total cost 
when a size of siibsampic other than the optimum is used. 
The variance of a species mean, the cost, Q? of 

obtaining an estimate of the botanical composition at a 
single har\'est were computed for the case where the number 
of "plots, or replications, per treatment is restricted to one 
(r.f. equations [1} and [2] ). These values are sliown in 
table 4. On considering ecjuations [1] and [2] it will be seen 
that the variance, or the cost, Qu under increased rq:>Ii» 
cation may be obtained by multiplying the appropriate item 
in table 4 by the number of replications under consideration. 

It is apparent that as the size of siibsaniple is increased, 
the variance decreases at a decreasing rate while the total 
cost increases at an increasing rate. If we define '’amount 
of information” as the reciprocal of the variance (2) then 
the cost per unit of information, Ci, may be obtained as 
the product of the \ariance and the total cost. Cj was com- 
puted for each subsampie size included in table 4. It will 
be noted that the u.ist per unit information is a minimum 
at the optimum sampling rate. In addition it is dear that 
the cost per unit of information, hence the cost of attain-' 
ing a given degree of accuracy^, is increased as the subsampie 
size is made larger or smaller than the optimum. 

The nimiber of replicatiiwis and the size of subsampie 
necessary to estimate a species mean within a given Ic\el 
of accuracy were also computed. These results, based on the 
average variance of the two experiments used for this study, 
are presented in table 5 along with iheLtcvlal cost of obtain-- 
ing a given le^'cI of accuracy under each sampling procedure. 

Tor each level of accuracy, there is a iriihiinuinv 
of replications below which the desired levcd caonot be 
attained even if the entire yield-strip is hand separated. The 
results presented in table 5 indicate that at each level of 
accuracy the total cost approaches a minimum as the sob- 
sample size approaches the calculated optimum of 11. 1 L/? 
of the yield-strip sample. Table 3 also gives an indication of 
the change in the accuraq?- of estimating a species mean as the 
size of subsample is changed. For example, in an experi- 
ment with four replications, the level of accuracy may be 
dianged from lO.OOO^ to 7.50^^ by increasing the sul> 
sample size from 4 Ur? to of the yield-strip sample. It 
.should be pointed out, however, that this reduction in error 
is limited by the variation between replications. In addition 
there is a disproportionate increase in total axst as the sub» 
sample size is increased. 

DISCUSSION 

The sampling problem presented in this paper is one 
example of a numoer of similar problems often encountered 
in experimental work. Many other investigations, such as 
fertility studies, require sampling in the field and sub- 
sampling in the laboratory to obtain an estimate of some 
treatment effect. In studies of this type the variance of a 
treatment mean and the cost of obtaining the estimate of the 
mean often take the same mathematical form as those used 
in this paper. When such is the case the optimum number 
of subsampies may be determined from the equation {3} 
given previously. It is advisable, therefore, to conduct the 
preliminary stages of sucli an investigation in such a way 
as to obtain estimates of the variation, between samples 
treated alike, the variation, cr^g, between subsamples within 
^ sample, and the costs associated with samples, C,., and 
:sub$ampk$, Cg, 


lable 4.— Variance of a species mean, njtai cost, Cx4t 
and cost per unit €>£ information, Ci,$ using i>ne 
re|dkation and varving subsampie sizes. 


Sub" 

Baniple 

size 

of 

sample) 

Total 

cost 

c.« 

Source of Data 

IVdtii of nitrogen experiment 

Management 

10% 

Subsampl(‘s 

20',', 

Subsamples 

10^7 

Subsampies 


Cl 

Vx 

c, 

Vi 

Cl 

5 

$1.75 

84.91 

149 

88.47 

155 

82.55 

144 

10 

2.00 

66.91 

1S4 

65.. 53 

ISl 

62.62 

125 

20.... 

2.50 ' 

57.89 

145 

54.06 

iS5' 

5S.66 

ISS 

40... 

i.S.50 

53.51 

lv87 

48. as 

169 

47.638 

167 

80 

5 , 50 

51.27 

282 

45.46 

250 

45.19 

249 

100..,. 

6.50 

,50.82 

nm 

44 . 88 

292 

44.68 

290 


tC^:™rC;-Fr5C, 

|C^'rr:CV")CCp 


lable. 5.— Numl>er of replications and size of subsampie neces- 
,sary for given level i>f accuracy, and total emt^ 

Ca, b>' each prinredure. 


Fan'' el r)f ac'curaey* 



Number 

Size of 

44>tal 

(as % of the sub- ■ 

of repli- 

subsampk* 

cost 

sam.ide dry weight) ■ 

eations 

<%.i 

€x 

* 5.00..' - V-. .; ...' 

4 7". 

Impt 

ssible 


■ 'S' 

' ' 50 ' 

$ 34.00 


9 ■■ 

19 

■ 22,00 


10 

12 

21.00 


■ : 1.1 

.8 ■ 

21.00 


12 : 

;7 

22.00 

6 .25_, .... .... .. „ - „ 

■4 ■ 

Impossible 


■ .5 

72- 

$25.50 


6 

15 

1 13.50 


■7 

9 

13.00 


■■ 8 ' 

6 

14.50 

=k 7.50_ 

a. ' 

Impossihle 


4 .; 

19 

$10.00 


5 ■ i 

8 

9.50 


6 . 

5 : 

10.50 

=•= 8.70,- . ... 

■9 

Imimssihle 


a 

17 

$ 7.00 


r' '■ ■■ .4 

6- 

■ .7.5(1 


P-. 

4 ' 

■ '8. 50' 

*10.00 

1 

Impossible . 


. *? - 

. 50'. 

$ 8.00 



7 . 

: 5.50 


4;," 

4 

T.OO 


* ContidMa:e probability 0.45. 


If estimates of the variance ratio and of the cost ratio 
are available from preliminary work or ptisr experience, the 
optimum number of subsampies in future work may be 
obtained from table 6. 

When it is passible, as It was in this study, to vary the 
size of subsampie, the entries in table 6 may be used as 
factors for converting from the size of subsampie used in 
obtaining the variance ratio to the optimum suhsample size. 

Suppose, ^ for example, that the results from a previous 
experiment indicate that the variation between samples treated 
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Table 6. — Optimum number of subsamples for different cost 
and variance ratios. 


Cost Ratio (- — ■'l 

\c,/ 

” r\ 

Variance Ratio 1 I 


0.25 

0,50 

1.00 

2.00 

4.00 

0.25 

1.00 

0.71 

0.50 

0.35 

0.25 

0.50_.- 

1.41 

1.00 

0.71 

0.50 

0.35 

1.00. 

2.00 

1.01 

1.00 

0.71 

0.50 

2.00_. 

2.83 

2.00 

1.41 

1.00 

0.71 

4.00.. 

4.00 

2.83 

2.00 

1,41 

1.00 


alike, is about the same as the variation between sub- 
samples witliin a sample, cr“s, but that the cost associated 
with each sample, Cj., is approximately four times the cost 
per subsample, Cg. Then, from table 6, -the most efficient 
subsampling rate in future work is two times the rate used 
in the previous investigation. That is, in future work twice 
as many subsamples, or a subsample twice as large, should 
be taken. It is readily apparent from table 6 that as 4he 
relative cost, dissociated with the subsample deaeases, 
or the relative variation between samples treated alike, 
decreases, the optimum subsampling rate increases. 

SUMMARY AND CONCLUSIONS 

The botanicaL composition of two experiments uniformly 
seeded to white clover, low hop clover, brome grass and 
orchardgrass was estimated by hand separating subsamples 
of tlie fresh forage from the yield -strip sample. The varia- 
tion berijv^een subsamples within plots and the variation 
between plots treated alike was estimated. 

The most efficient size of subsample, s^pt., was estimated 
using the following relationship between costs and variance 
components: 


With tile plot she (5 ft. by 25 ft) used in this study 
the most efficient size of subsample for estimating botanical 
composition by hand separation found to be approxi- 
mately 10% of a yield-strip sample 2 feet wide and 23 
feet long. 

Data are presented showing the size of subsample required 
to obtain various levels of accuracy wdth varying numbers 
of replications when cost is not considered; The estimation 
of optimmii subsampling rate is disaissed with respect to 
experimental procedures in general. 
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The Role of Honey Bees in Cotton Pollination^ 

S. E. McGregor, Claude Rhyne, Smith Worley, Jr., and F. E. Todd- 


M ost cotton breeders recognize the bumble bee (Bombus 
spp.) as one of the most important insects in the 
cross-pollination of cotton (9), but they also consider the 
honey bee (Apis mellifera ’LS) as highly important (1, p. 
254), (2, p. 117), (3), (6, p. 37), (10), (11). The polli- 
nating activity of honey bees is commonly used to increase 
the production of seed in such crops as alfalfa and the 
clovers. This usage of honey bees seems feasible for cotton 
if beneficial effects of pollination result from bee activity. 

Meade (10) showed that thorough hand pollination caused 
11% more bolls to set on Durango and 5% more on Acala 

^Rec. for publication July 26, 1954. 

^ Entomology Research Branch, A.R.S., U.S.D.A.; Field Crops 
Research Branch, A.R.S., U.S.D.A.; Arizona Agr. Exp. Sta., and 
Entomology Research Branch, A.R.S., U.S.D.A., respectively. 


cotton than did natural pollination. Kearney (5, p. 50) 
found no difference between natural and hand pollination 
in either boll set or seed production on Pima cotton in an 
area where insect pollinators were abundant. In another area 
where they were scarce, artificial pollination caused a 7.7% 
increase in the number of matured bolls and 2.9% in the 
number of seeds per boll, whidi suggested that a substan- 
tially greater crop might be expected if bees were abundant. 
Meade (10) also suggested that beekeeping might inaease 
cotton yields. 

Hybrid vigor, whether defined as an excess production 
of a hybrid over its better parent or over a standard com- 
mercial variety, was shown to exist in Upland cotton by 
Kime and Tilley (8), Simpson (11), Turner (12), and 
others. Cook (4), Kearney (6), and Ware (13) also indi- 
cated that hybrid vigor in '%brid^ mf Upland and 
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Table 1.— Hybrids of cotton detected vis a result of bee activity in cages and open pitns, Tucson, Ari?:., r)52. 


Pistillate parent 


Percent of hybrids detected in: — 


— 1 

'! 

Goasyiit iini spi*ck.*s 

Variety 


1. 

: W] 


A-44 


. ... i 


Red Acala 

Virescent Yellow Okra Leaf. .. 
Kime Yellow 


1 

1 

f 

1 ■ 

Mrsuttm/harhmlenne 

Red Aeala_ _ . . 

PimaS-i_- 


1 

1 

1 

harhademe 

Pima S-,I - - . 

i Red 


: 1 

i 


Cages 

Cage^s 



ith bees 

without bees 

open 

plot 

•i.vU 


0 

84 

44.09 

2.47" 

48 

62 



4K 

}>7 

26.79 

j 0.80* 

M, 

.62 

30.06 

1 0 

I 


1.76 

1 0 i 

1 


0.62 

i « 

0. 

.71 


* MeHsxodt's spp. <^mprKed from the soil anti 
t Dashes C — ) indicate no datvi taken. 


vi'-ited fltmera Isefore ihtiv were dijctivenni and reniovetl. 


Pima cotton. Worley'* showed that hand crosS'pollinalion 
methods are too expensive for obtaining large quantities ol 
seed. The practical use of this potential hybrid vigor in cotton 
depends, therefore, on the production of more iiber of good 
quality and, according to Loden and Richmond (9), on the 
development of methods of economically producing siiih- 
dent amounts of seed for the farmer’s needs. A picssihle 
solution to this secd»production problem, if hooey bees are 
effective, is to concenfcrvite sufficient colonies of honey bees 
within the field to obtain the adec|Uvitc‘ cnvss-paliination. 

EXPERIMENTAL PROCEDURE 

In 1932 an experiment was conducted to determine ihe 
effect of honey bees on the total production of cotton within 
a variety, and on the production of hybrid seeds. Twcnl}^ 
plots, each containing 60 cotton plants, were located in a 
field of cotton at Tucson, Arix. Plastic screen cages, 12 b}' 
24 by 6 feet, were maintained over certain plots throughout 
the flowering period. Bees W’ere excluded from some of these 
cages , and a colony of honey bees was placed in others. 
The colonics contained approximately 20,000 bees each but 
sieldom more than 100 were actively visiting the cotton 
flowers. The number of colonics per acre necessaiy to simu- 
late this Siituration is presently unknown. These caged plots 
were compared with similar open plots exposed to chance 
pollination. Within each Gossyp/z/m hh'sntum plot there 
were four varieties, including the commercial variety A-4-i, 
All other plots contained two varic?tie.s, including the com- 
mercial variety Pima S-1. A-44 and Pima S-1 were harvested 
for yield data. The other varieties (.see table 1) served as 
indicators of hybridization between varieties as well as be- 

Worley, Smith, Jr. Evaluation of m interspecific cotton hybrid 
(Gossypium barhademe X G, hirsuium). Master’s thesis, Univer- 
sity of Arizona, Tucson, 1953. 


tween die species. Ojsen j'^lors of G, were sur- 

rounded by Se\'er.il rows oi A-H cotton, .md open plots tit 
G. kirkk/v}i\-c by rows of 'Pi mu S-i. 

RESULTS 

Plant grimth and fruiting were satislaUorv widiin thv 
cages arul tin? caged bees \isiteil die blossoms eagerly. lAfals 
of (t. hk.uiiNm collnn flowers visited by bees began U> turn 
pink and wither tsy midafternoon on the day of iioui.ring 
and would often shed before noon of the following day. 
In the cages without !>ees G. hksauiw flower petals reoiainLii 
white thrtjughout the ^iay of opening, fumed red and wirliered 
the secoHii day, and tlropped off the third or fourth ilay. 
Similar color dunges anti shedding were observed for Pima 


Pinu S-1 cotton in cages expo.sed to bee pollinacion 
2-1.5 5'c more .seed -cotton than that in cages excluding polli- 
nating insects. This increase in yield was .significant and 
was caused by a highly .significant increase in the weight 
of the bolls, seed and lint, and in tlie number of seeds 
per boll (see table 2), and by less shedding of fruit. Weight 
of lint per individual seed was unaffected by bee activiiv. 

There \\’as no increase in the total yield of A-d t cottt>n 
in this experiment, but the bees did cause an earlier crop 
to .set. In the cages with lxx‘S, <ff the total crop was 

harve.sted at the first picking on Od. UK whereas 70.0G 
was harvested in the cages without bees. Thtesu percentages 
compare with 51.H ^•s. 45.7^7, obtained in oilier similar 
experiments on A-3,^ in 1951, and 64.5 vs. 33. on 
A-44 in 193:L The earlier bolls in the cages with bees. 

harvested on Sept. 19, were larger— 8.20 gm. per hull as 

compared with 7.88 gm. in tlie cages wfithout bees, and 
with more seeds per boll, 36.2 \*s. 34.6. Later in the season, 
Oct. 30, the trend changed to smaller bolls in the cages 


Table 2.*— -Size of bolls and production of Fima S-1 cotton in cages with and without bees. Tucson, Ariz., 1952. 


Treatment 

Pounds of 
lint per 
j ■ acre ■; ■ ' 

Number of 1 
seeds per 
boll 

Grams per boll 

' Grams of 
lint per 
100 seed 

Seed 

Lint 

With bees.. .: 

405 

22.7 

2.85 

1.37 

6.0 

Withojit bees ■. ' 

324 

20.0 

2.65 

1.24 

6.0 

Difference required for significance at 6% level 

78.2 

0,79 

0.08 

0.07 ! 

.. — 
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witli bees— 6.7 vs. 7.8 gm. per boll, with fewer seeds per 
boll, 34.0 vs. 39.1. Early production is usually considered 
desirable. 

DISCUSSION AND SUMMARY 

The hybrids detected in the different treatments are shown 
in table 1. Much of the pollen transferred as a result of bee 
activity doubtless represented visitation between flowers of 
similar genetic make-up, which was not detectable as cross- 
pollination. Furthermore, genetic markers are often defective, 
which might be reflected in the crossing obtained, The 
amount of crossing obtained in the U. cages with 

bees compares favorably with that obtained in the open, an 
indication that the honey bee can affect cross-pollination in 
cotton. In the open plots Melmodes spp. (Apldae, Hyme- 
nopitera) were the predominant pollinators visiting the cot- 
ton flowers. There were about It) times as many lowers ot 
A-44 as of the other genetic nwkers in the G: hh'sutum 
cages and there were still more A-44 flowers in the open. 
A-44 is a weli-adapted commercial variety which produces 
iiormaT flowers and normal pioilen most of the season. The 
percentage of hybrids obtained reflects these factors. 

Kearney and Harrison (7) showed that stigmas of Upland 
and Pima were highly selective for self pollen. In the 
G, hhsulmn-G. barbadense plots with bees, there were ap- 
proximately equal numbers of Red Acala (Upland) and 
Pima S-1 flowers. Few hybrids developed from Pima S-1 
plants in these cages, but Red Acala plants produced more 
than 30% of hybrids. 

\xx G. hirbadense plots, flowers of tlie Red variety 
developed so late that few bolls matured. This late flower- 
ing pirobably accounts for the low percentage of hybrids 
obtained. 


In this experiment honey bees were effective agents in 
the p)ollination of cotton. They increased the piroduction of 
Pima S-1, and caused an earlier crop on A-44 and sub- 
stantial hybridisation between varieties. The inference may 
be drawn, therefore, that in the open field with ample pol- 
lination by honey bees similar results should be expected. 

LITERATURE CITED 

1. Alcard, H. a. Preliminary observations concerning natural 

crossing in cotton. Amer. Breeders Mag. 1:247. 19U). 

2. Balls, W. L. The cotton plant in Egypt. 202 pp. McMillan 

Co., London., 1912. 

3. Brown, H. B. Viemism oiv natural crossing in cotton. Miss. 

Agr. Exp. Sta. Tech. Bui. 13. L927. 

4. Cook, O. F. Suppressed and intensified characters in cotton 

hybrids. U. S. Bur. Plant Indus. Bui. l47. 1909. 

5. Kearney, T. H. Self-fertilization and cross-fertilization in 

Pima cotton. U, S. Dept. Agr. Bid. 1134. 1923. 

5 ^ — ^ Segregation and correlation of characters in an 

LTpland-Egyptian cotton hybrid, U. S. Dept. Agr. Bui. 
1164. 1925. 

7. Kearney, T. H,, and FIarrison, G. J. Selective fertilization 

in cotton. Jour. Agr, Res. 27:329. 1924. 

8. Kime, P. H,, and Tilley, R, H. Hybrid vigor in LFpiand 

cotton. Jour. Amer. Soc. Agron. 39:308, 1947. 

9. Loden, H. D., and Richmond, T. R. Hybrid vigor in cotton — 

cytogenetic aspects and practical applications. Econ Bot. 
5:387. 1951. 

10. Meade, R. M. Beekeeping may increase cotton crop. Jour, 

Hered. 9:282. 1918. 

11. Simpson, D. M. Hybrid vigor from natural crossing for im- 

proving cotton production. Jour. Amer. Soc. Agron. 40:970. 

■■ .1948.- . ' 

12. Turner, J. H., Jr. Diflferential response of cotton varieties 

to natural crossings. Agron. Jour. 45:246. 1953. 

13. Ware, J. O. Cotton breeding, spacing, and variety studies. 

Ark. Agr, Exp. Sta. Bill. 268. 1931. 


Effectiveness and Recovery of Initial and Subsequent Fertilizer 
Applications on Oats and the Succeeding Meadows' 

George Stanford, John Hatiway, <mdH. R.Meldrum“ 


I N THE midwestern states, it generally has been considered 
advisable, when fertilizing small grains seeded with leg- 
ume or legume-grass mixture, to apply adequate fertilizer 
at time of seeding for both the grain crop and meadow 
following. An alternative method is to apply a portion of 
the required fertilizer at time of seeding and top-dress the 
remainder on the established meadow. Interest in the latter 
possibility has been stimulated by recent studies which have 
shown top-dressing to be effective in supplying phosphorus 
to established meadows (7). However, additional studies 
are needed to compare the relative effectiveness of single 
and split applications of phosphorus fertilizers on the new 
seeding and meadow. Evidence concerning this aspect of 
phosphorus fertilization is reported in a recent review (7). 

journal paper No. J-2564 of the Iowa Agr, Exp. Sta., Ames, 
Iowa. Project No. 1189. Rec. for publication July 30, 1954. 

^ Professor, Assistant Professor, and Associate Professor of Soils, 
Agronomy Department, respectively. 


With respect to potassium fertilization, there seems to be 
considerable agreement favoring moderate and frequent 
applications rather than heavy, infrequent applications. 

EXPERIMENTAL PROCEDURE 

In the present study, an attempt has been made to evaluate the 
relative and combined effects of various fertilizer treatments 
applied initially on oat-legume seedings, and later on the meadow. 
Specific objectives were (I) to study interactions of nitrogen, phos- 
phorus, and potassium fertilizer applications on oats and the 
succeeding meadow where soils contained low to very low levels 
of available phosphorus and potassium; to evaluate residual 
effects of initial applications upon the meadow not only as evi- 
denced in yield but also in botanical composition, chemical com- 
position, recovery of applied nutrients, and soil tests for phos- 
phorus and potassium; and (3) to study the value of topdressing 
fertilizers alone or as a supplement to initial appHcations.^ 

Identical 2X2X3 NPK factorial experiments were initiated 
in 1950 at two locations on soils which were low to very low in 
available phosphorus and potassium. Experiment 1 was on a 
Carrington fine sandy loam in Buchanan County, To wa. This soil 
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Table U— Elfect of fertiliser trinitments oti mn yields (bu., A.), 


Treatment 


No 

80 lbs. PoO- 


No P 2 O 3 „_ ,- 
80 lbs. P,0- 


Experiment 1 , Garrington fme saiuiy loam 
'fpH 0.7; P — very low; K — lowjf 



No i 



20 lbs. 

N 

lo K ,0 

40 lbs. . 

K ,0 1 fiO ibs. K 

;0 No K ,0 i 

40 ibs. K 

, ,0 1 so lbs. 

U 

89 

m . 

■ 45 ■ j 

47 

! 50 

48 

50 

54 

46 1 

59 

! 08 



Experiment 2, F 

‘ayette fine sandy 

loam 




(pH 6.1; P™ 

-low; K — very low 



46 1 

46 

! 46 

!' 1 

51 

1 48 

41 

42 

1 46 

1 9*1 1 

66 

66 


*L.S.D, for treatment at the level of .si.L^njTicasiee; Esr>erimeiU I bii./A, experiniejit 2 10 hu./A. 

t Based on Bray No. I test (.025 NHCl .05 X XHjF) for ‘'avaihibie’’ juiespliorus and nornuil XHj-iu:e?ate exfiactiou c*( I'St.han^ealde. potJLssiimi as iiiier- 
preted by tlie Iowa, State College soil testing laboratory. 


Table 2. — Summary of significant effects exerted by fertilizer 
treatments on yields and bt>tantcal composition as 
revealed by analysis of variance. 


Factor Investigated Exper- 
iment 


Signiii(‘ant olTects and 
interactions t 


Oat yields 

Hay yields 


Botanical composition: 
% red clover,... - 
% timothy 


1 N ** P ** 

2 P/"' K,* 

1 P,** KG* NxK^ F*", 

(— ■). pXFG* 

2 NG Ky^^NxK;^ Pf" kG‘ 

, ( - I kxK^. 


(-- ) NG 
NG ^ -) P** 




TWi-yi- 


* Significant at the 5'jfi level. 

Significant at the 1 % level, 

t Capital letters ss’mbolize I95D treatments; snial! letters {p,k) refer to 
1951 treatments. Negative effects indicated by (-•). 


had been cropped to corn with only light hill or row fertilizer 
applications in 1948 and 1949. Prior to 1948, the held bad been 
in nondeguminous pa.sture for several years without fertilizer or 
iTianure application. Experiment 2 w'as on a Fayette fine sandy 
loam which had been in a rotation tif corn, oats (seedeti), and 
2 years of alfalfa meadow, with corn grown in 1949. Previous 
fertilizer applications were rock phosphate at 1000 lbs. per acre 
on oats in 1946, 8 tons of manure per acre on meadocv in 1948, 
and 100 lbs, 3'-'12-12 on corn in 1949. Soil test values fi)r h«>th 
experiments are found in table 1. 

On the oat-legume seeding in April 1950, ammonium nitrate, 
ordinary .superphosphate (0-20-0), and muriate oi potash to 
supply 20 lbs, N, 80 lbs. P^iOr., and 40 lbs. KK), or 80 ibs. K.O 
were applied in factorial combination arranged in randomized 
blocks with four replicati{>ns. Plots w^ere di.sced after broadcasting 
fertilizer and seeding to oats and red clover — timothy mixture. 

On April 17 of the year following, superphosphate and muriate 
of potash (40 ibs. P2O5 and KsO per acre) were topdressed on 
both experiments, using a balanced split-plot factorial design as 
described by Finney (3). 

^ Hay harvested twice during the season on Experiment 2 con- 
sisted largely of red clover. About equal proportions of red clover 
and timothy with some alfalfa and weeds (less than 10% of the 
mixture) occurred on Experiment 1. Only one harvest was taken 
here due to the poor growth which followed the first cutting. 
Several random hand samples (total of 1 to 2 pounds) were 
taken from each plot and reserved for botanical separations and 
for. chemical analysis. The methods used in determining total 
phosphorus and potassium content of the plant materials have 
been referred to in a previous study (5). 


. l.S ..r. . / 


RESULTS AND DISCUSSION 

Fe.rtili3',i*r Fifects on Yields 

Oaf yklJs , — Tile cifeds of ferhli*zcTS on oat yiehis are 
siu^wn in tables 1 and 2. SijLtnitivaiU yield increases due to 
nitrogen, phosphorus and poLissiuni fertilizali^ui occurred 
at both localions. Without excej^iion, the iticrea.se from appli- 
cation of a |»ivcn nutrient was y^realesr when the other two 
were supplied. For example, in lixperiment 1 tliere wa.s little 
response to pota-ssium when eirlier phosplniriis or nil roitGi 
were supplicii alone, hut- the yiehis were 46, 59, and 68 
bushels, respectively, willi 0, "Rh and 80 lbs. KT) applied 
in the preseiue of both nitrogen and phosphorus. The NPK 
interaction wa.s not significant, liow’ever. A somewhat similar 
result is noted in Experiment 2. Likewise, in Experiment: 2 
little or no response to phosphorus occurred at the various 
]e\'els of pota.ssium except where nitrogen also was applied. 

Frmij^e ylMs . — Tire a\x"rage yields of forage from each 
of the 4S fertilizer treatments are recorded in table 3. A\er- 
age responses to phosphoru.s and potas-sium fertilizers applied 
in 1950 and to pho.sphorus and jxitassium lop-dre.ssed in 
I9'^l. are .summarized in table i. 

The re.sidual phD.sphorus from the initial application 
resulted in a 0.‘i3-ton increase on Experiment I. The elk cl 
was considerably Ie.ss on Experiincnt: 2 where a higher level 
of available soil phaspiH)rus wa.s present. On lixperimcnt i 
top-dressing 4o lbs. P./).. in 1951 iiureased the yield 0.6 
ton per acre where no pliosphorus liad been applied pre- 
viously and 0.21 ton where 80 IKs, P..O,, had Ix-vn applied 
initialiy, Tlie residual phosphoru.s frotn the initial 80-lb. 
application exerted a smaller effect on yields than did thv 
4()-Ib, rate top-dressed on the meadow I year later. In %'icw 
of thi.s, it would appear that more effective use of the 80 
Ills. PmO» would have re.sulted from splitting the application, 
e.g., one-haif at seeding time and the ' remainder as a 
top-dressing. 

As with phosphofus, the residual effect of potash applied 
at time of seeding is evidenced in two ways: First, the 
yields were increased by the initial 40- and 80-ib. appli- 
cations at both locations, the effects being greater on Experi- 
ment 2 where the surface soil contained the least amount 
of exchangeable potassium. Secondly, on Experiment 2 these 
initial applications greatly reduced the re.sj.x)nse obtained 
from top-dressing 40 Ibs, Kp in 195L Here the increases 
due to top-dressing were 0.32, 0,32 and 0.10 ton per acre, 
re.spectively, w^here none, 40, and 80 lbs, K.O previously had 
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Table 3. — ^Yields of hay in relation to time, method, and rate of fertilizer application, 1951.® 


Fertilizer top-dressed 1951 
lbs /acre 

Cuttings 

Fert 

ilizer broadcasi 

t and di 

[seed in 

before 

oats, IS 

I50t 

None 

N 

P 

Ki 

NP 

NKi 

PKi 

NPKj 

K 2 

NK 2 

PK 2 

NPKa 






Experiment 1 (Red elover~tii 

nothy-; 

alfalfa) 




None _ 

1 

1.59 

1.52 

1.89 ! 

1.78 1 

1.93 

1.46 

1.98 

1.79 

1.68 

1.85 1 

2,11 

2.14 

p(40 lb. ------- 

1 

2.18 

1.89 

2.35 

2.45 ! 

2.07 

2.26 

2.32 

2,30 

2.13 

2.26 

2.19 

2.29 

k (40 lb. K.O) 

1 

1.56 

1.40 

1.97 

1.56 : 

2.13 

1.83 

1.99 

2.32 

1.53 

1.66 

2.16 

2.20 

pk 

1 

2.21 

2.11 

2.34 

2.32 1 

2.19 

2.42 

2.60 

2,35 

2.06 

2.39 

2.11 

2.35 







Experiment 2 (Red clover) 





None - ' 

2 

2.51 j 

2.43 

2.66 

2.76 

2,45 

3.09 

2.92 

2.86 

2.71 

2.95 

3.10 

3.23 

p (40 lb. 

2 

2.79 

2.37 

2.88 

3.09 

2.86 

2,81 

2.73 

3.28 

3.14 

3.26 

3.08 

3,29 

k (40 ib. KsO)------ 

2 

3.04 

3.02 

3.14 

3.27 

3.20 

3.24 

3,17 

3.52 

3.09 

3.04 

3.02 

3.37 

pk-. 

2 ■ 

3.26 

3.07 

3.08 

3.18 

3.29 

3.63 

3.25 

3,20 

3.37 

3.41 

3.00 

3.28 


■^Significance of treatment effects are indicated in table 2. 

t 1950 treatments; N = 20 lbs. N/A; P — 80 lbs. K_i 40 Iba. ICO/A; =: 80 lbs. Kp/A (broadcast and disced in). I9S1 treatments: p = 

40 lbs. PyO./A; k == 40 lbs, K^/A; pk == 40 lbs. + 40 lbs. K«(>/A (toiMlressed in 1951). 


Table 4. — Average effects of initial (1950)i and top-dressed 
(1951) applications on phosphorus and potassium fertilizer 
on forage yield increases in 1951. (tons per acre.) 


Experiment 

Residua 
from P 
K ..0 ap 
1950 j 
followin 

1 effects 
2 O 5 or 
tplied in 
at the 
g rates: 

Effect c 
1951 ol 
K 2 O 0 
the 1 

)f top-drej 
^ 40 ibs. P 
n plots re^ 
‘ollowing ] 
in 1950: 

3sing in 
’ 2 O 5 or 
ceiving 
rates 

40 lbs. 

80 lbs. 

None 1 

40 lbs. 

80 lbs. 





Piiosphorus 

0.43** I 0.60** I I 0.24** 

0.12* 1 0.19** I I 0.03 


I. 

II- 


0.12* 

0.33** 


0.15** 

0.48** 


Potassium 
I 0.08 I 0.13 
0.52** 0.36** 


- 0.02 

0.10 


* Increase significant at 5% level. 
*■" Increase significant at l%- level. 


been applied. The 40. lbs. K^O top-dressed increased yields 
as mudi as did the residual from 80 lbs. applied at seeding. 

An interaction of nitrogen and potassium occurred in both 
experiments as shown in table 2. Nitrogen applied at seed- 
ing had little effect on hay yields where no potassium had 
been applied (table 3). However^ a generally beneficial 
effect of nitrogen was noted on plots receiving potassium, 
especially at the higher rate of potassium application where 
the average increase calculated from table 3 was approxi- 
mately 0.2 ton per acre. On Experiment 2 nitrogen signi- 
ficantly depres.sed yield of hay by approximately 0.2 ton 
on plots which received no potassium initially. The potas- 
sium fertiii 2 er when top-dressed a year later than the nitro^ 
gen tended to counteract the adverse effect of nitrogen 
which occurred in the absence of an initial potassium appli- 
cation, or perhaps merely corrected a deficiency of potassiimi 
which was accentuated by nitrogen application. As in Experi- 
ment 1, however, nitrogen exerted a significant influence 
wiien applied along with potassium at seeding time. Increases 


Table 5 .- — The influence of fertilizer treatments on the relative*^ and actual amounts of red clover and timothy 

grown in association (Experiment l),t 




Timothy 



Red Glover 



1' ■ K„ ' 

Ki 

■ K 2 

K 

-D. 

Kt 

■ ' . .Kg .. 

1951 




1 ■ 


1 ' „ ■ 



















Topdressing 

N„ 

1 

No 

■N. 

No 

1 ■ Nv 

No 

Ni 

No: 

N 1 

N„ 

,N,.: / 


■ 

1. 



Per 

centage of the mixt 

iure 





Po — - ------- 

49 I 

1 54 : 

1 43 i 

I 53 

( 46 

46 

36 

1 38 j 

!■ 47 i 

1 38 1 

1' 46 1 

' 44 

■pl--------- 

41 

1 43 

1 35 ! 

1 44 

1 38 

41 

48 

1 46 ! 

I-, ' 57, 1 

I ■ . ' 45 I 

1 54.1 

k 47 . • 






Yield (11 

bs/acre) of each component 





Pu-- 

1734 

1862 

1565 : 

1958 

1749 

1811 

1285 

1356 

1739 

1422 

1678 

1705 

Pi 

1840 

1780 

1706 

2041 

1590 

1881 

2156 

1895 

2775 

2085 

2271 

2194 


* Expressed as percentage of the total mixture consisting of red clover, timothy, alfalfa and weeds. Average increase or decreases in percentage and poundii 
of red clover or timothy in the mixture due to fertilizer were as follows: 


. " Treatment 

Red dover (%) 

Timothy (%) 

■ : ■ ■, ■■ j 

Red clover (ib»j j 

Timothy (lbs) 


' r — 

, +5* 

■ - '415' /-■: 

+383 

K 1- ■■ - - .. k— ■- - — -C „ L k- - - - 4 — - 

+ 5 * 


+332 

+289 

- 14 


_-.4 

- 46 




. ::'k, 699 /k' 

- 10 



t For interpretation of symbols (N, K, p, etc.), see footnote. Table 3. 
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rufii on the ami plots were from to 

0.x. (on While the explanation for this nitrogen-pola.s.siuni 
relationship is not apparent, the data have called attention 
to a previously unrecognized beneficial effect of nitro«en in 
the mixed iertihzer applied to oat-legume seedings. *' ' 

Botanical Composition 

ffloie difhcult with a mixture of species than witli pure 
stands, smec the various species may show a differential 
reyonse to treatment. The forage from Experiment 2 was 
predominantly red dover. The forage from Experiment L 
timorim"’ proportion of red closer and 

9C)|c or more of the mixture. The other components ( alfalfa 

this papS i» 

Nitrogen per se. did not affect total yields of hav in 
Experiment 1, although the percentage of red closer "was 

fhEl was increased due ro nitrogen 

(l.blc 2). On the other hand, pho.sphorus applied in ivso 
exer ed no influence on the relitise^umruuti 'of rid clos er 
and timothy, hut greatlj- merea.sed the total yields of forai’e 
Phosphorus top-dresssed in 195T nut only Ineru d y hh 
01 the mixture, but also increased the percentage of red 

tiiTV"k i'l *i>0 mix- 

ture. It IS also of interest tlial potassium applied at seed- 


YIELD {T/A. 

RED CLOVER 


EXPERiME NT 1 


.200 


.186 


r .143 


.(58 


timothy 


194 


.207 


experiments 


£.0 


Uo.s 


CUTTING 


.245 


.230 


.217 


2nd CUTTING 




.242. 


.245 


|2,0 


Uig inere,is(^ both yields ,md pereent.rge of retl clos er, svhde 
ne.iher ole these w.is signihcamly influenced bv top-dressed 
pota.ssmm iertilizer. * uresstu 

I he major effects of treatment on botanical s omposition 
are summarized in tahlc 5. Here it is evident .hat 
tions in tile reiatise .iniounrs of timothy ami red .lover were 
argel)’ .hie to ihe effects svlii.h sarious treatm.iiis exerie.i 

(Ton is S ' fr/" f ‘ ■ )• excej- 
TiV lls s * 'T'^'pon, sslurc a decrca.se in red closer 

if timmhv uH-rease in sseicht 

timoth} (mSo lbs ). Isjeithcr potassium applied in ls)Sn 

nor phosjdiorus fop-dres.sed in 1^51, hosvever. conlsi i rl ! 
01 appreiiably affected the average yield of timothy. Thu.s 

Kaases m red .lover yields largely accountv.l for the resid- 
u.rl xffeu oi potassium and the effects of top-dressed nhos 

U hay 'yields. laLn^ 

7lGlf 7 I ’ Hanss'ay (V) observed ss'ith an 

a lalia-tiinothy mixture that tlie residu.il effee- of ,nn( .. 

s' "Jt- / -r Jm 

e a.unm,e.i or .solely by ilie imreased vide! of 'imotln 
Ins NV..S explained on the basis ih.it p.i.liu.u wl! u ; 
delie-e_ul. thereby limuing the yield response of ilfilu h.p 
not Oi iimothy, to phe.spimrus' iertiiiz.ition. ’ 

ihe ase-rage .imounts of aifahi iml ee , . i 

•;”"p P> .I*'.' »•-. iVXi T’;' 

MjidtLsi tvihutum fo Wtal ^ohIcih was uxitic-.I hv the foni 

mcm sldVll -‘f' Nhr:rn 

fine o! seeding e.r later as a top-dressing. 

Uptake of Pho.sphorus and Pota.ssium by Imrage 

Pemew.ig, effect of fertilizer rre- it 

I hn ts ull Pdassium in ti 

i tormation offers a mean.s ot determining the degree of 

eielititnty or sulhciency eit a particular nutnent Tim etfe- 

Iv Lr'f'l ''"i'T" "“>■ ‘-‘ “'"-5 

. ■ 4 j * ^ oi nutrient uptalc,. in a 

Jjdd^ m‘,sponse.s-, than Irom either of these eriteria eonsideVcei 

It is evielent in figure l th.u the phosphorus amrent of 
the iorages was uurea.seel by idieisphoriis ‘lYrti iz. 7^ 
enug both experiments, it i.s'dear that 40 flss ^ p o"' it 

iliri';;.';!,* rT’i. o 'r"' "■™‘' 

A,, ctpiio,, i, „„„j ciiiilij,, it,;,;,,;" 
n this mstaiiec* plant jsho.sphorus appears to haw been ut- 
ejuate even without fertilization. 

Of interest is the contrast between red clover and timothv 
u Experiment 1. Without phosphorus (n P V ml ll ' 
ptephora. „„ ,ppli,,j I,, 4,J. ■ a ■) 5 

inc values for red clover were O.ld^ hhI n iXQf/ -r. 
dressing, on the other hand^ resulted in couiilv \ 1 ‘ 

Freotes. of ptap, i„ It,, 

oTphospS” lerxt'mS™™ pS £d « s 

reached with red clover On fkz ^ uad }ct been 
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EXPERIMENT I 


In Experiment 2, increasing the level of plant phosphorus 
beyond 0.25% gave no further increase in yield with either 
the first or second cutting. There is evidence, based on results 
in both experiments, that 0.23% phosphorus represented 
the approximate "criticar* level for red clover. 

The relative percentages of potassium in red clover and 
timothy grown in association are depicted in figure 2. Cer- 
tain significant trends are shown here. For example, it is 
evident that phosphorus fertilization reduced the potassium 
content of red clover, while no effect or increases occurred 
in the case of timothy. These trends are evident whether 
or not potassium was applied and regardless of its rate of 
application. Apparently the grass contained adequate amounts 
of potassium (perhaps more than was required for maxi- 
mum yield) at all levels of applied phosphorus. The potas- 
sium content of the red clover steadily declined, however, 
and in various instances where phosphorus was applied, a 
deficiency level of potassium in the plants is indicated. 

The reason for the differential behavior of the red clover 
and timothy with respect to potassium uptake is not evident 
from the data. It should be recalled that phosphorus applied 
in 1950 increased total yields of hay (table 4), but the pro- 
portion of timothy and red clover was unaffected. The decline 
of percentage K in; the red clover and relative constancy 
accompanying this yield response cannot, therefore, be attrib- 
uted to competition of species induced by increased timothy. 
Top-dressing of superphosphate also increased total hay 
yield, but the increase was due solely to response of red 
clover (table 5). The percentage of potassium in the red 
clover was decreased as might be anticipated on the basis 
of increased yield of this species. On the other hand, the 
timothy showed a significant increase in percent of potas- 
sium when phosphorus was top-dressed even though no 
change occurred in the actual amount of timothy produced. 
It appears that a competition between species for potassiiun 
is involved. The nature of the competition has not been 
clarified. Evidentiy, the presence of timothy in the mixture 
accentuated the problem of potassium supply to the legume 
when phosphorus was applied in spite of the fact that the 
proportion of timothy was unalfected or even decreased in 
some instances by such application. Other evidence relative 
to competition between associated legumes and grasses for 
available soil potassium, on soils deficient in this nutrient, 
has been reported by Blaser and Brady (2), Bear and Wal- 
lace (1 ) , Gray et al. (4) and Hanway el d, ( 5 ) . 

Figure 3 shows the relation between yield of red clover 
and percent potassium in the plants from Experiment 2. 
Each of the points on the graph is the average of all nitro- 
gen and phosphorus levels (effectively the mean of B repli- 
cations). In the first cutting samples, the average potassium 
content ranged between 0.7 and 1.5%, Between these limits, 
average yields increased approximately 0.5 ton per acre. The 
value, 1.5%, is regarded tentatively as being near oj^timum 
for red clover production. This, however, cannot be deduced 
from the graph, since it is not clear whether or not the curve 
has reached a maxiinum. The potassium content of samples 
from the second harvest ranged between 0.6 and 1.1%, 
while yields ranged between 0,8 and 1.1 tons. Potassium 
deficiency might well have been a factor limiting yields in 
the second harvest, even with 120 lbs, K^O per acre applied 
over a two-year period. 

Recovery of applied phosphorus and potassium . — Average 
amounts of f)hosphorus and potassium absorbed by the for- 
age and calculated recovery of nutrients applied in 1950 and 
1951 are summarized in table 6. Total phosphorus absorp- 



-i ^ i: - : I . . .. r.. 


Fig, 2 ,— Potassium content of red clover and timothy grown in 
association as related to application of potassiuni and phos- 
phorus fertilizer (pi. and Pi refer to 40 lbs. PaOr. topdressed and 
SO lbs. P 3 O.T broadcast at seeding respectively. p« and Po refer to 
no phosphorus; Kc», Ki and Ka refer to none, 40 and 80 lbs. 
KaO applied at seeding) . 

don was much less in Experiment I than in Experiment 2. 
From plots receiving no phosphorus (poP<,), plants removed 
27.7 lbs. of PoO- per acre on Experiment 2 as compared 
to 8.2 lbs. on Experiment 1, or about 31/2 times as much. 
This difference is explained in part by the fact that two 
cuttings were obtained from tlie former while only one 
cutting was removed from the latter experiment (table 3). 
After eliminating this factor, however, the total phosphorus 
absorbed clearly reflects the relative amounts of soluble soil 
phosphorus (table 1) and relative yield responses from 
phosphorus fertilization (table 4) . 

In both experiments, considerably less phosphorus was 
recovered from the initial 80-lb. P^O. application (P^ — Po) 
than from the 40 lbs. top-dressed in i951 (p^ — po). Recov- 
eries from the 80-lb. application on plots which received 
no top-dressing were 3.8 and 3.9 lbs. Pp.,, respectively, on 
Experiments 1 and 2. As shown in footnote 1, these amounts 
constitute about 5% of the initial application. In contrast, 
recoveries from the 40 lbs. top-dressed on plots receiv- 
ing no prior phosphorus fertilization were 9-1 and 5.9 
pounds per acre, or 22,7 and 14.8%. 

Apparently, less phosphorus was recovered from the top- 
dressed application on plots which received 80 lbs. PgOg 
at time of seeding than from those which did not receive 
the initial application. Likewise, the recovery from the 80-lb. 
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and llnx'v' depths ol nanipiing. Si^nnifkani. ijnpruvcnk;!]t is 
shown in the available plkasphorus stauis of the 0 U) (vindi 
la}'er, the sarnplin^t unit ordinarily unpioyed in sod icstinp. 
Jn this insuuKX, aainldncd applications totaling 120 lbs. 
P/). per dav, well- partiiiilarly iJTixticv'. 

^ft is perhaps signilicvint dyr effects ifKliaeJ by ainihinesl 
initial and rop-drcssetl appheafions were gem rally greater 
than additive eifects of indw'idual applieaiions, m the 0 to 
2dnch layer and in the coioposile it to 6dnch layer. l‘his 
iateraiiion Ixivveen foirial aoil top- 


application was reduced by the top-dressing. TJK-.se findings 
are in accord with results reported from nunicrous investi- 
gations employing radio-phosphorus. 

Recovery of applied potassium fertilizers dilfered markedly 
between experiments. Apparent recovery of the -id ibs. K.C..) 
top-dressed (on K,, plots) -was i6.2^V in ExjiLTinicnt I and 
70^(1 in Experiment 2. Sifuilarly, on Experiment 2 the appar- 
ent recoveries of rtvsidual potassium froin k., pliUs were 
17J lbs, K^O for the smaller initial rate K,,) and 

35.7 lbs. KX.) at the higher rate (K^. — K,f), or 'id. 5 and tendency lor a p-ositiv 

44.6UA respectively. However, only about i2^;r of the initial 

40- and 80-lb. K,0 applications was recovered in the for- >KPrDMFr 

age harvested from Experiment 1. c red clover} 

Effect of Fertilizer Treatment on Soil Test Values 2.3- 

Soil samples wxtc obtained at both sites from the 1 

and pk subplots of the PoK^, P^Kj main plots in the fall ^ ® 

of 1951. Samples were taken from two replicate plots at | ® 

depths of 0 to 2, 2 to 4, and 4 to 6 inche.s and analyzed 

for soluble phosphorus (Bray No. 1) and exchangeable ^ ^ 

potassium. Exchangeable potassium values were unatLcted I » 

by treatmenc and, therefore, are not presented. Data for ^ / 

soluble phosphorus are presented in table 7, TIksc data [ * 

show that phosphorus fertilizer .application increascvl the i gL / 

amount of phosphorus soluble in Bray No. 1 extras tain in ■ / 

several instances, the elfect being most [vronouaced on the x i ?{- ' ® 

Eayette soil w'hicli initially posscsscii the higher content of g 

soluble phosphorus. This finding is in agreement willi data g i 5 ; ..i 1 ., ...i... 

reported by Rich ef aL (6), for example, who observed • 

that siipcrphospliate brought about a greater increase in !j 

soluble phosphorus on plots containing a reserve from fvrior ^ ^ ^ 

applications than on an unfertilized plot. x""" ' 

On the Carrington soil, the initial 80-lb. application j q ^ 

combined wdtli the top-dressed application clfected an increase ^ 

of 4 lbs, soluble phosphorus in the 0 to 2-inch layer; the 
composite values tor the 0 to 6-inch layer also was signift- /o 

cantly increased. The tendency for 80 lbs. PX>. to inaease o sU—l i i i j 

soluble phosphorus at the tw^o lowxr depth " increments, 
although consistent, was not significant. 

On the Fayette soil, phosphorus fertilization consistently yjc. 3.— Relation hemeen yield and potassium couteju .>t red 
increased soluble phosphorus at the three rate.s of application lIovct, Experiment 2. 

Table 6 , — Amount of phospht)rus and p<uas,stum aKsorhed and apparent recovery from applied lertihzef.sC'*- 


Hi CUTTIM 


Phosphorus (lbs, P nO & aero) 


Potassium (lies. K -C) aero 


1951 

Topdressing 


Experiment 1 

55.8 

651. 8 
6.5 

Experiment 2 

44.1 

72.1 
28.0 


Calculated percent recovery 


P recovered frf>m 


K recovered from 


Experiment 


t For explanation of symbols P„, Pj, !c„, k, etc. See footnote, table 3. 
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dressed applications is not unexpected in light of the findings 
of Rich et al. cited above. 

SUMMARY AND CONCLUSIONS 

In 1950, two 2X2X3 NPK factorial experiments were 
established on oat-meadow seedings in north-eastern Iowa. 
Soils were Carrington and Fayette fine sandy loams. On tlie 
first year of meadow in 1951, a 2X2 PK factorial was super- 
imposed on each experiment by splitting the main plots. 
This resulted in 4S distinct fertilizer treatments, the effects 
of which were evaluated on the basis of hay yields, botanical 
composition, and chemical composition of the forage. Results 
presented and discussed in this paper have been confined 
largely to those which were of major significance. These 
findings and certain conclusions derived therefrom may be 
summarized briefly as follows: 

1. On both soils, oats responded markedly to nitrogen, 
phosphorus, and potassium fertilization. Considering meadow 
yields, however, only potassium appeared to be markedly 
deficient on the Fayette soil, while phosphorus appeared 
to be chief limiting factor on the Carrington soil, although 
in the latter experiment a deficiency of potassium also was 
evident. 

2. A nitrogen-potassium relationship was illustrated in 
both experiments on the meadow. Neither of these nutrients 
gave maximum benefits unless the other also was supplied. 
In fact, a slight depressive effect of nitrogen on hay yields 
was evident in the absence of potassium fertilizer, whereas 
significant increases occurred in the pre.sence of additional 
potassium. 

3. In the red clover- timothy association, timothy con- 
tained the higher percentage of potassium. With increasing 
rates of phosphorus fertilizer, the potassium content of red 
clover declined, while that of timothy remained at the higher 
level, or slightly increased. 

4. On both experiments recovery from top-dressed plms- 
phorus fertilizer was considerably higher than that which 
occurred from the initial application. 

5. Residual effects on the meadow of SO lbs. P.,0. as ordi- 
nary superphosphate applied at time of seeding were less 
than the effects resulting from top-dressing half this amount 
on the first-year meadow. This was evidenced in various 
ways: (a) a greater yield increase from top-dressing than 
from residual phosphorus; (b) a higher phosphorus content 
of forage on plots receiving top-dressed phosphorus fer- 
tilizer than on those receiving 80 pounds PoO^ initially; and 
( c) a higher proportion of the phosphorus in forage derived 
from the fertilizer on top-dressed plots. The data suggest 
the need for further investigations to compare the relative 
benefits derived from single versus periodic application on 
the oat-legume seeding and the ensuing meadow. Chief con- 
cern arises under circumstances where only moderate amounts 
of phosphorus fertilizer are applied on soils rated low to 
very low in content of available phosphorus. 

6. On the phosphorus-deficient Carrington soil and on the 
Fayette soil, a general relation occurred between yield re- 
.sponse to phosphorus fertilization and percent phosphorus 


Table 7.— Effect of initial (1950) and subsequent (1951) appli- 
cations of superphosphate on soluble phosphorus 
content of soils at various depths. 


Depth of 
sample 
(inches) 

Soluble P 
in unfer- 
tilized ! 
sub-plot ! 
(Ibs/A) 1 

Increase in soluble P due to: 

40 lbs, 
P 2 O 5 
(1951) 

80 lbs. 
P 2 O 5 
(1950) I 

120 lbs. 

P 2 O 5 

(1950,1951) 

0-2 

Exper 

1.5 

1.2 

1.0 

1.2 

Exp' 
3.8 i 

3.5 ; 

2.5 

3.3 

iment 1 (Car 
0.3 

0 

0.2 

0.1 

eriment 2 (Ft 

(4.0) 1 

1.0 

( 2 . 0 ) 

rington) 

1.4 i 

0.6 

0.5 ■ I 
0.9 1 

lyette) 

(3.3) 1 

1.6 i 

1-4 1 

( 2 . 0 ) ; 
: ■ 1 

(4.0) * 
0.7 

1.8 

( 2 . 0 ) 

(8.9) 

1.8 

(3.0) 

(4.3) 


4-6_ 

0-6 

0-2 

2-4. 

4-6._„._.: 


* Values in parenthesis were at least three times as large as the' apih'opriate 
standard error far emnparisan of m> treatment means with indicated phosphorus 
treatment mean, and are, therefore, regarded as being slgnilicantly greater 
than values for no treatment, 
t Average of preceding values. 

in the plants. In these experiments, 0.23% phosphorus 
appeared to be a near optimum level for red clover at full 
bloom. 

7. Gn the potassium-deficient Fayette soil, yields for a 
particular cutting of red clover were clearly reiated to per- 
cent potassium in the plants. A marked deficiency appar- 
ently existed at second cutting even \yhere 120 ibs. K^O 
previously had been applied. 

8. Soil tests at the end of the first hay year (1951) 
revealed significant carry-over of phosphorus soluble in Bray 
No. 1 reagent from both initial and top-dressed applications 
of superphosphate. There was, however, little evidence of 
residual exchangeable potassium due to previous applications. 
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Absorption of 2, 4-Dicliiorophenoxy acetic Acid by Soybean 

and Corn Plants’ 


Blfis W. Hauser- 


T HH unusiiaJ success of 2,4-diciiloroplKaiox}‘acciic acid 
(2,4'-D) as a herbicide is due largely to its differential 
toxicity for a variety of plants. Although this djcniical is 
the most extensively studied herbicide, the mechanism ot its 
herbicidal action remains relatively obscure. Physioiogicaily, 
the toxic effects of 2,4-D may be divided into three phases: 
(a) absorption, (h) translocation, and (c) toxic action. In 
order to be inhibitory, 2,4-D must first be aKsorl'>ed by 
plant organs. The primary purpose of iliis study was to 
evaluate various factors inffiiencing the absorption of 2,4''.D 
compounds. 

REVIEW OF LITERATURE 

Weaver and Dellose (17) and Rice (13) found that iiiaxiniurn 
amounts of 2,4>D were absorbed by leaves of soybeans witlun a 
few hours aftta* treatinent. Crafts (5) theori/.ed that esters rif 
2,4”U are more easily absorbed by the foliar plant parts due to 
solubiiit}’ in the plant cuticle, (^)n the tulier hand, the p<dar salts 
would enter roots more readily. Heevers ei aL (1), usiii^e; a nulo- 
nute inhibiti('«n system, obtained evidence that undisscKiated eskr 
molecules penetrated cells more rapidly than free acid molecules. 
Another factor influencing toxicity of 2,4-0 is pH, Plammer li jL 
(5) found that 2,4-D .solutions were more toxic at low pH's. 

Numerous investigators have shown that the additi()n of cheiu- 
ically unrelated activants increases the toxicity of 2,44) (4, 7, 12, 
13, 13, 17). Hitchcock and Zimmerman (7) believed that adjuvants 
alter permeability <^f plant tissues and hasten penetration of the 
chemical. Rice (13) found that absorptitm of 2,4-D from sidu- 
tions containing Carbow’ax took place over longer periods of time 
than from wholly aqueous solutions, and tliat more chemical was 
absorbed frt>m solutions activated with wetting agents. According 
to Mitchell and Linder ( 12) addition of wetting agents increased 
absorption of radioactive 2,4-0 from 3 to 350(4. The addition 
of Dreft, a commercial detergent, increased toxicity of s<klium 
2,4-D to corn plants, according to Rossnuin and Staniforth (13). 
Staniforth and Loomis (16) showed that decreased surface tension 
and increased aksorption of 2,4-D from solutions containing whet- 
ting agents are prt^bable reasons for increased ti)xicity, hut state 
that the relationships are complex. 

Several investigators ha%^e found it positive ct>rrvIation between 
the presence of leaf carbohydrates and the t<^xic action t>f 2,4-D 
(11, 14). Haikser and Young (6) found that leaf carbohydrates 
were necessary for tran.slocation but not for absorption of 2,4*D. 

Tempepiture is an important environmental factcir affecting the 
toxic action of 2,4-D. Several investigations have show^n that 
plants are more susceptible at higher temperatures (H, U)). One 
explanation seems to he that more chemical is absorbed as the 
temperature is increased (2). 

EXPERIMENTAL METHODS 

The plant material for the various greenlmuse experiments con- 
sisted of young soybeans (Glycine max {L.) Merr.) and corn (Zt\t 
mays^ L.) plants. These plants were selected because soybeans are 
readily susceptible to 2,4-1) injury while corn possesses moderate 
resistance. Soybean seedlings of the variety Hawkeye or Lincoln 
were grown in 4-inch pots and thinned to 3 per pot several days 

^ Journal paper No. L2487, of the Iowa Agr. Exp, Station, Ames, 
Iowa, Project 944, Additional data and the details of the experi- 
ments are contained in the author’s doctoral dissertation in the 
Iowa State College Library, Ames, Iowa. Eec. for publication Aug, 

- , . 

■ • ' The author is indebted to Dr, W, E, Loomis for direction in 
The research and assistance in the preparation of this manuscript. 
,, .3, Furmerly Graduate Assistant, Department of Botany and Plant 
. Pathology, clpwa' State College; Presently Research Agronomist, 
Field Crops Research Branch, A.R.S., U-S.D.A., and Georgia Exp. 
Sta., Experiment, Ga. ■' 


before treatment. The corn seedling.N abiJ were . tliiniied to .2 or 3 
plants per 4 -inch pot. 

Spray applicatiims were made with a tonverted DcVilhiss paint 
gun operating under a constant pressure of 20 psi. Hie potted 
plants were placed in a spray chamber on a revolving turn-table 
and 10 ml. of spray solution from a beaker was applied evenly 
thnmgh the paint gun. The sprayer was adjusted so that succes- 
sive application^ were made at the same distance L'om the plant 
material. In a few experiments, the plants w’ere dipped into tlu' 
spray solutions lo be tested. 

To measure absm-pcion effects, the stu beans were treated when 
the primary leaves were expanded and the brst triloliate leaves 
were still in the hud stage-. The buds wt-igheil approximately t>J 
gm. per pot. A pot of 2 or 3 plants wms the experimental unit 
and uniform units were grouped into 3 H replicates. Randi>rniiud 
block or split plt>t designs wc-re used. The plants were sprayed, 
.ind then after specified periods of time were washed thonmghly 
in a scries of hmr w.iter-Drelt solutions and finalh in tap w.iter 
fo renun-e the unabsorfwd 2, -14) residues. The toxicity of 2,4-D 
was evalisak’d by weighing all of tlu- new growth above the 
primary leaves v»f stwhean plants JP U\ 14 days afti-r treatment. 
The ahstuption whivh tuatrred svas xtssunud to be inversely pro 
porticsnal te (Ik* weight tjf new grtnvfh. Hie method of treatmem 
used in tlte corn stiutics wms the same as for beans. The height 
of each seedling was measured at the time of treatment ami Ut 
to 14 days lahi'. Hie seeiilings averagul 6 to R inches in height 
Oil the date of treatment. Reductions in the height of treattd 
plants were assumed to he proporticmal to the amount of ahsorheil 
chemical. 

The folhwving tt-chnical 2,4^0 compounds were used; fcii 
siuiiiiin salt, fhj niitnocthylamine, and (c) dioctykiminc. In addi- 
tion, treatments were ipade w’ith 2,44) difnethVhuninc salt and 
isiipropyl ester formulations. The surface active agents used were: 
fj) Tergitol 7 (anionic), f/H Triton B-1936 (nonionic), (c) Hyu- 
mine 2389 (cationic), and (d) 06l (cationic). Hyamine 2389 
was slightly toxic to soybean plants; the other wetting agents 
per se did not produce significant injury at the cimeentrations 
and exposure intervals used. 

To evaluate the possihie effect of differential spray retenti^m 
on the data obtained, a total <tf 30 measurements were made to 
determine the amount of .spray retained by soybean plants rej.;eiv- 
ing totally aqueous solutions as opposed to solutions containing 
0,3 (f dVrgitol 7, tlie mo.st effective spreatic-r ustvL Lor eaih 
measurement, 3 excised plants were inserted into a drilled wotnlen 
bhH:k (simulating a put), placet! on the revrdving turntable an<l 
sprayed with 10 ml. of solution. Fifteen measurements were ircule 
fur each type of solution. The plants were weighed before and 
immediately after spraying to determine the amount of solution 
applied. Averages of these measurements showed th.d O.iH gni, of 
wholly aqueous solution and 0.21 gm, tif ssdution umtaining IVr- 
gitol was retained per set of three plants, 

RESULTS 

The influence of wetting agehts on the absorption of 
sodium 2,4-D (100 ppm.) by soybeans w’as determined in 
preliminary experiments. Exposure intervals of 7, 15, 50, 
and 60 minutes were used. In addition, one series of plants 
was treated with sodium 2,4-D bat not washed. This com- 
jxmnd in wholly aqueous solutions did not enter in quan- 
tities sufficient to reduce new growth during a 60-minute 
exposure, but when surface active agents w^cre added, sig- 
nificant absorption occurred in 30 minutes. Yield reductions 
were greater with a 60 minute exposure to 2j4“D sprays 
containing a whetting agent than for unwashed pknt.s sprayed 
with 2,4-D; those plants which w^ere not washed were 
exposed to the diemical for the duration of the experiment. 
Whm the concentration was increased ten times (table 1) 
sodium 2,4-D without adjuvants wzs not absorbed sufficiently 
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Table 1.— New growth of soybeans sprayed with sodium 2,4-D5 1,000 ppm., with and without surface active agents (0.5%). 



Average weight of new growtl 

i* 

Treatment 

Exposure interval 



4 min. 

7 min. 

15 min. 

means 

Sodium 2,4-D plus Hy amine 2389 

Sodium 2,4-D plus Tergitol 7 - : . „ „ . . . „ .. 

Sodium 2,4-D> . ... _ .. . ... . . _ „ „ „ 

Sodium 2,4-D, not washed _ „ _ . „ „ . . . . - _ 

Untreated check-„_ - . .. . . _ . .. . .. .. _ ,4 

Interval means.- __ 

grams 

0.67 

1.24 

2.49 

0.04 

2.16 

1.32 

grams 

0.38 

0.35 

1.81 

0.02 

1.92 

0.90 

grams 

1 0.05 

‘ 0.25 

2.09 

0.00 

2.02 

0.88 

i grams 

0.37 

0.61 

2.13 

0.02 

2.08 


L. S. D/s: Treatment means — ^(0.05) =0.20 gm. Interval means (0.05) =0,21 gm. 

(0.01) = 0.27 gm. (0.01) =0.30 gm. 

* Each figure is the average of S replicates. 


Table 2.— -New growth of soybeans sprayed with the isopropyl ester of 2,4-D, 50 ppm., with and without surface active agents (0,5%). 



Green weight of new growth*^ 


Treatment 

Exposure interval ^ 


Treat 


7 min. 

15 min. 

30 min. 

60 min. 

means 


grams 

grams 

grams 

grams 

grams 

Isopropyl ester 2,4-D plus B-1956 - - - . ~ ~ ~ - - ^ ~ ^ 

2.14 ^ 

1.32 

0.94 

0.56 

1.24 

Isopropyl ester 2,4-D plus C-61.. 4, -C... 

2.31 

■2:47' ^ . . 

1.97 

1.68 

2.11 

Isopropyl ester 2,4-D plus Tergitol .. „ . „ , ^ _ .. . 

0.93 

0.40 

0.43 

0.74 

0.62 

Isopropyl ester 2,4-0 . _ - . _ 

1.73 

1.90 

0.99 

1.03 

1 .42 

Isopropyl ester 2,4-D , not washed ^ .. : .. .. „ . .. _ .. » _ _ . „ „ _ . 

1.39 

0.85 

1.17 

1.18 

1.15 

•.. 

3.29 

3.85 

3.85 

3.51 

3.63 

Interval means„.-.. . 

1,97 

1.80 

1.56 

1.45 



L. S. D.*s: Treatment means— (0.05) =0.24 gm. Interval means (0.06) =0 .25 gm. 

(0.01) =0.32 gm. (.0,01) =0.35 gm. 

* Each figure is the average of 6 replicates. 


to injure the plants during a 15 -minute exposure, but when 
wetting agents were added to the spray solutions, signifi- 
cant absorption occurred witliin 4 minutes. Application of 
the sodium salt at a concentration of 500 ppm. resulted in 
similar trends (figure 1 A). 

Addition of surface active agents to solutions of 75 ppm. 
of the dimethylamine form of 2,,4-D reduced the time 
required for absorption during exposure intervals of 7, 15, 
30, and 60 minutes. When the concentration was increased 
to 750 ppm., exposures of 4 minutes with and 7 minutes 
without adjuvants were required for absorption of toxic 
quantities (figure IB) . A comparison of plants treated with 
the amine and sodium salt of 2,4-D for short exposure 
periods is shown in figure IC. 

The absorption rates of the ester were strikingly different 
from the sodium and amine compounds (tables 2 and 3). 
The data show that the isopropyl ester entered rapidly, yet 
the addition of surface active agents, with the exception of 
C-6l, further speeded the entrance of the chemcial into 
plant tissues. The plants in the 0-exposure series (table 3) 
were washed immediately after the spraying process, which 
lasted approximately 1 minute. Apparently, absorption of 
the ester began immediately after application and was very 
rapid during the first few minutes. Other experiments using 
higher .concentrations, of the isopropyl ester of 2,4-D gave 
essentially the same results. 


Table 3. — New growth of .soybeans sprayed with the isopropyl 
ester of 2,4-D, 100 ppm., with, and without Tergitol 7(0.5%). 


The growth responses of corn, a moderately resistant plant, 
were similar to those of soybeans. The three 2,4-D com- 
pounds previously used were sprayed on corn plants at a 
concentration of 1,000 ppm. The exposure intervals were 
0, 15, 30, and 60 minutes. In addition, other treated plants 
were unwashed and exposed for the duration of the experi- 
ment. Sodium 2,4-D was absorbed only slightly, even when 
the plants were not washed; however, when surface activants 
were added to the solutions, significant height reductions 




— p- — ^ — — — ■ 

: — - — — — — — .p* 



Green weight of 



new 

growth* 


Exposure interval 

— 

... 

Check 

2,4-D 

2,4-D plus 
Tergitol 7 




grams 

grams 

grams 

0 min. 

1.38 

1.36 

1.71 

1 min., 

1.22 

0.95 


2 min.^-C. 

1.09 

0.80 


4 

0.94 

0.61 


Not washed 

0.63 

0.29 

1.71 

L.S.D.'s: Treatment— 

(0.05) =0.35 gm. 



(0.01) =0.47 gms. 



* Each figure is the average of four replicates. | 
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resulted from a 60-minute exposure. Absorption of ilie 
amine salt murr&I in 60 mimite.s, but if .idjuvants were 
added, sufhcient absorption took place in 13 to 30 minutes 
alter treatment to cause si^nilicant growth reductions. The 
isopropyl ester wa.s absorbed by corn w-ithin a few mimitts 
after treatment, hut the addition of adjuvants further reduced 
tJie growth. 

1^?^' “fbohyaliute .supply on absorption 
T' p].ints previously 

wHrtn solutions and then 

a”" Pj*ints after specified exposure 

periods. A comp.rnsoii of treated plants is shown in figure 

fj-vr^'ff ‘ipparaitlv not a crdical 

Licun aitfctnig rhe absorption of 2,-j-D. 

10,000 ppm. were used to evaluale the' effecc of concentra- 
rton on absorption by soybeans and com. The rate of etfcc- 

eooitTT and con- 

secjuently the quantity ol 2,4-D ajqslied, w.ts incre.r,sed. 

^ lunpeiature is an important environmeiifa! factor affect- 

cxpo.wd to dilterenc temperatures 2 hours before and 3(1 
.nmutes after dipping inlo 2,,-D solutions. Afier 3 
niinute e.vposure the plants were w.ishcd .ind rdu ed to 
!.e_ greenhouse bench. As the temperature w.is increlscl 
diinng exposure, mure 2,1-1) was ahsorbul (lahle -i) A 
jxuticular y severe reaction occurred at 61 “ p, Purther research 

cs needer to ciarily this rei.rtionship whiji w.is observed 
consi.stently m these studies. onwivccl 

, ,^0 the- effect of soil moLslurt on the absorption of 

nuct near tlic lield capacity ami others were watered onlv' 
alter the plants were temporarily wilted but liad not rt.ichJ 
the pcmixment wilting point. Both series of plants were 

tWu-"’? Tergitol 

plant’ orexirred vvlierc tire 
plants had been supplied with adequate water 

men Iv ';ff’'VTr ?*' »i^^*icides may be 

greatly affected by the pH of tlic spr.ay solutions Severd 

experiments were_ conducted to evaluate the effect of pH on 

I H SuS oT3°b“’'‘'’? solutions at 

Sinm ,nt ’ ^ ern soybeans. The 

s ’ pH values of 

^ and 7 and least toxic at pH 9. * 

discussion 

Brewious investigations designed to .separate absorption of 
2,d-D from translocation Irave not been extensive al l m, 

cmapoSrds ■nflucnc.ag absorption of 2,.bD 

tEor^ilrr separation of absor p- 

Tt /v u It was assumed that jcrrowth resnonsk 

Z proportional to quantifS S SiS 

• bsorbed during given exposure periods. Although differen 
bal spray retention also contributed to the diffem^b 

rapidity absorbs ST influenced the 

most ranidlv ^ . ‘Sopropyl ester was absorbed 

most rapidly, an amine salt was mtermedbiP ^,i,:iro 

sodium salt was absorbed slowly This agrees wirt^ f T 
Aeory (3) that growth regulants if a nonirnl^e SioSi 


clp.sT‘pTdr''‘' 

T ^’v' '-“i 

3--w,th surface aOiv.im'; TT 

Mirtace .unv.,nl, exposed for dur.m.,» of expertnu-m' ’ ’ 

' 

tvDri* iraivant, t-Kpusul n niin V. ^ 

expcKut {*i juin * Pi,? / „ ■ * ^ ^ .uitvarjt, 

^Hra.ion of ex’perim:;!i ' for 

i:> onn. ; Pot 4— suilinnv Ut exposal 

amine, exposed for du^io, f exITn en '■ 
safl. exposed for duration of expiimem 

ment, wa.died 2.rh:,u’raf erlTuti;"‘lC‘‘^''“N T" 

washed at end of dark period. treatment, 

toxicities of 2,4-D comnounckTh- ^ V 
wM, B,cLK'f“^ "» ™»'‘' "'ixwn m„t.n 

> . . 7, 12, 15, 17) demonstrate that the addition of 
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Table 4.— New growth of soybeans after 30 min. exposure at different temperatures to sodium 2,4-D, 

750 ppm. plus 0.5% Triton iB- 1956. 


Exposure temperature 
F" 




Repl 

icate 




Means for 
tempera- 
ture 

1 

. 2 

3 

i ^ 

0 

I ■ 6 . 

' 

8 


grams 

grams 

grams 

grams 

grams 

grams 

i grams 

grams 

grams 



3.23 

■2.52 1 

4,03 

3.02 

3.50 

4.66 

' 3.72 

4.67 

3.67 

50__ 

1.73 

1.47 

3.50 

2.88 

3.80 

3.13 

3.76 

3.03 

2.91 

61 

0.93 1 

1.23 

2.12 

1.15 

0.93 

1.59 

1. 87 

1.68 

1.44 

68_. ______ 

0.57 

1,11 

2.57 

2.50 

2.53 

3.00 

2.36 

1.80 

2.05 

Sl_ ■_ 

0.65 

0.25 

1.33 

1.03 

0.40 

1.33 

0,72 

0.80 

0.81 

Check _ 

3.94 

3.97 

4.00 

5.66 

4.53 

4.63 

4.98 

4.55 

4.53 


L. S. D/s: (0.05) -0.55 gm. 

Treatments (0.01) =0.74 gni. 

surface active agents increases the absorption and overall 
toxicity of 2,4-D compounds. Most surface active agents 
decrease siirface tension and lower the contact angle, thus 
promoting more intimate contact of the spray solution with 
plant surfaces. Flowever^ Stanifoith and Loomis (16) have 
shown that only a portion of the activation can be accounted 
for by surface tension measurements. In addition to the ease 
of wetting and differential retention, other factors may be 
involved. 

Several investigators (6, 11, 14) have shown that trans- 
location of 2,4-D is dependent upon the presence of the 
leaf carboliydrates associated with normal transport. Our 
data indicate that absorption processes are not dependent 
upon the presence of carbohydrates in the leaves of bean 
plants, suggesting that the processes of absorption and trans- 
location are governed, at least partially, by different factors. 

Previous investigations have shown that plants are more 
susceptible to 2,4-D at higher temperatures (S, 10). The 
data presented here agree with those of Bryan, c/ d. {2) 
and indicate that increased absorption is a contributing factor 
to the greater susceptibility observed at higher temperatures. 

Less 2,4-D was absorbed by plants grown under moisture 
stress than by normal plants. According to Loomis (9) 
drought conditions are conducive to development of "differ- 
entiation processes" in the plant: growth is reduced, sugars 
acciunulate, and the cuticle is thickened. It seems probable 
that the clianges in the cuticle, in particular, contribute to 
reduced absorption under these conditions. A lowered gen- 
eral physiological activity could be contributoiy, also, by 
reducing plant responses. 

The pH of the spray solutions influenced absorption and 
final toxicity of 2,4-D solutions. Both the sodium and amine 
forms entered the plants more readily from solutions of 
pH 5 and 7 than of pH 9. There were no significant differ- 
enees between pH 5 and 7. The results obtained do not 
agree entirely with those of Hammer et al, (5) who found 
progressive increases in toxicity of the sodium salt with 
lowered pH ranging down to 2.5. The median ism of the 
interaction between 2,4-D toxicity and pH was not 
established. 

SUMMARY 

The absorption of 2,4-D compounds was studied by 
exposure of soybean or corn plants to the chemicals, and 
then washing the residues from the plant surfaces after speci- 
fied periods of time. Growth responses subsequent to treat- 
ment were the criteria used for evaluating the amount of 
2,4-D which entered the plants. 


The principal results of tliese investigations may be enu- 
merated as follows : 

1. The isopropyl ester of 2,4-D was absorbed by soybean 
and corn plants rapidly, the sodium salt was absorbed 
slowly, while the amine was intermediate in rate. Addition, 
of surface active agents to the spray solutions increased 
the rates of absorption of all the 2,4-D compounds. 

2. The differential toxidties of the 2,4-D compounds 
were decreased by surface activants. 

3. The rate of absorption was positively correlated with 
the exposure period. 

4. A reserve carbohydrate supply in soybean leaves was 
not essential for the absorption of 2,4-D. 

5. The rate of absorption \vas more rapid as the coiicea- 
tration of 2,4-D per unit volume of solution was increased. 

6. Plants grown With decreased soil moisture absorbed 
2,4-D more slowly than plants supplied with adequate water. 

7. The sodium and amine forms of 2,4-D were less toxic 
at pH 9 than at pH of 5 and 7. 

LITERATURE CITED 

1. Beevers, Harry, Goedschm IDT, E. P., and Koffler, Henry. 

The use of esters of biologically active weak acids in over- 
coming permeability difficuities. Archives Biochem., 39.*236-’ 
\238. 1952. .. ■ , 

2. Bryan, A. M., Staniforth, D. W., and Loomis, W. E. 

Absorption of 2,4-D by leaves. North Central Weed Con- 
trol Coiif. Proc., 7:92-95. 1950. 

3. Crafts, A. $. A theory of herbicidal action, Science, 108: 

:S5-86..' 1948 . 

4. Ennis, W. B., and Boyd, F. J. The response of kidneybean 

and .soybean plants to aqueous spray application of 2,4-D 
with and without Carbowax. Bot. Gaz, 107:552-559. 1946. 

5. Hammer, G. L., Lucus, E. H, and Sell, H. M. The effect 

of different acidity levels on the herbicidal action of the 
sodium salt of 2,4-dichloraplienoxyacetic acid. Mich. Agr, 
Exp. Sta. Quart. BuL, 29:337-342. 1947. 

6. Hauser, Ellis W., and Young, Dale W. Penetration and 

translocation of 2,4-D compounds. North Central Weed 
Control Conf., 9:27-31. 1953. 

7. Hitchcock, A. E., and Zimmerman, P. W. Activation of 

2,4-D by various adjuvants. Boyce Thompson Inst. Contr., 
15:173-193. 1948.- 

8. Kelly, Sally. The influence of temperature on the suscepti- 

bility of plants to 2,4-D. Am. Jour, Bot,, 35:810. 1948, 

9. Loomis, W. E, Growth-differentiation balance vs. carbohydrate- 

nitrogen ratio. Proc. Am. Soc. Hort. Science, 29:240-245. 
1931 

10. Marth, P. G, and Davis, F. F. Relation of temperature to 
the selective herbicidal effects of 2,4-D. Bot. Gaz., 106: 
463-472. 1945. 

IL Mitchell, J. W., and Brown, J. W. Movement of 2,4- 
dichlorophenoxyacetic add stimulus and its relation to the 


36 


AGRONOMY JOURNAL 


12 . 


translocation of organic food materials in plants. Hot. Gaz,, 
107:393-407. 1946. 

and Linder, Paul J. Absorption and translo- 


cation of radioactive 2,4-Dr by bean plants as affected by 
co-solvents and wetting agents. Science, 112:54-53. 1950. 

13. Rige, E. L. Absorption and translocation of ammonium 2,4- 

didilorophenoxyacetate by bean plants, Bot. Gaz., 109:301- 
314. 1948, 

14. Rohrbaugh, L. M., and Rice, E, L. Effect of application of 

sugar on the translocation of sodium 2,4-dichlorophenoxy- 


acetate by bean plants in the dark. Bot. Gaz,, lU. :85-S9. 
1949. ' d — 

15. Rossman,. E. G., and ^Syaniforth, D. W. , Effects of 2,4-0; 

■ on inbred dines and a single cross' of luaize, .Plant Physiol., 

' ' 24 ; 50 -- 74 . 1949 .- ' ■ 

16. Staniforth, David W., and Loomis, W. E. Surface actum 

■ in 2,4-D sprays. Science, 109:628-629. 1949. 

17 . Weaver, R. J., and DeRose, H. R. Absorption and trans- 

location of 2,4-dichlorophenoxyacetic Mid. Bot. Gaz., 107: 
509-521. 1946. 


High Altitude Meadows in Colorado: 1. Effect of Irrigation 

on Hay Yield and Quality^ 

Hayden K. Rousey Forrest M* Wiilhite, and David E. Miller^ 


T he high altitude meadows of the 11 western states com- 
prise approximately 3,800,000 acres with an average pro- 
duction of about 1.1 tons of hay per acre (7). Colorado 
has 550 to 600 diousand acres of high altitude meadows. 
Tiiey are used for the production of hay and for pasture 
and are an important part of the irrigated lands of the West. 

Livestock graxe tlie meadows in the spring and fall While 
the animals are on summer pasture, the meadows produce 
a crop of hay that is used as winter feed. This "'one crop ' 
system, in use for many years, is the common practice in 
most of the high altitude meadow areas. 

These high altitude areas have short grcwving seasons, low 
mean temperatures and high light intensities. The soil mantle 
is often shallow with so much organic matter incorporated 
in tlie top few indies as to form a mat. This soil mantle is 
usually underlain by sand, grai^el and cobble at depths vary- 
ing from a few inchc's to several feet below the .surface. 

Colorado randiers state that the yields of hay from their 
high altitude meadows have been dedining for a period of 
years. This decline may have resulted from several factors 
such as the following: 

(Ij Irrigation practices have been followed which involve 
excessive use of water. This has resulted in the development 
of a low yielding vegetation which includes a large popula- 
tion of sedges (Cm^ex spp.) and rushes (Jrmcm spp.). 

(2) Continuous cropping of hay has been practiced. This, 
combined with excessive irrigation, apparently has resulted in 
soils that have a thick sod cover and low levels of avail- 
able nutrients, especially nitrogen. 

In addition, much of the hay has been harvested at 
advanced stages of maturity. Work conducted on the high 
altitude meadow areas of Nevada (6) has shown that late 
harvesting results in decreased nutritive value of the hay. 
It is probable that maturity has the same effect on forage 
in Colorado, 
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Soil and Water Management Section, Soil and Water Conservation 
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From 1 930 tlirough 1933 An expen n ico i was uid ih ( 1 
to investigate the effects of in ipnncd irrigation pratiia-s. 
application of ccAiinierciai fertilisers, seeding legumes uMo 
the meadowSj and improved harvest management practice^, 
in relation to the yield and cjiulity of h.iy. This p.ijxT deals 
primarily with the effects of various irrigation {sraitices. 

; ' , mXERIAtS' AND METHODS 7^^ 

A high-aititude meadow near Gunnison, C'.olo., .u an elc\. ttiun 
of 7,460 feet, was chosen as the site for this study. The mean 
annual predpitatipn k approximately 10 inches with ahtmt 5 
inches occurring during the 4-m(mth growing season ( 3 ) . Tlie 
meadow is usually covered with snow from mid-November 
through March. Sub-freezing temperatures may be expected at 
any time, and have occunxd at least once in 47 of the 48 months 
of this study. Temperature variations of 5(E’ F. within an S-hour 
period are common during the growing season. Maximum air 
temperatures rarely exceed 82“ F, Minimum temperatures f»>r the 
3 winter months average approximately — 6.5" F. 

_ The experimental area is fairly represent.uive of much of th^ 
better-drained high-altitude meadow land in Ct>lorado. It is sub- 
ject to a high water table during the irrigation season. Hie soil 
is a loanv ranging in depth from 1 to more than 6li niches, am! 
is underlain with a s.md-gravel-cohblc substratum tvpical of manv 
Colorado high-altitude meadows. 

At the outset of the experiment the ve<^-tation was a mixture 
of smooth broint gra.ss iuvrmh Leyss), hluegrasses (PrKi 

spp.), and alsike chiver {Trifoljum h\hrjiium L.) with small 
amounts of timothy (Phkum pnth'fue L.), sedge.s f Ctrtx spp.) 
and uishes (] uncus spp.). 

A split-plot experiment was designed consisting of four irri- 
gation practices (plots 60 by 120 feet), two .sod management or 
seeding practices (plots 60 by 50 feet), eight fertility treatments 
(plots 14 by, 25 feet), and two hatvest management practices 
(plots 7 by 25 feet) in factorial combinatum and randtunized in 
each of four replications. 

In 1950 and 1951 the four irrigation practices investigated w^ere: 
thrc'e variations of flood irrigation — continuous, intermittent at 
short interval and intermittent at long interval; and sprinkler irri- 
gation, intermittent at^ short interval The short-interval and long- 
interval plots were irrigated w'hen soil moisture tension at a 6-inch 
soil depth reached 300 cm, and 600 cm, of water, respectively as 
determined by tensiometers. In 1952 and 1953 the iong-iate^I 
plots were irrigated when the soil moi.sture tension at a 6-inch 
dpth reached 5 atmospheres as. determined by u.se of Bouyoucos 
blocks. The change to a higher moisture tension was made because 
using tensions of 300 and 600 cm. of water did not give the 
desired differences in irrigation requirements. The soil moisture 

® Laboratory tests showed that a resistance of 9,000 ohms In the 
Bouyoucos blocks indicated a soil moisture tension of 5 atm. 
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ievel at a 6-indi depth under the short interval irrigation practices 
was maintained at or about 52%, which had been found to approxi- 
mate the held capacity for this soil. Irrigating at a tension of 5 
atmospheres permitted the soil moisture level to drop to about 
21% before irrigation. This drop represents a litili^ation of 85 %i 
of available soil moisture at the 6-inch depth between irrigations, 
based on a soil moisture level at 15 atmospheres (permanent wilt- 
ing point) of approximately 19%^ The water applied to the flc)od 
irrigated plots was measured on and off each plot over sharp 
crested weirs equipped with water level recorders. The amount 
of W'a ter applied by sprinkler irrigation w'as measured in cans. 

Sod management studies consisted of a comparison between the 
native sod and the native sod seeded to a mixture of mammoth 
red clover, alsike clover, and birdsfoot trefoil. The seed was 
applied broadcast. 

The eight fca-tility levels studied included a non- treated check- 
nitrogen at rates of dO, SO, and 160 pounds per acre, applied 
as ammonium nitrate; phosphorus at a rate of 200 pounds PsOr, 
per acre, applied as treble superphosi^bate; and applications of 
IDO, 200, and 4iW pounds of PijOs per acre in combination with 
a constant rate of 160 pounds of nitrogen per acre. Nitrogen 
applications wa^re repeated annually and were broadcast on the 
surface, with the exception of the first applkution, which was 
dnlled at a depth of approximately 3 inches. Phosphorus was 
.applied only in 1950 at a depth of. 3 inches. 

Harvest management was studied by comparing tlic results 
obtained fouii an early harvest wdth those from a late harvest. 
The early harvest method consisted of harvesting in early July 
follow^ed hv harvesting the aftermath in late August. The late 
liarvest ermsisted of a single cutting in late August. 

Visual estimations of the percentage of total ground cover 
attributable to each species were made prior to the early harvest 
each year, with the exception of 19502 

In addition to yields evf hay, the dfeas of the above practices 
on pt^rcentages of trude protein and total phospliorus, and yields 
of crude protein per acre and ttUal phospliorus uptake per acre 
were studied. I'nder the practices nunmonly eniployed in the 
mountain meadow areas such as excessive irrigation, harvesting 
at advanced .-.tages td maturity and no fertilization, the crude 
protein aiul p]'}<>s]dit>ri!s percentages frequently fall below minimum 
values regarded as essential for wintering of livestock (4). 

The Kjeldahl method designed to recover a>aly organic nitrei- 
gen Uvis used to determine crude protein percentages. In the 
total phosphorus analyses, the digestion mixture described by Bolin 
and Stamberg (2) Was used. The concenti-ation of phosphorus 
in the digestate was determined colorimetrically by the phospho- 
vanadomolybdate method as modified by Barton (1) . 

All data presented are based on hay oven-dried at TO"’ C. 


RESULTS AND DISCUSSION 


Comparison of Continuous and Intermittent 
Irrigation Practices 

In the first year, 1950, the ranchers’ methods of irrigation 
were supplanted by the experimental methods. During this 
transition year, there W'ere no signiiiamt differerices among 
the various irrigation treatments in any of the variables 
Studied, namely, hay yields, percent and yield of crude pro- 
tein, and percent and removai of phosphorus. Even though 
the continuous irrigation practices were used only during 
the latter part of the growing season in 1950, more than 
100 acre-indies of water were applied to produce 1 ton of 
hay as compared with 5 acre-inches under intermittent 
(sprinkler) irrigation. 

In 1951 ail irrigation practices were under control. The 
intennittent irrigations did not yield significantly more hay 
than continuous irrigation, except in the aftermath. How- 
ever, in tlie c|uaiity .factors, intermittent irrigation gave much 
better results than coutintious irrigation in all har\^ests. Table 
1 summarises the data showing the superiority of intermittent 
sprinkler irrigation cn^er continuous irrigation. Applications 
totaling 136 acre- indies of water were required to produce 
1 ton of hay by continuous irrigation compared with 1.2 
acre-inches per ton with the interniiltent irrigation. This 
water requirement for intermittent irrigation is iinusuvilly 
low, and probabl}' is due to a higli water table in the area 
which may have supplietl a portion of the required water 
to 1951, The 4 -year average requirement was 2,9 acre- inches 
. per .ton. 

Continuous irrigation was not studied after 1951. 


pSpciics vstimatitais were made by Bruno Klingejr, DepartmeW 
Botany, Colorado A M College; K. G. Brown and Dr, A. D. 
Dot,?enko, Ca)liU‘adr> Agr. Exp. Sta, 


Comparison of Sprinkler with Flood Irrigation Practices 

During the 4 years, 1950 to 1953, sprinkler and Hood 
irrigation pmctices have been compared using the same criteria 
for irrigation, tiameiy, a soil moisture tensioxi of 300 cm. 
of water at a 6-inch depth. There have been lio significant 
differences in hay yields or quality between the hays produced 
under the two practices. ; 

Widi respect to: the amount of water used, sprinkler irri- 
gation was more economical than flood irrigation. During 
1952, for example, under sprinkler irrigation, 2.5 acre-inches 


f ablv U — Yield tif hay, percent and yield of crude pnueiti, percent and removal of phosphorus, as affected by continuous 
and intermittent'"*' irrigation and harvest management, 1951, (means of sod management 

and fertilizer treatments). 


Irrigation Practice 


Continuous j Intermittent j L,S,D. (0.05)| Continuous Intermittent L.S.D. (0.05) 


Early cutting 


Aftermath cutting 


Tons hay/ acre t - . ~ - 

Percent crude protein t - - 

Pounds crude protein /acre f. 
Percent total phosphorus ft , 
Phosphorus removal f 


2.87 

9.8 

464 

.217 

10,82 


2.58 

13.3 

678 

.258 

13.15 


0,47 

13,3 

123:" .-' V 
' '■ , ',220 

2,21 


1,12 

16,1 

359 

.285 

6.05 


0.13 

2.9 

64 

.052 

1,65 


Early plus aftermath 


Late harvest 


Tons hay /acre t 

Percent crude protein t 

Pounds crude protein /acre t- 
Percent total phosphorus fj - 
Phosphonis removal t 


3.04 

7,6 

451 

9.62 


3.41 

9.4 

629 

.175 

11.45 


N.S. 

1.3 

; 122 " 

N.S. 

1,75 


* Sprinkler irrigatiem method, 
t Data are based on hay oven-dried at 70* C. 
t Means of native sod only. 
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IbOlbVacre Nitrogen 

Fig. l.-^Influence of imgatioa and nitrogen fertilization praette 
on vegetative composition, 1951. 
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of water were applied for each ton of hay produced com- 
pared to 8.2 acre-inches per ton with flood irrigation. 

Some Gonsideration should be given to the fact that this 
experiment was conducted on a relatively smooth meadow 
with a fairly uniform slope. This made possible the con- 
trol of flood irrigation water with greater precision and 
efficiency than would be possible on a rougher, less uniform 
area. It is suggested that with the latter conditions, the uni- 
formit}^ and efficiency of distribution by sprinkling methods 
might result in significant improvement in yield and quality 
of hay over flood irrigation. 


(>f nitrogen apparently stimulated the gr.isses to such an 
extent that the clovers were suppressed and the protein per- 
centages were decreased. Approximately 160 pounds of nitro- 
gen per acre were required to increase the protein in the 
grasses sufficiently to offset the loss of the clovers. Witli 
continuous irrigation, the clovers constituted a. lesser pt>rtion 
of the forage (see figure 1) and their suppression under 
nitrogen fertihijation was compensated by the effect of tlie 
lower rates of nitrogen fertiliser. 

The interactions between intermittent irrigations and fer- 
tilizer treatments were not signifiGint. 


Comparison of Flood Irrigation at Different 
Soil Moisture Tensions 

During 2 years, 1952 and 1953, direct comparisons have 
been made with respect to hay yields between one flood 
irrigation practice whidi provided for irrigation when the 
soil moisture tension reached 300 cm. water at a 6-mdr 
depth (short interval) and another practice wherein plots 
were irrigated when the soil moisture tension at the 6-indi 
deptli reached approximately 5 atmospheres. There have 
been no significant differences in yields of hay between the 
two practices. Intermittent irrigation at the short interval 
required six irrigations per year and application of 8.2 acre- 
inches of water per ton of hay produced. Irrigating at a 
soil moisture tension of 5 atmospheres resulted in four irri- 
gations per year and 5.1 acre-inchc.s of water per ton of 
hay produced were required. 

Effect of Imgation Practices on Vegetative Composition 

At the beginning of the experiment in 1950 all irriga- 
tion plots had substantially the same vegetative composition. 
The vegetative composition in 1951 is ' shown in figure 1. 
This comparison shows that continuous irrigation favored 
grasses and grass-like plants (sedges and rushes) and dis- 
couraged clovers. Differences in vegetative composition among 
plots receiving the several intermittent irrigation practices 
were small. 

Interaction of Irrigation Practices 
and Fertility Treatments 

In 1951, tile year in which the effect of continuous irriga- 
tion was observed, a significant interaction between irriga- 
tion practices and fertility treatments occurred in ail har- 
vests in percent and yield of crude protein. 

^ Under intermittent irrigation, the application of nitrogen 
fertilizer resulted in a lower protein percentage than was 
obtained where no nitrogen liad been applied. This effect 
was not generally observed under continuous irrigation. 
Crude protein yields per acre were somewhat increased over 
no treatment by all rates of nitrogen fertilization under con- 
tinuous irrigation in all but the aftermath harvest. Crude 
protein yields were not increased by nitrogen fertlLIzatian 
under intermittent irrigation except in the early harvest and 
then^ only where 160 pounds of nitrogen per acre had been 
applied. Nitrogen fertilization significantly decreased crude 
^ protein yields, compared to no fertilization, in the late and 
, aftemiath harvests where intermittent irrigation had been 
employed. Uiese relations are shown in tables 2 and 3 for 
■1; continuous and sprinkler irrigation. 

. _ This interaction may be partially explained by the dianges 
in species composition that occurred (see figure 1). Under 
intermittent irrigation, clovers were an important part of the 
forage: where no nitrogen had been applied. The addition 


Interaction of Irrigation and Harvest Management 
. Practices 

Under both continuous and intermittent irrigation prac- 
tices there has been little difference in the yield of hay 
between the two-harvest system (early harvest plus after- 
math) and the single-cut system (late harvest). In the 
quality factors, especially the production of crude protein, 

IRRIGATION PRACTICE 

Continuous Intermittent 

Legumes 

Grasses 

0 lb. /acre Nitrogen 


40 lb. /acre Nitrogen 


80 lb. /acre Nitrogen 




ROUSE ET AL.: EFFECT OF IRRIGATION ON HAY YIELD IN HIGH ALTITODE MEADOWS 

Table 2. — Effect of Irrigiit ton practices and nitrogen fertilization on crude protein percentages-^’ in hay, 15>5L 
(means of native sod and native sod seeded to legumes). 


Early harvest 


Nitrogen Applied Lb, acre 


Aftermath 
Irrigation Practice 


Late harvest 


L.S.D. (0.05) between nitrogen rates. 


Continuous 

Intermittent t 

Continuous 

Intermittent 

Continuous 

Intermittent 

9.5 

< 

13.8 

Umde protein percentages 

13.9 ! 18.5 

7.6 

11.3 

9.4 

12.6 

12.9 

17.5 

7.0 

8.6 

9.5 

12.4 

13,4 

16.4 

8.0 1 

8.2- 

10.6 

13.1 

11.9 

14.5 

:: 7.5 ■ 1 

9.1 

0.7 ■ 

1.0 i 

N.S, 

1.3 

N.S. 

1.0 


^ Data are based on hay civen-tlried at TO*" C, 
t Intennbtent irrigation fere refers to the sprinkler inethod. 


Tahkv 3. — Effect of irrigiitjon practices and nitrogen fertilization on pounds of crude protein per acre, 1951, 
(means of native sod and native sod seeded to legumes). 



Early i 

larvest 

Aftermath 

Early and 

aftermath 

Late harvest 

Nitrojren Fertilizi^r Applied Lb. acre 




Irrigation Practice 





Contiu” 

Inter- ^ 

Con tin- 

1 Inter-' , 

Contin- 

Inter- 1 

Contin- 

i Inter- 


uous 

I mittent* 

nous 

I mittent 

nous 

mittent | 

UOUS' ■; 

1 mittent 




Founds crude protein pei 

r-acre' 



■ 0 .,.,. 4,.; 

-- 330 ■ ■ 

■597 

122 

436 ' 

453 

1032 

360 

639 

40 

i 380 

- 584 

122 

374 

501 

957 

396 

506 

80.. : 

443 

595 

119 

338 

562 

932 

450 

• 547 

160. : 

528 , ! 

.'718 ' 

118 

1 .320' ^ 

646 

1038 

496 

692 

L.S.D. 10.05) between nitrogen rates,. 

57 ^ 

67 

N.S. 

■ ' 58 ■ : 

84 

107 

66 

f : .87 - 


irrigatioH here refers lo the spvir.kler melhod. 


the tvco-liaivest method has resulted in large improvements 
compared to the date harvest (see table- 1). 

By comparing the data in table 4, it is shown that the 
increases in yield of . crude protein ' and removal ■ of plios- ■ ■ 
piiorus from intenniltent irrigation over amtidiiioiiS irriga- 
tion are Iwo it> three times as great from the two-harvest 
iiiethoil as from the siiigle late harxest. 'Ilie same trend is 
indicatcil for Jiay yield although the difference between 
continuous and intermittent irrigation was not significant in 
either harvest method. 

The effect becomes particularly evident wlien the combi- 
nation of continuous irrigation and late harvest is compared 
with intermittent (sprinkler) irrigation and early harvest plus 
aftermath (table 1). Considering all seeding and fertility 
treatments, the former practice produced 431 pounds ot 
crude protein and 9.62 pounds of phosphorus in 1951 com- 
pared wn'th 1036 and 19.20 pounds for the latter practice. 
Under the common ranch-employed practices of continuous 
irrigation with a single-cutting, late harvest and no seeding 
or fertility treatments, a production of 349 pounds of crude 
protein per acre w^as attained. By the change in the irrigation 
practice to an intermittent mctliod, crude protein production 
was almost doubled — to 621 pounds per acre. By the further 
change to the two-aitting, early harvest method, production 
was tripled — to 1,024 pounds of crude protein. 


Table 4. — Improvement in yield and quality of hay as influenced 
by amtiimms and intermittentf itTigation, and early 
ami late harvests, 195 L 


Early 

harvest Late 
plu« harvest 

aftermath 


Hay yield — tons /acre.- - „ „ 

Crude protein yield — lbs., acre. 
Phosphorus removal—lbs. , 'acre.. 


0.85i 

449 ’^ 

6 . 67 * 


0 417 
ITS* 
1,83* 


t Inti^nnittent irrliraiKin ht-re reiV'Ts tu the ‘^prinkh*!* nH'tfeHl. 

•t Valuer shown \u'i-e coinpuU^ci hy subtracting the mean values for ail soil 
management and fertility treatments tinder continuous irrigation from cor- 
responding values fur ifn<‘rmittf!nt irrigation (table 1,). 

■" Indirai.es difference is significant at level. 


SUMMARY" 

Four irrigation practices, tw^'o sod management methods, 
eight fertilizer treatments and two harvest management sys- 
tems w^re investigated on an area fairly representative of 
the better drained high altitude meadows in Colorado, Results 
of the irrigation investigations are reported. The p^ractices 
were evaluated in terms of hay yield, percentage and yield 
of crude protein, percentage and removal of phosphorus, 
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change in species composition; and quantity of water ap 
per ton of hay produced. 

Intermittent irrigation practices were found to produce hay 
of better quality with much less irrigation water than the 
continuous irrigation. However, the intermittent irrigation 
practice did not result in significant increases in yield over 
the continuous irrigation excep’^t in the aftermath cutting. 

There were no significant differences in yield or cpuality 
of hay among the various intermittent irrigation practices, 
namely, sprinkler irrigation at the short interval, and flood 
irrigation at short and long intervals of time. Flood irri- 
gation at the short interval required application of more 
dian three times as much w^ater per ton of hay than did 
sprinkler irrigation at short interval. Flood irrigation at the 
short interval required that more water be apiplied per ton 
of hay produced and a greater number of irrigations than 
did flood irrigation at the long interval where water w^as 
afiplied when the soil moisture tension reached 5 atmospheres. 

Under intermittent irrigation, the application of nitrogen 
fertilizers at rates up to 160 pounds of nitrogen per acre 
resulted in lower percentages of crude protein than where 
no nitrogen had been applied. Under continuous irrigation, 
the protein percentages were not greatly influenced by these 
rates of application of nitrogen. Under intermittent irriga- 
tion, yields of crude protein per acre were increased only 
when rates of application of nitrogen fertilisers of 160 
pounds of nitrogen were applied. Under continuous irriga- 


tion, yields of crude protein per acre were somewhat increased 
over no treatment by all rates of nitrogen fertilisation, 

: .. /.Under a- tw^o-harvest systcan (early harvest plus' aftermath) 
the yield of crude protein and tlKC removal of phosphorus 
have lx‘en sighiiicantly greater than under the singlecut 
system (late harvest.) However, when the tvvo-har\est sys- 
tem is practiced in connection with intCTinittent irrigation, 
these increases are two to three times as great as when prac- 
ticed in connection with continuous irfigation. 

Continuous irrigation favored grasses and grass-! ike plants 
(sedges and rushes) and discouraged clovers. Intemiittent 
irrigation encouraged the growth of clovers. 
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Leaf Number in Mature Embryos of Inbred Lines of Dent Maize' 


J. E. Hubbard and Earl R. Leng“ 


ATTEMPTS to analyze complex characters of the maize 
plant_ have led in recent years to increased emphasis on 
investigations of its morpholog)- and development. Such 
investigations are especially necessary in the analysis of 
developmental patterns or rates. Ho\vever, studies of vege- 
tative parts, such as leaves, by conventional methods are 
subject to the limitation that a significant portion of the differ- 
entiation of these parts occurs during the development of the 
embryo, and has already been completed by the time the 
embryo is fully developed. 

Foliage leaf number in maize is a particularly interesting 
character in this respect, since several leaves become defi- 
nitely differentiated during the development of the embryo. 
Therefore, studies of leaf number, particularly if they con- 
cern rates or patterns of leaf initiation, would be incomplete 
without a knowledge of the "initial capital” involved, that 

* Contribution from the Department of Agronomy, Illinois Agr. 
Exp, Sta., Urbana, IlL Based in part on a thesis submitted by 
the senior author to the Graduate College, University of Illinois, 
in partial fulfillment of the requirements for the degree of Master 
of Science. Published with the approval of the Director of the 
. Illinois Agr. ‘Exp, Sta, Received for publication Aug. 26, 1954. 

Formerly graduate student, now Agricultural Technologist, 
Northern pihmion Research Branch, U.S.DA., Peoria, III. and 
Asmtant Professor of Plant ^ Genetics. The authors are grateful 
N, Mehrotra fpr making certain of the mature-plant .leaf 
„ counts reported in this paper. . 


is, the number ol\ djJIeiTirtiated leaves in mvtiurc cn>br\us 
oi types being studied. Only a !iniiu.‘ii ainouat of jutblishe<i 
inforimtion IxTiring on this question is avail.ihle. iUirehild 
(2) and Sass (4) have reported that mature rnaij^e t.,inhrvi.K‘v 
gciierali)^ have ih'e, but in sonic eases ditferenlhut^'d 

leaves. Tlic bulk of the material studied by Al>bt‘ and Stein 
(1) also showed live diflerentiated leaves in the embryo. 
However, little iniorniation Ills been published on eniluTO 
leal number in a range of maize types \ar)*ing widely ni 
maturity or total foliage leaf number, or o\i the possible 
relation of embryo leaf number to charaUerislies of the kcrad 
or the mature plant. 

It is the purpose of this paper to present data on the 
number of leaves differentiated in the mature embryos of a 
group of maize inbreds differing widely in total leaf nmiiber, 
maturity, and kernel size, and to discuss relationships observed 
between embryo leaf numbers and certain characteristics of 
the mature plants. 

MATERIAL AND METHODS 

Kernels used in the study of embtyo leaf number were 
selected from selfed seed lots of 14 standard inbred lines 
grown at Urbana, III, in 1946 and 1948. Only sound, whole 
kernels were selected for dissection and sectioning. 
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ctos.s-sfction through the shoot apex of a mature embryo of inbred line R53 
uuubering differentiated leaves; 1--5, embryo leaves; 6, shoot apex; 7, cokop 


diagram of the same section, illustrating 
le with its two vascular bundles; 8, scutelliim. 


The kernels were softened h)' soaking in distilled water; 
then the germs were earefuliy remo\’ed with a scalpel, fixed 
and embedded in parallin. Serial cross-sections, each approxi- 
mately 17 ji thick, were cut from top to base of the shoot, 
mounted and strained with safranin, OrangceG, tannic acid 
and iron-alum, acci)rdijtg to the schedule of Shatman (3). 

The leaf a.)iint on each embiyo was made from the single 
section showing the greatest degree of developneot of the 
last-differentiated leaf, nearest the shoot apex. The appear- 
ance of a typicai section from an embryo of inbred R3 3, 
together with the method of numbering the embryo leaves, 
is shown In figure 1. A leaf was regarded as differentiated, 
and counted, only if the line of demarcation between the 
shoot apex and the leaf w^is distinct. 

Data on total number of foiuige leaves of mature plants 
of the inbred lines were taken in 1948, 1930 and 1933, 
during the course of studies which have been reported else- 
where-”' (3). Accuracy of these determinations was insured 
In all cases by marking the fifth and tenth leaves daring 
the earlier part of the growing season, tagging the internode 
above the tenth leaf, and making final counts after tassel in g. 


Table L~— Leaf number in mature embryos of 14 inbred lines 
of corn, and its association with total foliage leaf number, 
maturity, and kernel weight. 


RESULTS AND DISCUSSION 

The inbred lines used in this study varied in total mature- 
plant foliage leaf number from less tlian 16 to more than 
23, in maturity from very e^irly to very late, and in kernel 
size from very small to exceptionally large (see table 1). 
Despite the wide range of variability in these characters, leaf 
number in the mature embryos of the lines studied was 
found to be remarkably uniform. No embryo of any line 
w^as found to lia\'e less than four or more than five differen- 
tiated leaves. The mean embryo leaf number of the 14 lines 
studied was 4.86, and only two inbreds, K4 and W23, had 
means of less than 4.7 embryo leaves. Of all embryos ex- 
amined, approximately 86% were found to have five differ- 
entiated leaves. 


Coefficients of eorrelation between: 

Embryo leaf number and mature-plant leaf number: 4 0.118 f 
Embryo leaf number and days to half-silk: -f0.004t 

Embryo leaf number and kernel weight: 4-0.610* 


* Siguificimt (5% level) , 
t Not signiftcunl. 

•I: DiUermiiuiliDn madi* and Ivrnished by H 


Correlation coefficients calculated between embrj'o leaf 
number and total foliage leaf number, days to half -silk, and 
kernel weight indicated a significant positive association 
between embryo leaf number and kernel weight, but not 
between embryo leaf number and the other characters (see 
table 1). The lack of association between embryo leaf num- 
ber and total foliage leaf number is illustrated by the fact 
that the inbreds R53 and Kys, whidi had the lowest and 
highest total foliage leaf numbers, respectively, in this study, 
both w^ere found to have fi\'e differentiated leaves in all 


"‘Mehrotra, H. N. Inheritance of foliage leaf number in maize. 
Unpuh. Ph,D. thesis. LIniversity of Illinois Library, Urbana, III. 
1954. 


Inbred line 

Total no. 
foliage 

1 leaves 
produced 

Mean no. 

; days to 
haif-silk 

Kernel 
weight, 
grams per 
100 kernels 

Leaf 
number 
in mature 
embryos 

R58 _ 

15.7' 

I ' ■■64' 

28.1 

5.0 

W26 

1 16. U 

68 

, 21.1 

5.0 


18.1 

70 

15.2 

4,2 

L317„- 

19.0 

77 

24.1 

4.9 

38-11 

20.3 

■ ■ 75 

26.3 

* 5.0 

k:201-g.-. 

1 '20:4| 

81 

38.9 

5.0 

K1 55 

20.81 

78 

■ 25. ", 

4.9 

€.1.7,. 

21. Sf 

77 

27.5 

4,7 



21,4 

83 

21.1 

4.5 



21, at 

77, 

30.0 

4.9 

WF9,„.. - 

21.8 

69 

28.3 

5,0 

C.I.21E^- 

22. n 

81 

31.0 

5.0 



22,11 

. ■ n : 

■ 27.5 :■ 

■' .4.7 

Kys- - 

i.. , 25.4,". 

43 ■83 ..'■■: :i 

^ 21.2 

5,0 

Means,.. 

' ; 20.4.': 

r .. '.75.7 
! '■ ' ' 

.,426.2'' 

■'4.86 ■■.'■' 



• 1 "Ik at Four Latitudes 

in the INTortheastern United States* 

V. G. Sprague, A. V. Havens, A. M. Decker, and K. E. Varney^ 


I f«S atmospheric conditions close to a sur- 

^ face (bare ground or a vegetative cover') differ mirkeX 

atThdStoTfM sheltered instruments usually ‘placed 

ifpinosdi Slfs the instruments 

fSeSr mus? W '"'‘-^^hmate. Ue weather 

orecasrer must have a representative iariie scale nirtnre nf 

the atmosphere on a continental (or even he.niinher?r.n 

basis. Stnctly localized weather conditions must be'Lduded. 

In -recent years, the importance of microclimate in anri 

components or the microclimate have been madf> 

locations. The usefulness of such investioa- 

»a,lo„ indica,SSe“vj; 1“ S' 

c^™,e between ft, „ic„laj,„ (lowSl Sigti 

■New Jersey, and virlont "" 4 * the Maryland, 

fication Au^. 26 , 1954, * ’ Received for puh* 

Assistant Pro- 

;.^ronomy,' Universi^’ of Ma^yknd aid’ Professor of 

Agfonoffly, Uhiyersi^of Vttmont, respStivdy.' ® of 


the atmospliere) and the macro or slandard i.iycr (.ihout 
feet above ground). ' '■ 

^ Such a network was established on a iinuu.i .scait- in 

virioHf ■“** 1 ’-.vc'ir strain test of ioract 

F|v.rScrJu % hy seven .state Agrict.ltumi 

hxixnmcn ^Stations and the U. S. Pasture J.ah,iratory At 
four locattons, Maryl.ind, New fersey. Pen. sylv .1 .„d 

Vermont air tempptures wetv mea.sitrcti .it tvo s icifted 

>i“ccssivl yuirs, 

OBSERVATIONS AND METHODS 

Si i4lo"j&ifAl »crs„Vir?a5i\Vt 
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embiyos exainined. These same inbred lines also represented 
the greatest extremes in maturity of the inbreds studied, 
dilfering 19 days in the number of days to half-silk, yet 

had identical embryo leaf numbers. 

The observed lack of association between embryo leaf 
number and inature-plant leaf number indicates that the lat- 
ter diaracter is essentially independent of developmental con- 
ditions which may influence the number of leaves differenti- 
ated during embryogeny. In other words, total foliage leaf 
number in maize apparently is not controlled or affected 
significant y by the "initial capital” of differentiated leaves 
in he fully-developed embryo. Studies involving only the 
otal wrw/it-r of foliage leaves produced can therefore be 
onducted without^relerence to variations in the number of 
leaves differentiated m the embryo. However, sufficient vari- 
abiliT apparently exists in embryo leaf niunber to warrant 
Its consideration m .studies which are concerned with the m/e 
of le.af initiation or development. 

SUMMARY 

The number of leaves differentiated in mature embryos 
was studied m 14 inbred lines of maize, and was foundio 

Wth less than 

lour or more than hve differentiated^^ W of 


the lines .studied were ioiind to have mean embryo leaf num- 
bers less than 4.7. 

Altheuigh the inbred linCwS studied represented a wide 
range of variation in total foliage leaf number and maturity, 
no association was found hetw'een these eliaraeters and embryo 
leal numher. A stati.stically signilkanr positive correlation 
(r zi: +0.610) was found between embryo leaf nuniber 
and kernel weight. 

It was concluded that total purdiution of ioliage leioes 
in pTdize is not controlled or aftec tcii significantly by the 
'’initial capital” of differentiated Iceuis m the fully -developed 
embiyfo. o v 
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SPRAGUE E'F AL.: AIR TEMPERATURES IN THE MICROCLIMATE IN NORTHEASTERN UNIl ED STATES 


2- hcmr iniervak during the day (6 a.m. to 6 pan.) and at 

3- hc)ur intervals during the night. In New Jersey, similar 
data were obtained with shielded inaximuni and ininimimi 
rhcnnonietcrs read daily. Daily maximum and minimum tem- 
peraiiircs at all stations were sutnmaia*zed by calendar months. 

During the winter, temperatures at the 3-inch level were 
cxrGLsionaily influenced by a snow cover. At the Maryland 
and Newv Jersey station this occurred too infrequently to be 
of signil'kance, but at Vermont it doubtless did influence the 
results, and also to some extent at Pennsylvania. 


RESULTS AND DISCUSSION 


As indicated earlietL^ the daily range of temperature at 
the 3"inch level is considerably greater than at the standard 
5-foot height. This is also shown in table 2 for the present 
study and may be seen graphically in figures 1 and 2. A 
radier pronounced trend of differences in the daily tempera- 
ture ranges between the two heights is evident at all four 
locatiiHis, (see figure 2). From April through October the 
greater daily ranges at the 3 -inch level are marked while 
during tlie winter season, tlie differences between the two 
levels are less. The smaller winter ranges result from more 
cloudiness and stronger winds which decrease the differences 
between the microclimate and macroclimate. During the evin- 
ter the greater differences in daily temperature ranges (figure 


2) occurred at Maryland and New Jersey, to a lesser extent 
at Pennsylvania, and to a much less extent in Vermont. The 
fact that the thermocouple at the 3-inch height in Vermont 
was more frequently insulated by a snow cover, than at the 
other stations, is a partial explanation for the results. In 
addition, winters are nonmlly more cloudy and windy at 
Vermont than at the other locations. 

Monthly averages of the mean daily maximum and mean 
daily minimum temperatures at the 3-iiich height are cojn- 
pared with those at the 5 -foot height at the same stations 
(see figiU'C 3). The greater daily ranges at the 3 -inch level 
in sununer are generally the result of higher maxima rather 
than of lower minima. This explains the tendeniy toward 
somewhat higher mean temperatures at the 3-inch level dur- 
ing the summer (figure 1). 

At Burlington, Vt., during the months of November, Jan- 
uary, Februar)% and March, the mean daily temperature range 
at the 3 -inch level under the snow is actually smaller than 
at the 3-foot level in the air. The microclimate under a per- 
sistent snow cover may be considerably less severe even in a 
cold climate than in a warm climate where a snow^ cover 


Gvigvr, K. The climate near the Harvard University 

Press, Cambridge, 'Mass. 1950'. . 

GSprague, V. G., Neuberger, Elans, Orgell, W. H., and Dodd, 
A, V. Air temperature distribution in the micfociimatic laver. 
Agron. Jour, 46:103-108. 1954. * ' 


Table 1.' — Latitude and elevation above (mean) sea level 
of coopeniting stations. 


Station 

Latitude ; 

Elevation 

Miles from 
coast 

College Park, Md.i. C..,.:. .. i 


9o ft. 

75 

New Brunswick, N. J, 

;''40" 88^ ': 

100 ft. 

25 

State College, Fa. j 

4(U48^ . 

1195 ft. 

200 

Burlington, Vt i 

■ 44"'4BF, ^ 

1 830 ft. 

150 



ApiiroxiisKifi' d'-'tance fnnri the Atlantic tJccati tuiij'tliiH'. 


Fig. 1.— Air temperature characteristics 3 inches and 5 feet above 
clipped Kentucky bluegrass sDd.s in Maryland, New Jerse 3 % 
Pennsylvania, and Vermemt. Average records obtained during 
1951 tu 1933, indusivc, except for August through November 
in Maryland where data, for 1951 only are available. 


I'abie a.—Mean daily temperature range’’* (degrees F.) at 3 inches and s feet abo^•e ground level, 1951 to 1953, inclusive, 

at four experiment stations. 


Month 

t 

Maryland 

New^ Jer.sey 

Pennsylvania 

Vermont 




Ranges degrees F*., at indicated heights 





3 in. 

5 ft. 

3 in. 

5 ft. 

' '3 in.; ■ 

' ■ A ft. 

' . ,:3 in.' 

t'-'' ' January 

16 

23 

17 


■ "14 , 

V" 'Vl4v'' 



? February 

20 

27 

17 

, . 2 :T ■ ■ ■ 

; 14-, .. 

; 16 

'17V ", 

V ■■ 14 " 

1 :'■■ ■ v ' March i.. ^ ... '.v.. ■.,, ':.■ 1 - .. ;■ 

19 

27 

■ -..TS - 


16 

-yym-:: . 

■ .,.,16'. 

15:' ' 

- ■■■ ApriL.. „ j ■ 

21 

32 

^ : . : 20.T ■ '■/:. 


17 

■ -"'22 ' ' 


20 

|T ■ ■ -May., .. 

24 

33 

y-'M' ' 


: 19.^ 

'.:■■■ 240 

■V .,2U 

26 

1: . 'June.. 

23 

"'yyM.r- : 

■ -26 


' '19' ." , ' 

T.. ": 27', V' 

■' 22" 

29 

July,.'. A. I 

25 

36 


33 

22 

2d 

'V'-'.' 2 ty y -i 

29 

I::..- August...;. . I;' 

24t 

'Vast-.'.'. 

'21;: 

-■;^:''32 

' my : 


21 

28 

September:.- ..c 





24 

y''^ B0yy . 

20 

25 

I "October.,/; ; 



23 

.-G:-3T.' 

21 

':yy:2d\\yyy 

18 

22 

|.; ; ''C' ^ V; ■ November,::.-' ; T Jr:;:;;-.: ;'y. 

20t i 

27 1 

21 


14 


13 

14 

S' -r ■■ - ^ ■ Oecember 

17 

23 

17 

21^ -V:"' 

14 

13 

14 

13 


* Afeaa daily maximum minusi mean daily minimum temperatures*. 

t These data are for the year 1951; data for 1952 and 1953 at the 3«mch height are not available. 
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Fig. 2.— Difference between the mean daily range of air tempera- 
ture at 3 inches and at 5 feet above clipped Kentucky bkiegrass 
sods in Maryland, New Jersey, Pennsylvania and Vermont (The 
5-foot height is taken at the zero line). The differences are 
consistently greater at the southern stations, and are greatest 
during xnidsumnier. 

is present only intermittently if at all Under these latter 
conditions low growing crops are exposed to much greater 
extremes in temperature and mucli more rapid and Irequent 
temperature changes. 

SUMMARY 

Daily maximum and minimum air temperatures were meas- 
ured at 3 inches and 5 feet above dipped grass sods in 
Maryland, New Jersey, Pennsylvania and Vermont during 
1951 to 1953v mclusive. 

Greatest daily ranges in maximum air temperatures were 
observed during the summer 3 inches above ground level and 


tiC 

+ 8 


A, MtA« OAltV MAXIMA 


B. ME AR 0 Aar MINIMA 


Fig. 3.' — Difference in the average mondilv nuiximufii and mini- 
mum temperature of air at heights tif 3 inches and 5 reel ahe»\e 
Kentucky hi uegf ass sods in Maryland, New Jtrsev, Fcons\ Ivani.i, 
and Vermont. The Tfoot height is taken as the aero line. 

particularly iit the meux* locations. In ihe.se .same 

locations during the winter, greatest eKlreiries in mitHniiim 
temperatures occurred near ground level At ihe iuuihtrn 
stations snow cover during the winter insuLiied ihe thernHe 
couples near ground level and reduced their diurnal change 
in temperatures. 


Book Revietm 


THE PLANT QUARANTINE PROBLEM 

VoL XI Amales Cryptogamhi ei Phytopathologici, hy 11'. A, 
McCubhin. Cope»hagefh 'Denmark, Ejnar Muuksgaard, 

2954. 255 pages, $4.S(). 

"A General Review of the Biological, Legal, Administrative 
and Public Relations of Plant Quarantine.s with Special Reference 
to the United States Situation/' is the descriptive subtitle of this 
extremely interesting and exceptionally literate work. The author 
of this review retired from the U.S.D.A. Bureau of Entomology 
and Plant Quaranhne in 1950 after more than 20 years of serv- 
ice. He had previously served in the state of Pennsylvania and 
in the Canadian federal service. This rich experience well quali- 
fied him for the task of bringing together under one cover the 
several aspects of plant quarantine. This summary is Tvritten not 
for plant quarantine officials, but for workers in related fields 
of research and teaching, for writers, editors, farm organization 
leaders, business people, and — one would hope — politicians.. Writ- 
ing thus for such^ a broad, yet specialized and responsible audience, 
the author has given his subject a deserved universal appeal, and 
has accomplished the task with singular skill. 

Separate chapters deal with the problem in the following as.pects: 
The Biological Background, Social and Economic Features, Legal 
Features, Administrative Aspects. Other chapters cover Appraisal 
/and Outlook and the World Situation, 

/ . , To illustrate the practical problems arising in the above aspects 
y of quarantine, another considers the potato root parasite, 

the golden nematode, which has been limited to the Long Island 
area since it was introduced some 24 years ago. An appendix 


lists tlie quarantines issued hy USDA <10 plant distasc sulqtan. 
from the inception of the Plant Quarantine Act ifi 1912. 

Mr. McCuhbin is confident that an tdfccliw quarantine system 
in the U, S. is both possible and attainable, ‘fhe lugh colt of 
such a system could he justly weighcil against the ctop hisses 
i-esulting from a succession of introikued pests, the burdens 
imp()sed on private individuals for pest control, mil the heavy 
public expenditures for research, extension, and dome.stic quaran- 
tine activities. "The building up of present quarantine accom- 
plishment int<) a completely adequate national protective system,* 
says Mr. McCubbin, "would appear to require only the exerusi 
of tho.se capabilities so characteristic of American gVnius-~'-pafient 
research, sound, practical organization, and the intelligent sup- 
port of an understanding public." 

While the international aspects of quarantine present each 
individual nation with added pn>blenis, there is ample ground- 
work already laid in the various agreements between nations, 
the author points out, proving^ that nations .recognize that so 
far as pests are concerned, "this is truly 'one world.’ " 

ELEMENTS OF ECOLOGY' 

By George L Clarke, New York, John \r4U \ and Sons. 

1954. 5S4 pages, |7.50. 

What the physiologist and psychologist are to the study of the 
human organism, the ecologist, is to the entire world of living 
thing.s. The former interest themselves in the dynamics td human 
adjustment— in the integrated forces that determine the course of 
human life; and the general ecologist divtcts^ his attention to the 








BOOK REVIEWS 45 


liynamit: interplay ol the forces relate . 7 // forms of life in one 

way t>r another and ultimattriy tt» t'ach (ather. 

br. CLirkii* has mack the signifiamcc of liis subject extremt-iy 
clear Irmii the* first page of the preface Dn tiiruiigh the entire 
book, lie presents a o»inplete ecological picture of plant and ani- 
mal life and the interrelatitaiship of bc»th and the physical fiirces 
in then environment, 

bfain chapter headiiigs inclutle I'he Viewpoint of Modern 
j:coh)g\, the Medium, the Substratum, Water, Temperature, Light, 
Oxygen and Catb(»n Dioxide, Nutrients, Relati<ais within the 
Sjxrcies. Relations between Species, The Community, Success and 
Fluctuation, and Dynamics of the Eccesystem. 

As an introduction to the fundamental relatitmships of ecology, 
the book is not only signiheant for students of ecology for 
whom it is primarily intended, but should be of great vahie to 
general biohrgy students. And certainly through a book of this 
scope, all crop and soil scientists wall be enriched by a more than 
nodding acquaintance with the held of study wdiich relates their 
own immediate wurk to the vast environment of other living 
things. The presentation is clear enough tt* benefit ii general reader. 

^ Dr. Clarke is /aadogist at Harvard University and marine 
biologist at Wot>ds Hole Oceanographic Institution. 

THE GARE AND FEEDlNCi OF GARDEN PLANTS 

P^ihi^med in ilh: .Voch/] p/y tlorhcultHn}! Si:}euce afid 

jijc SaiHitui' PcrPikvr AxsadaPou, U'\n/xi}igtoH, Dx C. 

195-f. IS4 

florne gardening and landscaping is undoubtedly the proto-type 
of alL 'diodt-yviurseif'’ projects. Here is a unique handbook for 
timst* householders wlm indulge in the pastime for whatever 
the reason, economic. j^syJiologital or sentimental. The lielpful 
infcuination is so wnded, reliable' an<i understandable that this 
Vidume should earn a widi- readership; and perhaps as a medium 
for disseminating scientifKaily founded agronomic principles on 
a popular level, it will turn inireasing numbers of city dwellers 
and tartuers as well to the profits and pleasures of gardening. 

Chapter heaihngs indicate the broad coverage: How Plants 
Grow*, Ir '^"ou Want a Good I.awn, Shrubs for the Home Grounds, 
Trees for the Hume Grounds, House PIant,s Bring Nature’s 
Beauty lnd<»ors, Fertilizers for Garden Fh,wver.s, How About a 
Vegetable Garden/ and Small Fruits for the Home Garden. 

Sixty-hve color plates help the reader diagnose nutrient defi- 
ciencies and insect damage in various plants and fruits. 

The book offers a welcome answer to much misleading and 
unfounded information cm ’’organic” gardening. The need for 
orgitnic matter is not challenged; but tfie reader is advised of 
its practical cost in sulhcient quantity alone to be benehcial. Authors 
point tnit that organic matter and commercial fertilizer comple- 
ment each other, and are both needed in the average garden. 

Gsntributors are Daniel G, Aldrich, jr., California Agr. Exp. 
■Sta.; H. G. Gauch. Univ, of Maryland; Fred V. Grau, West 
Piunt: fhaulucts C'orp.; tilenn W. Burton, U..S.D.A., Tifton, Ga.; 

N. W. Stuart, IJ.S.D.A.; E. P. (.hristopher, University of Rhode 
Island; Norinan I'. Childers, Now jersey Agr. Exp. Sta,; James 
M., Beattie, Gldt> Agr. Hxp. .Sta.; Conrad P. Link,^ ^ to 
Maryland; John G. Seely, Pennsylvania State Univ.; R. Milton 
Caiietom Vaughan Seed (iu., Clncago; Clharles J. Gould, Wa.sh- 
ington State College; R. L. Carolus, Michigan Agr. Exp. Sta.; 

O. A. Lorenz, California Agr. Hxp. Sta. 

BIG DAM FOOUSHNESS 

By Bimtr Ptivf'so/L NewdY&rk, 'Dephi- Adair 'Co. : 

1934^ 224 pagesn$3J0, ' 

It is the author's conviction, clearly presented, that in the name 
of flood control our natural .soil re.soiirce$ are being mismanaged 
gro.ssly according to a socialistic pattern expanding tow^ard national 
dimensions under pork-barrel policies. As the figurative title 
impiie.s, the author believe.s that the Army Engineering Method.s 
of trying to ’’cure” floods in the more level, agricultural Mid- 
continent by putting big dams into the larger stream “stems”, 
is bureaucratic ftndishness. 


This book is a clear exposition of the falkicies in believing ?> 

that big dams will control flood.s when the infiltration, or “insoak”, r 

of rain water at the point where it falls on the land will be 
the only real prevention. It presents evidence from .soil conser- s 

vation as flood prevention on farm demonstratians wdiich are 
national dividend paying investments for conserving soils \vhile | 

improving the farmer’s earning powers. For the author, preven- i 

tion of runoff water by iniiltration into the soil— not the cure of 
floods by big dams in the lower streams, i.s the proper approach 
to the flood problem in the Mid-continent. | 

Now that the fact is slowly dawning on us that a growing i: 

population calling for high food standards cannot long be main- | 

tained on shrinking numbers of arable acrecs of dwindling pro- 
tein. production each, it is high time that we become concerned i 

iibout our .soils and the rain water moving them and itself ;> 

off to the sea in wdiat is appropriately christened with the new 
name of “land-soup”. It i.s high time also that not only rural I 

folks, but the urban population as well, become alert to the ; 

political developments formulating the policies associateci with s! 

“flood control”. The author convinces u.s that there is a far- I 

filing call for a righteous indignation against the so-called flood A 

control that fails to rise above all that he found in it.— -W. A, g 

ALBRECffr. ' I 

I 

ASIA, EAST m SOUTH 

By Josifph £, Spe^^cer. New York, John lEV/r'V and Sons, 1954. ■ , ■, I 

455. pages, $8.50, ' " 

Whetlier friend, foe or neutral, the southea.st Asian wd I i con- !' 

tirme to have considerable influence on the life of the North j 

American for .some time to come. Joseph E. Spencer here offers ' \ 

the latter a detailed description of that important corner afl' the 
world, and an urgently needed explaruition of how and why 
the varied peoples and nations of smitheast Asia have developed t, 

the .stamp and character by which they are knoevn to ' 

of the world.' I' 

In this timely volume, Jo.seph Spemer; speaking primarily to \ 

the western reader, explains the environmental bases for the f, 

particular cultures which have dcvelciped in S(Hithea.st Asia. The f? 

soil scientist and agronomist will appreciate the chapters on | 

soils, plants, geomorphology and mineral geography. Other major | 

topics include the geography of animal distribution, the role of | 

fish and Ashing in regional economy, the geography of healtli I 

and disease. Of particular interest to the American reader is the | 

breakdown into separate discussions of each country: India, Burma, | 

Thailand, Indonesia, Malaya, the Indies, the Philippines, China, I 

Manchuria, Tibet, Korea and Japan. t 

To understand the complexities of political, economic, or mili- i‘ 

tary action wdth t>r against any i>ne or any combination of these 
nations, one must be familiar with the unique local and regional 
conditions \vhich helped create individual political entities. Dr. 
spencer points these out dearly and reliably. During the 193(fs 
he became intimately acquainted with his subject when he was | 

with the Ministry of Finance of the Chinese Nationalist govern- ,'i 

ment Wartime service took him further in India, Ceylon, Burma j 

and western China. He is now chairman nf the geography depart- j 

ment at the University of California, Lo.s Angeles. 

Science Re port. Y of the Research histltmeSf Tohoku University, 

Series D (Agriculture) VoL 5, Tohoku Llniversity, Sendai, Japan. j 

Research papers in English of which the following are representa- ! 

tive: “Response of rice plant varieties to amounts of aramooium j 

sulphate,”: “Physiologiail behavior of hydrogen sulfide in, the rice 
plant,” “Observations on the behavior of soft-rot bacteria in the 
rhizophere of Chinese cabbage.” 

Soil Science Annual, - IPSA. Poli.sh Soil Science Society, Warsaw, 

Poland. Technical papers on recent research in Poland. Some titles 
are: "Classification of Polish soils by the Polish Soil Science 
Society,” "Polish soils,” "The problem of natural cIa.ssification of 
soils,” "A system of soil clas.sification recently adopted in the 
USSR," "A new method for determining porosity, specific gravity 
and air capacity of soils.” 
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Bylaws— "Crop Science Divisions, American Society of Agronomy 


' ' ' A. Name ■■ 

The name of the Divisions shall be The Crop Science Divi- 
sions, American Society of Agronomy, 

B. Objectives 

The general objectives of The Crop Science Divisions shall be 
to advance research, extension and teaching of all basic and 
applied phases of The Crop Sciences and to cooperate with all 
other organizations and societies similarly interested in the improve- 
ment, production, management and utilization of held crops, 

C. Membership 

The membership of The Crop Science Divisions shall be those 
members of The American Society of Agj'onomy who indicate 
to 'the Society their interest in the general objectives of the 
Divisions. 

D. Officers 

5ec//W i.-~'The officers of The Crop Science Divisions shall 
be a President, a Vice President, who is the president-elect, and 
an Executive Secretary'. The Executive Secretary shall be the 
Executive Secretary of The American Society of Agronomy. 

Seiiwn 2.— The Vice President shall be elected by inail ballot 
sent to all members by the Executive Secretary at least 60 days 
in advance of the annual meeting. A Nominating Committee 
appointed by the President sjiall pn>p{»se the names of at least 
2 but not more than 4 nominees fur the positum. During tlwir 
terms of office, chairmen-elect of the Divisions are not eligible 
to be nominees for the Vice Presidency. 

Secthtt i,— The Vice President shall serve as Program Chair- 
man of the Crop Science Divisions. 

Secthn 4 . — ^The President and Vice President shall serve from 
the dose of the annual business meeting of The Cro-p Science 
Divisions to the close of the next business meeting. The Vice 
President shall succeed to the presidency at the close of the annual 
bu.siness meeting or earlier if for any reason the President cannot 
officiate during his term of office. 

Section — ^The duties of the President, Vice President and 
Executive Secretary shall be tho.se which usually pertain to the 
respective offices held or as prescdbed by the by-laws. 

E. Executive Committee 

The Executive Committee of The Crop Science Divisions shall 
consist of the President, the Vice President, the immediate Past 
President, the Chairmen and Vice Chairmen of the respective Divi- 
sions and the Executive Secretary, The Executive Committee shall 
act as the governing body of The Crop Science Divisions and 
shall prepare all program regulations. 

■ ;F.' Divisions 

Section J.-— The professional groups constituting the Crop 
Science Divisions shall be designated as Divisions in the follow- 
■ing fields;. ■ 

Division 7 — Breeding, Genetics and Cytology 
Division 8 — ^Physiology and Ecology 
Division 9 — Crop Production and Management 
Division 10 — Weeds and Weed Control 
Division 11 — Turf Management 
Division 12 — Seed Production and Technology 

Section 2.— -New Divisions may be organized by members with 
a common interest in a particular field upon approval of the 
Executive Committee of The Crop Science Divisions and in accord- 
ance with the by-laws of The American Society of Agronomy, 
Divisionis^may be terminated (l) by a vote of 2/3rds of the 
membership following 60 days notice to the membership by the 
Executive Committee, or (2) by a 2/3rds vote of the Executive 
Conmittee if a Division fails for 2 years to conduct a 1/2 day 
session of presented papers at the annual meetings. 


; Section ^ 3.'-Trhe Divisions . may pri.wrde in ■ their organization ■ 
for sub-divisions dealing with applied phases. 

Section 4.— The officers of each Division shall be a Chairman, 
a Vice Chairman, who is a chairman-elect, and the inimediate 
Past Chairman. 

Section .C—rhe Chairman shall preside at the annual business 
meeting of the JDivision. The Chairniiin and Vice Chiiirman in 
cooperation can designate themselves or another member to presitle 
at other sessions of the Division. 

Section 6. — The Vice Chairman shall he elected by halh*t at 
the scheduled business meeting of the Division from a slate prt- 
■' pared' by >a ■.Nominating Committee consisting of the 3 ' Past 
Chairmen. 

Section J.-^The Vice Chairman shall sutaid automatically 
the Chairmanship at the close of the atinual meeting my earlier if 
the Chairman for any reason cannot offiKiate during his term of 
office.-; 

Section 8.— The Vice Chairman shall act.^as tlie program chair- 
man for the Divisitin. 

Section P.^-^The officers of the Divisions -shall '■ be .respvuisibk: 
for the policies of 'the Divisions, subject- to the approval of 'the 
Executive Committee, 

, G, JVf.eeting$ ,' 

Section 1, — There shall he held annually a nueting of Ihe 
Crop Science Divisions for presentation of papers and the tians^ 
actiim of business. Divisional and general sessions shall ht.‘ heKi, 
at least one of which shall be a business session. 

Section 2. — Tlie time and place of the meetings siudl be thow 
determined by The American Society of Agronomy. 

Section 5. — Five percent of the paid-up membership i»t The 
Crop Science Divisions shall he considered a quorum. Prior to or 
at the time of each meeting the Treasufer of The American 
Society of Agronomy shall certify to the President the numhtr 
of paid-up members. 

Section 4, — ^At least^ one of the authors of papers must ht a 
member in good standing in I'he American Society of Agronomy 
except in the case of papers presented by invitation. 

H. Committees 

Section i.— The .standing committee.s of The Ciup Siiefue Divi- 
sions shall l>e appointed by the President. ’Fhev shall U‘ those 
as authorized by the Crop Science Divisions or th.e Executive 
Committee, 

Section 2.^-The program committee for the annual meeting 
shall consist of the President and the Vice President, 'ilu, Presi- 
dent shall be responsible for the general sessions of Tht* Oop 
Science Divisions. The Vice President with the advne and u op- 
eration of the President, shall be responsible fm final assembly 
of the Divisional programs and coordination of the overall pro- 
gram of the meetings. 

L Amendments 

^ Section i.—Any 20 or more iuembers of The Crop Science Divi- 
sions may initiate a proposed amendment to these by-laws. The 
amendment shall be submitted to the membership with recom- 
mendations of the Executive Committee either at ti)e next annual 
meeting or by mail ballot. 

Section 2, — ^1'he Executive Committee raav propose amendment.^ 
to these by-laws at anytime either by mail ballot or at the annual 
.meeting. ■ ■ ■ . ■■ . ■ ■ ■ 

Section 3.-~The Executive Committee shall submit the pro- 
posed amendments to the membership at least 60 days before 
theyt^ are voted on. Adoption of a proposed amendment shall 
require a majority vote of those present at an annual meeting or, 
if by mail ballot, a majority of all ballots returned within 60 
days after the date of the original mailing. 


Agronomic Ajfairs 


MEETINGS ' 

Fifb, 7-9, Southern Branch, Amencao Society of Agronomy, 
Brown Mote!, Ltniisville, Ky. 

Mar. 6-0, consecutive meetings, American Society of Photo- 
grammetry, March 6-9; American Congress of Surveying 
and Mapping, March 9*“ 12, Sho reham Hotel, Washington, 
IX C 

Aug, 1-6, 3fd Intefnationa! Congress of Biochemistry, Bros- 
sells, Belgium., . . 

Aug. 15-19, American Society of Agronomy and Soil Science 
Society of America, University of California College of 
Agriculture, Davis. 

April 27-29, Ariel Lands Svmposium (AAAS) Albuquerque, 
N, Mex. 


OFFICERS AND DIR,ECTORS, 1955, AMERICAN 
SOCIETY OF AGRONOMY 

OFFICERS 

PRESIDENT 

G, G. PoHtMAN, Univ. of West Virginia, Morgantown, W. Va. 

VICE-PRESIDENT 

I. I. loiiNSDN, Iowa State Ctdlegt, Ames, Iowa 

PAST-PRESIDENl' 

C. J. WH-LAKD, Ohio State Uonersit}, Cijlumbus, Ohio 
liXEXXmVE SLCJIETARY ^ 

:L.' CL. Month EV, American ■ Society; of .Agronomy, Madison, Wis/ 

BOARD OF DiREGTORS 

G. G. POHLMAN, L J. JOHNlsOIS;, C. J. WiLLAKD, and L. G. 
Monthey,. (SoaAy. &fjicers ar 'Ihted above). 

H. B. Russell, University of Illinois, Urbana, III,, President Soil 

Sckoce Sovkiy of America, 

G, H. STRiNGi'iELD, Ohk» Agncultm'al Experiment Station, Woos- 
ter, Ohio, President Crop'Sdeoce'.Ditismnsc 

J. C. Lowery, Alabama Polytechnic Institute, Auburn, Ala., P#'Ci/- 

dejH,- Agrommic ' Di 

.DIVISION REPRESHHTATIVBS 

(Most recent past chairmen and their alternates, the newly- 

eiecied chairmen), , 

!'>iridoo 1: Paa chair mao, Ti. R. HaIS.e, U.S.D.A., Fort Collins, 
fado,; chairman. W, Derby Laws, Texas Research Foiinda- 
tion, .Renner, Texc. ■ 

Division !l: Past ckin'man. C. A. Bt.ack, Iowa State College, 
Amva, fowa; chairman, G. D. Sui-RM AN, I University of Hawaii, 
Homdulu, T. H. 

Dirhion lU: Past chairman . J. P. Martin, l^niversity of Califor- 
nia, Riverside, Calif.; chairman, F. ,H. Broadrent, Cornell 
University, Ithaca, N. Y. 

Diiisitm /I"; Past chairman, K. C. BeRGI-k, University of Wis- 
tonsin, Madison, Wis.; chairman. D. G. Aldrich, Univer- 
sity of California, Riverside, Calif, 

Division Id Past chairman, O, C. Rogers, U.S.D.A., Beltsviile, 
Md.; chairman. C, P. Whiteside, Michigan State College, 
■East, Lansing, Mich., 

Division }^-A: Past chairman, John L. Retzer, U. S. Forest Serv- 
ice, Fort Collins, Colo.; chairman, Donald P. White, New^ 
York State College of Forestry, Syracuse, N, Y. 

Division VI: Past chairman, P. J. Zwerman, Cornell University, 
Ithaca, N. Y. ; chairman, W, H. Allaway, U.S.D.A., Belts- 
..ville, .Mdi ■ 

Division Vll: Past chairman, Paul H, Harvey., North Carolina 
State G:)llege, Raleigh, N. C.; chairman, E. H. Stanford, 
University of California, Davis, Calif. 

Division VUl: Past chairman, Dale Smith, University of Wis- 
consin; chairman, M, L, PeteRvSon, University of California, 
Davis. 

Division IX: Past chairman, B, A. Brown, University of Connecti- 
cut; Storrs, Conn.; chairman, R. M. Love, University of Cali- 
fornia, Davis. Calif. 


Division X: Past chairman, Hugh Inglis, University of Geoigia, 
Athens, Ga.; chairman, C. S. Garrison, U.S.D.A., Beltsviile, 

: Ud, 

Division XI: Past chairman, W. H. Daniel, Purdue University, 
Lafayette, Ind,: chairman, J. R. Watson, Toro Mfg. Gorp., 
Minneapolis, Minn. 

Dk’ision XIl: Past chairman, R. L. Timmons, Utah State Agricul- 
tural College, Logan, Utah; chairman, F. W. Sijfe, Univer- 
sity of Illinois, Urbana, 111, 

Diris/dn XJII: Past chairman. G. C. Klingman, North Carolina 
State College, Raleigh, N. C.; chairman, J. C. Lowery, Ala- 
bama Polytechnic Institute, Auburn, Ala. 

REGIONAL REPRESENIYVTIVES 

Western Branch: D. R, McAllister, Utah State Agricultural Col- 
lege, Logan, /Utah. ' 

North Central Branch: E, F. Frolik, University of Nebraska, Lin- 
coln, Nebr. 

Sonthern Branch: Eric Winters, University of Tennessee, Knox- 
ville, Tenn. 

Northeastern Branch: R. A, Struchtemkyer, University of Maine, 
Orono, Me. ■' ■ 

OTHER ALTHRNATHS 

D. W^, , Thorne,' Wcc president. Soil Science Society of 'America. 

_Utah S'tate Agricultural Cc:dlegt% Logan, ’Utah.' /■.'.,■ 

Cl. O. Mott, vice president. Crop Science ■Divisions, Purdue, Uni-'' 
/ ' versity, Lafayette, Ind, ' ■ . ■ 

OFFICERS OF THE SOIL SCIENCE SOCIETY 
OF AMERICA 1955 

PRESIDENT 

M. B. Russell, University of Illinois, Urbana, 111. 

VICE PRESIDENT 

D. D. Thorne, Utah State Agriculturai College, Logan, Utah. 

PAST PRESIDENT 

E. Tkuog, University of Wisconsin, Madison, Wk. 

SECRETARY -TREASURER 

L, G. Monthky, Soil Science Society of America, Madison, Wis. 
Division 1— Soil Fhysks 

Chairman, W. Drrby Laws, Texas Research Foundation, Renner, 

: Tex. ■: , / ■ ■■ 

JtVc c/?j/V/;/aw, Sterling A. B aylor, Utah State Agricultural Col- 
lege, Logan, Utah. 

Past chairman, H. R. Halsh, U.S.D.A., Fort Collins, Ctdo, 

Division II— Soil Chemistry 

Chairman, G. Donald Sherman, University of Hawaii, Flonolulu, 

T, H. 

Vice chairman, R. F. Rittemeier, Division of Soil Management, 

U. S.D.A., Beltsviile, Md. 

Past chairman, C. A. Black, Iowa State College, Ames, Iowa. 

Division HI — Soil Microbiology 

Chairman, F. E. Bkoadbent, Cornell University, Ithaca, N. Y. 
Vice chairman, Robert L. Starkey, Rutgers University, New 
Brunswick, N. J. 

Past chairman, J. F. Martin, Universitv of California, Riverside, 
Calif. 

Division lY — Soil Fertility and Fertiihers 

Chairman, W. L, Nelson, American Potash Institute, Lafayette, 

V ■Ind..':;.’:.; ■:;/ ■ "/.'■//■!. ;■ ' ' 

Vice chairman, D. G. Aldrich, University of California, River- 
side, Calif, 

Past chairman, K. C. Berger, University of Wisconsin, Madison. 

./''''/^■''Wisv:.^:.';:...^'//:-.;.':^:^/:/''://^ 
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Subdivision iV-A— Organic Soils 
Chairman, W. T, Forsee, jR,, University of Floricki, Belle Glade, 
JFIti ■ 

Vice cBuirmau, K: K Kretschmer, Jr., University of Florida, 
Belle Glade, Fla. . 

Past chairman. Lucas, Michigan State College, East Lansmg, 

Mich. 

Subdivision IV-B — Plant Nutrients 

Chairman, P. W. Gull, Spencer Chemical Co., Kansas City, Mo. 
Vice chairman, G. E. SMITH, University of Missouri, Columbia, 
Mo: 

Division V — Soil Genesis, Morphology, Classification 
and Cartography 

Chairman, E. P. Whiteside, Michigan State College, East Lansing, 
Michi. 

Vice chairman. Kov Simoksok, Soil Survey, U.S.D. A., Bdtsville, 
Md. : , ■ , 

Past chairman, O. C, Rogers, LT.S.DA., Beltsville, Md. 

Division Y-A. — Forest and Range Soils 

Chairmm, 'OcsHAUs P. White, New York State College of Foc' 
estiy, Syracu.se, N. Y. 

Vice chairman, C, T. Youngiverg, Oregon State College, Corvallis, 

■ Oreg. ■ 

Past chairman. John C. RirrzER, LF. S. Forest and Range Experi* 
ment Station, Fort Collins, Colo. 

Division YI— Soil Conservation, Irrigation, Drainage, 
and Tillage 

Wi H. Allawav, LLS.D. A., Beltsville, Md. 

Vice chairman, R. M. Hagan, University of California, Davis, 

■ . Calif.'.' ■ ■ ' . 

Past chairman, P. J. Zvvkrman, Cornell University, Ithaca, N. 

OFFICERS OF THE CROP SCIENCE DIVISIONS 
1955 

PRESIDENT 

C. H. Stringfield, Ohio Agricultural Experiment Station, ’'X'oos- 
ter, Ohio. 

VICE PRESIDENT 

G. O. Mott, Purdue University, Lafayette, Indiana. 

PAST PRESIDENT 

H. R, Ahlgren, University of Wisconsin, Madison, Wis. 

DIVISION YII-^BREBDING, GENETICS, AND CYTOLOGY 

Chairman, E. H. Stanford, LJniversity of California, Davis, Calif. 
Vice chairman, K. J. Frey, Iowa State Ctdlege, Ames, Iowa. 

Past chmrman, Paul H. Harvey, Nt>rth Carolina State College, 
Raleigh, N. G. 

DIVISION VIII— PHYSIOLOGY AND ECOLOGY 

Chairman, M. L. Peterson, University of Culift-unia, Davi.s, Calif. 
Vice chairman, W. K. Kennedy, Cornell University, Ithaca, N. Y, 
Past chairman. Dale Smith, University of Wisconsin, Madison. 

DIVISION IX-— CROP PRODUCTION AND MANAGEMENT 

Chairman, R, M. Love, University of California, Davis, Calif. 
Vice chairman, M. A. Hein, U.S.D.A., Beltsville, Md. 

.Past chairman, B. A. Brown, LTniversity of Connecticut, Storrs, 

^ Conn.’ 

DIVISION X— SEED PRODUCTION AND TECHNOLOGY 

Chairman, C, S. Garrison, U.S.D.A., Beltsville, Md. 

Vice chairman, S. R. Anderson, Ohio State UniversihL Columbus, 
Ohio. 

Past chdirmm, Hugh IngliS, University of Georgia, Athens, Ga. 

DIVISION xr— turfgrass management 

Chairman, J. R. Watson, Toro Mfg. Corp,, Minneapolis, Minn. 

Charles Wilson, 815 Oest^ Davis, Calif. 
-Past chairman, W. H. Daniel, Purdue University, Lafayette, Ind. 


DIVISION Xil— WEED CONTROL 

Chairman, F. W. Smff, University of Illinois, UrNina, III, 

U/cc chairman, R. J. AldiucH,' U.S.D.A., Rutgers University, New 
Brunswick, N. J. 

Past chairman, F. L. TiM'M'ONS, Utah State - CVdlt:g:c, .Logan, IJ tali, 

DIVLSION XiIlwVGR<)N()MC 

Chairman, I. C. Lowery, Alabam.i Pofvteduuc {iNtitutc. Auburn, 
Ala.' ^ 

Vice chairman, Darrel S. Mhtcalfh. fow.i State C(jl!ege 
Past chairman, G. C, Kling,m.a.n: North Carolina' State College, , 
Raleigh, N. C. 

SUBDIVISION XIH-A^-dlESlDENT TEACHING 

Chairvian, W.' 'J. Huddleston, Tennessee ' .lUlyleiJin sc Institute. 
Cookes vi lie, Tenn, 

Vice chairnhiu, KmmiTH Pattekso.n, 'NX^ishiogton State College, 
Pullman, Wash. 

Past chairman, Via C. Bhady, Cornell Univer-sity. Itiiaca, N. Y. 

SUBDIVISION XlHdC-TXITNSlO’N 

Chairman, Harold E. Jones, IFnis-'crsity ot Minnesota, Si. PauL 
Minn. 

LVce chairman, V. P, OsterlL Ihiiversity of Caltfomia. Davis., 
.Calif. ; 

Past chairman. E. ',l\. Di.tNtxvN, Iowa. State Cedlegr, Airies, luw.o ■ 

SUBD1V.IS10N xrii---™s''fijDi::Ni AC'iTv.rnEs 

Chairman. R. M. S\V{;nson; Michigan State (..thegs. Ihist Lansing, 
Midi. 

EVee chairman. H. D. Foth, Texas A and M Cedlirge, Ci.tl lege. Sta- 
tion, Tex. 

Past chairman. E. T. York;, North Caroh.i'j;.'i:Sta'|e RaltdrrfL 

. ' 'N.t:, ' . ■ 

APRIL I IS FIRST DEADLINE FOR ihSS ANNUAL 
MHiaiNG PAPERS 

April J is the deadline for filing titles and abstracts of p.ipcrs 
ti» he given at the 1955 annual meetings of tlie American Society 
of Agronomy and Soil Science Society of Aineric.u J’he.se sluudd 
be submitted to divisional program chairman on ilut date. 

Members, are asked to indicate the time requitid for (delivering 
the paper. Talks longer than 15 minutes must he ^:leared wiili 
the division program chairman. 

Program chairmen are as follows: 

J* Johnson, General Program CJiairman 

.S<uL Science Divisit>Ns (Soil Science Sot,f<'t\ of Anicrna), 

D. W. Thorne, vice-president in ihargi. i)f pjogratiL 
Div, I (S(ul Phy.sic.s): Sterling 'Favior, tUh State Agiiuihural 
College, htrgan, Utah. 

Div, n (Soil Chemistry): R. F. RrnE.MniK, I 'Sl>A Plant l^du.^- 
try. Station, Belt.sville, Md. 

Div. Ill (Soil Microbiology): R. I,. Starke, v, Rutgeie (hiiverdtu 
New Brunswick, N, J. 

Div. IV (Soil Fertility, lYrtilizefs and Plant NutritomU D, CL 
Aldrich, Cdilifornia Citrus Experiment SHtitm, RiversLie, 
Calif..' 

Subdiv. IVii (Organic Soils): A. ,E. KRF.TsniMi'H, Jr., Florida 
.Everglades Experiment Stuti(»n, Belk Glade, Fla. 

Subdiv, IVb (Plant .Nutrients) : G. H. Smith, Universitv of rMi.s* 
souri, Columbia, Mo. 

Div. V (Soil Genesis, Morphedogy and Cartography) r liar Sim- 
onson, Soil Survey Division, Soil Olnservation Service, 
Washington^ D, C. 

Div, V-A (Forest and Range Soils); C, T. VorKiiHFRG, Oregon 
State College, Corvallis, Oregon. 

Div. VI (Soil Conservation, Drainage, Irrigation and tillage): 

R. M. Hagan, University of California, Davis. Calif, 

Crop Science Divisions, G. O. Mott, vice-president 
and program chairman 

Divx VII (Crop Breeding): K, J. Fkfy, Iowa State College, Ames, 

:;Iowa.;'':;'^v'y:';;T''.y . ..o- 

Div, VIII (Crop Physiology and Ecology): W. K. Kennedy, Ct>r- 
nt‘li University, Ithaca, N. Y. 

Div, IX (Crop Production); Ml A. Hfin, USDA Plant Indus- 
try Station, Beltsville, Md. 
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Div. X (Seed Pr(jduttjon); S. R. Andi^son/ O iii(y State Univer- 
sity, Columbus, Ohio. , ■ , ■ 

Dh’. XI (Imtgrass Management): Cl G. Wilson,, S15 Xleste 
Drive, DavIs;, .California, 

Div. XII (Weeds and AViml CIontrol): R, J. Aldkigh, Rutgers 
■l.’iiivt:Tsity, .New .Ikunswick, N. J.' 

Aokonomic: EmiCATjox Division (XIII), Darrel Metcalfe, 
Iowa State C-olIegc% Ames, Iowa, vice chairman 
and program chairman. 

(1) Resident Teadiing section: J, K. Patterson, Washington 

State College. , ■ 

(2) Extension .section: Y. P. Osterli, Univ. of California, Davis, 
Calif. 

(3) Student Activities section: H. D, Foxi-i, Texas A&M, College 
Station, Texas. 

CHARLES W. DOM BY DIES IN GEORGIA 
Ch,\iuj:S W. Domby, soil scienti.st at the Georgia Experiment 
Statical, died shortly before Christmas in, Athens, Ga., following 
dti illness. Dr. Dtuiiby was born in Birmingham, Ala., March 29, 
1919. He received fus B. S. degree from Colorado State College, 
M. S. from the University of Georgia, and the Ph, D. degree from 
Purdue IJniversity in 1955. During World War 11, he served with 
the 5th Engineers Special Brigade which participated in the Nor- 
mandy invasion. He is survived by his wife and two children. 

; W. M. JARDiNE DIES IN. TEXAS . ■ 

W. M, Jardine, 76, former president and honorary life-time 
member of the American Society of Agronomy, and secretary of 
agriciilture in the Coolidge administration, 1924-1923, died Jan. 
17 in San Antonia, 1 ex. Dr. Jardine wxis president of the Society 
in 1917. At that time he was director of the Kansas Agricultural 
Experiment Station. He was la*et“ president of the college. 

His brotlier^ James T* Jardine, former director of research of 
USDA, died Oct. 24. J. T. Jardine W’-as head of the Oregon Agri- 
cult ural Experinient Station in 1920, and k'came chief of the 
USDA olfice of experiment stations in 1930. 

SEVENTH INTERNATIONAL GRASSLAND' CONGRESS ■ 
The Seventh International Grassland Congress will be held at 
Massey Agricultural College, Palmerston North, New 2)eaiand, 
daring the second week of November 1,956. It will last for one 
week and wall be foUow^ed by post-conference tours in both the 

North and South Islands, 

The Congress progritm comprises 12 half-day sessions and 
2 evening sessions. Each ses.sion wnli consist of a symposium 
of four papers dealing with a particular aspect of grassland prob- 
lems and research. 

Because the Congress is being held in New 2k;?aland the pro- 
gram has been deliberately given a bias towards New Zt‘aland 
grassland farming. Many of tlie sessions will, however, be deal- 
ing witli subjects of a general nature and an endeavor is being 
made to .secure as authors of papers leading grassland research 
workers of the wT)rId, ' 

Papers will be of a technical nature and wdll deal mainly 
with the results of research into problems and practices of grass- 
land farming. Particular emphasis is being laid on the pasture- 
animal complex.,'. 

Inquiries should be addressed to the Organising Secretary, 
Seventh Intern,itional Grassland Congress, P. O. Box 2298, Wel- 
lington, New Zealand. 

ICIA ACCEPTS NEVADA DEPARTMENT 
The International Crop Improvement Association accepted the 
application for membership from the Nevada Department of Agri- 
culture during the association annual meeting Nov. 8 to 11 at 
Toronto, Canada. 

More than 200 delegates attended the meeting which was 
climaxed by a visit to the Royal Agricultural Winter Fair. 
Nations represented were the U. S., (36 states and Alaska), Can- 
ada, Denmark, England, Italy and Sweden. 

Among special guests were Arne Kjaier, seed production 
specialist with the Food and Agriculture Organi^iation, Rome, 
Italy, and Dean Frank J. Wblch of the University of Kentucky, 
The 1955 annua! meeting of ICIA will be held at the Casa- 
blanca hotel, Miami Beach, Fla., Nov, 8 to U. 

According to R. H, Garrison, ICIA vice president, member- 
ship in the ICIA now stands as. follows: 

1 Alaskan certifying agency; 41 U. S. state certifying agencies, 
and 2 Canadian certifying ageflcie.s. 
















The Agronomy Club of low^a State College was named the 
best student agronomy organization of its kind in the United 
States and winner of a trophy and $100 presented by the Ameri- 
can Plant Food CoimciL The dub received the National Agron- 
omy Achievement Award for 1954 at the annual meeting of the 
American Society of Agronomy at St. Paul, Minn., in Novem- 
. her. ■ 

Shown above, Willard H. Garman, Council Agronomist 
(left), is presenting the trophy to Iowa State College Agron- 
omy Club President Galen Rozeboom (extreme right) as W,^H. 
Pierre, head of die department of agronomy at Iowa State Col- 
lege, looks on. 

MINNESOTA YOUTH IS PRESIDENT OF 
STUDENT AGRONOMISTS’ GROUP 

Lester SCH^fIDT, University of Minnesota student, was elected 
president of the student subdivision of the American Stxiety of 
Agronomy during the 1954 meeting of the organization at St 
Paul, Minn. 

Other new officers of the group are: Bo vd Stuhr, University 
of Nebraska, vice-president; Kenneth Munkres, Kansas State 
College, recording secretary ; James Hashnbeck, Oklahoma A&M 
College, corresponding .secretary ; and Jack. McDaniel, Univer- 
sity of Arkansas, treasurer. 

Retiring officers w’^ere: Te5C Axl and, Iowa State College, presi- 
dent; David Ward, Tennessee A and I State Llnivensity, vice 
president; Maynard King, Cornell University, recording secre- 
taryq Richard Humphreys, Oklahoma A and M, corresponding 
.secretary; and Dale Nitzel, University of Nebraska, trea.surer. 

COMPACTION COMMnTEE APPOINTED 

M. B, Russell, president of the Soil Science Society of America, 
has appointed the following as a committee to study the problems 
of soil compaction: 

W. H. Allaway, A. A. Klingeiuhl and P. J, Zwerman. 
They will work jointly with a similar committee appointed by 
the Agricultural Engineering Society. 

FOREST SCIENCE JOURNAL APPEARS 

The first is.sue of Forh.st Science, an international Jourmil of 
research and technical progress in forestrj% will appear in March, 
according to the chairman of its editorial board, S, H. Spurr, 
University of Michigan professor of .silviculture, A cooperative 
venture of the Society of American Foresters and other forest 
research and educational groups, the quarterly journal will publish 
articles on research, teaching and administration. 

AID FOR CHINESE REFUGEES 

Under provisions of the 1953 Refugee Relief Act, the Aid 
Chinese Intellectuals, Inc., 1790 Broadway, New York City, has 
begun a program of helping anti-communist refugee Chinese enter 
the United States, According to Frederic LeClercq, director of 
the group's re-settlement services, many of the registrants are 
highly qualified agronomists — both crops and .soil scientists. Many 
have been trained in U. S. institutions. Departments, agencies or 
private firms in a position to employ such personnel may list 
their available positions with the organization at the above address. 
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MICHIGAN STATE COLLEGE SPONSORS 
CENTENNIAL NUTRITION SYMPOSIUM 

The School of Agriculture of Michigan State College is spon- 
soring a centennial symposium, ''Nutrition of Plants, Animals, and 
Man” Feb. 14 to 1.6. It is one of the conummiorative events of 
the college’s centennial year. Off-campus speakers include L. A. 
Maynard, Cornell University; A. G. Norman, University of 
Michigan; K, G. Beeson, USDA; W. A. Albrecht, Univer- 
sity of Missouri; Dean E. N. Todhunthr, University of Alabama; 
W. J. Darby, Vanderbilt University; L. E, Clifgorn, Continental 
Can Co.: A. B. Keys, Universitv of Minnesota and O. V. Wells, 
..USDA. 

TWO CHANGES AT NORTH CAROLINA STATE COLLEGE 

R. W. Cummings, director of research at North Carolina State 
College, started a 2 -year leave of absence Dec. 1 to serve as proj- 
ect director of a technical assistance research program with the 
Foreign Operations Administration in Peru. In his absence, R. L. 
Lovvorn will serve as acting director of research. He has. been 
director of instruction since September 1953. 

SUMMER STATISTICS SESSION AT FLORIDA 

The second cooperative summer session in statistics will be 
held June 20 to July 29 at the University of Florida, Gaines- 
ville. The fir.st such session, sponsored by the University of 
Florida, North Carolina State College, Virginia Polytechnic insti- 
tute and the Southern Regional Education Board was held in 
1954 at North Carolina State College. The 1956 session will 
meet there again, and the 1957 session at Virginia Polytedinic 
Institute. The total tuition fee is $35. Holders of dodtorate 
degrees may register without payment (-)f tuition fee. Inquiries 
.should be addressed to Herbert A. Meyer, statistical laboratory, 
University of Florida, Gainesville, Fla. 

FERGUS NAMED 'MAN OF YEAR' 

E. N. Fergus, for 35 years a member of the: faculty of the Uni- 
versity of Kentucky College of Agriculture, wa.s named "Man 
of the Year” Nov. 29 at a meeting of the Southern Seedsmen’s 
Association in New Orleans. He is widely known for his work 
with grasses and legumes, including Kenland clover, Ky, 31 fescue 
and other forage crops. He has. been in charge of forage research 
since 1936, and at present is head of the Crops section of the 
agronomy department. He is a past chairman of the Agronomy 
Section of the Association of Southern Agricultural Workers and 
has served on the board of directors of the American Society 
of Agronomy. 

NEWS ITEMS 

W, H. Alderman, retired head of the horticultural depart- 
ment, University of Minnesota, has received the Wilder medal 
from the American Pomological Society. He recently returned 
from the University of Salonika in Greece where he served as 
Fulbright professor. 

' . 

Edward J. Pedersen, w^as transferred recently from his pu.sition 
as soil surveyor, SCS, for the northern Illinois area to Beltsville, 
Md., v^here he now has the position of soil chemist. From Sep- 
tember 1953 to June 1954 he had been on leave from the SCS 
doing graduate work at the University of Wisconsin. 

■ 

T. J. Stafford, formerly with the Universitv of Georgia, is 
now^ in charge of outfield sugarcane investigations' at the Louisiana 
Agricultural Experiment Station. His work involves determining 
the adaptability of newly released varieties to various .soil types 
throughout the sugarcane belt, 

^ Clinton A. MogEN, senior soil correlator, SCS, is now sta- 
tioned at North Dakota State College, Fargo, serving the area 
of North Dakota and Montana. 



Rao, professor and head of the agronomy depart- 
. ment, Balwant Rajput College, Agra, India, i.s with the Farm 
Crops department, Rutgers University, New Brunswick N T as 
a yisitmg professor on a Fulbright travel grant ' ' ' 


Iley E. Stokes, ■■ recently superintendent t>L the ' U. S.- Sugar 
Crops Field Station, Meridnin, Miss., has been transferred to the 
Plant Industry Station at Beltsville, Md,, where lie will beaime 
project leader for sugarcane and sugar .sorgluim researUs in tlie 
Sugar Crops Section. 

■ ^ ' 

P. .C. Sandal, formerly assistant ugivtnomist at lot: Univepity 
of Arkansas, has been associate agronomist at Ni>rth Dakota State 
College since Sept, 1. He is in cliarge of sweeiclover and su5,lan‘ 
grass breeding, and is ■ also teaching .genetics and p,lant hreeding. 
At Arkansas he was in charge of alfalfa ami lespedeza breeding 
and pasture research, and taught classes in forage cn.ips. genetics 
and plant breeding. 

■ A. L. Bakke, Iowa State College botanist, received the most 
distinguished service award of the North Central " Weed Contro'I 
Conference' for '1954. He was awarded a life' membership in the 
Conference. 

._„A 

T. J. Army, who recently conipleted his doctorate work 
North Carolina State College, is now stationed at Hozvinan. Mont., 
with the Western Section of the Soil auvl AXkiier C'onMrvatioU 
Research Branch, USDA. His invesrigations are ina in!'\ »oiherm-d 
with soil and management problems in dry Kurd agriculture. 

A_ 

David Framer has- been ;i.ssi.stant prttfessor and assistant resi, arcli 
speciali.st in microbiology at Rutgers Ihiivtisily since hi^ .ippiunr- 
meat July 1. His interests are primarily with mu! micrnhiologv. 
He received his doctorate from Rutgens in 1952 utter earlier studies 
at St. Johns University and 'I'exas A and M College. During 1952 
and 1953 he was a visiting research worker at th*/ Hutterwick 
Research Laboratorie.s of the Imperial Cheniiial Jndnstfii.-s, 

...A,. 

Edwakd A. Andrews began work Jan. ,! as an assistant prcj- 
lessor of plant pathology in the agronimiy department at the Uni- 
versity of Wyoming. He had been extension pathologist at Midii' 
gan State College since I94S. He replaces H. J. WALTims Avho 
is now at the University of ArkanikLs. 

_:A_' 

William D. Kemper, who recently completed his Fh.D. degree 
at North Carolina State College, is now assistant agronomist (soils) 
at the Colorado: Agricultural Experiment Station/and soil scientist 
for the Soil and Water Conservation Research Branch, ARS. USDA, 
at Fort Collins, Colo, He is conducting research in soils physics, 
and is on the graduate school faculty. 

A._J' 

John W. Schmidt has been directing state wheat and oat breed 
ing projects at the University of Nebraska sinu; Naw. I„ He suc- 
ceeds V. A, JOHNvSON who has betanne regional i.ouj\Juiator for 
hard red winter wheat investigations. Prof.' biimiitlt had luan at 
Kansas State College since July 1951 where he had tUniv work 
in wdieat genetics, principally in nionostHUii analvsis and Agro« 
tricum hybridization. 

■' PERSONNEL SERVICE ;■ 

The Perscmnel Service column is provided without charge to 
American Society of Agronomy and Soil Science SiRuety of America 
members. For all othets^ a charge of h made. Insertions are 
limited to 100 words, and should be submitted in duplicate. An 
item will be inserted one time only, hut will be given a key num- 
ber which will bey carried for five additional insertions unless a 
discontinue order i.s received. Items pertaining to soils positions 
will be inserted one time in the Soii SdtKcv'Smitn U Amemu 
Proceedh/g,r unka^ otherwise specified. The foikwing insertions, 
published in earlier issues, are still available: 8~ll 9-2. 11-1 

POSITIONS WANTED 

Microbiologist, Ph.D., wants academic appi>intment with more 
opportunity^ for research. Research experience on .symbiotic 
nitrogen fixing bacteria, microfioni of forage crops, and micro- 
biology of gnuss silage. Teaching experience. Available after 
June 20. 1-1 
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SERVICE FROM INDUSTRY 


Success in any industry is based upon the application of scientifically 
proven facts, to be used not only in production but in service to the consumer* 
The Americon Potash Industry seeks to provide this service through aiding the 
investigation of factors that influence the efficient use of potash and other plant 
foods by the farmer. Cooperation with official research and advisory groups 
through research and educational programs is furthering the development of 
practices which will result in bigger yields of high quality crops more econom- 
icaily produced. 

AMERICAN POTASH INSTITUTE, INC. 

1102 Sixteenth St., N. W. Washington 6, D, C. 

Member Companies: American Potash St Chemical Corporation ® Duval Sulphur St 
potash Company • Potash Company of America ® Southwest 
Potash Corporation ® United States Potash Company 


MOMlf JOIlAl 

Issued on the 20th of Each Month 
Business and Bditorkl Oitices at 2702 Monroe Street, 
Madison: 5, Wis. 

monthly nl Mailisoa, hy the American SocttJiy oi Agronomy. 
F.ntetv4 as se<ond r.Ufes inatier at the iKfetofike at Madison, Wib, Forms 
close 30 rlay.s prior to issuance of each number. 

Sul iscript ton rates: per year, postpaid, rviihin the L'luted Htutes 

■lUfl its pnsM'vsiou‘^, and t’anada; sintde copies, All oiIht siibscriplions 

:^in.r4t: single cctpies, 3IJ.S, Avaiialde Icu.k issues, thronuh Vol. 4fi, Sl.OG 
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The Effect of Clipping, Nitrogen Application, and Weather on the 
Productivity of Fall Sown Oats, Ryegrass and Crimson Clovery 


I. V, Crowder, O. E. Sell, and E. M, Parker- 


T iiERi: Ikih been an increased reliance on w'inter griming 
as a source of feed during the winter months in the 
soiilhcastcTo United States. li lias been found that liigh 
production arul dependability of wiiiter pastures are inllie 
diced by iacrors such as date of planting, fertiiiisatiori, rain- 
fall, temperature, and diseases' (3i -4, 5, 10). Burton, vi aL 
(3) reported that winter pasture crops differed in the pro- 
duction of fall forage, and that by rotationally gnis^ing sev- 
eral crops, an adequate supply of pasturage could be main- 
tained. However, since iiiany farmers rely on one winter 
grazing crop or mixture, it is necessary to secuix^maximum 
production on a small acreage. As a means of conscxiing 
winter pasturage, it has been suggested/’ that f enrage dgrtnvlT! 
be allowed to aciumuJale pricu: hi cold \vealher and that 
grazing be regulated during the winter months (3, 5, 10). 

Extensi\'e investigations have been conducted concerning 
the effects of rotational grazing and frequency of clipping 
of permanent pasture plants on animal and forage production. 
Camfliciing results have been reported, but usually rotational 
rather than continuous grazing has resulted in the mainte- 
nance of higher quality forage and improved animal per- 
formance (4, 6, 9, 13) . Frequent removal of foliage has 
resulted in a reduction of root and forage growth and a 
decrease in the iniount of lignin and iilx;r fractions, but the 
nitrogen, cfhu cNtract, ash, calcium, and phosphorus contents 
of the plant Ium been higher with siuh managemcnl. ( I, 2, 
4, -6, 7, 8,. 9, 1 1 12). 

Experiments lierein reporlvt! concerned the effects of 
weather, i'reqiiency of clipping and applications of nitrogen 
on the productivity of a mixture of fall sown oats, ryegrass, 
and crimstni i lover. Such a mixture is suitable for fail and 
winter graziiig. It was anticipated that the results of this 
investigahon could he used as an aid in planning a jnanage* 
JUent system for temporary winter pastures. 

MATERIALS AND METHODS 

In mid-Septcinher nf 1947. 1948, and 1949 a v inter pasture mix- 
ture consisting of 3 bushels per acre id" Arlington oats, 15 pounds of 
domestic ryegrass, and 15 pi)iinJs of Dixie crimson clover was 
sown on a. Davidson clay loam soil at Experiment, Ga. A uniform 
application t>f 6i)i) pounds per acre of lO-ltVlO fertiliiaer was 
made to the entire plot area before sowing. The oats were sown 
with a grain drill, and the ryegrass and crimsem clover were 
broadcast with a cyclone .seeder, 'Fhe area was cultipacked, Three 
forage clipping frequencies and three nitrogen top dressing treat- 
ments were arrangctl over this planting in a randomized block 

^Jtmrnul Series No. 268, Georgia Experiment Station, Experi- 
ment, Ga. Rev. for publication July 12, 1954. 

"Associate Agronomist; Head, Animal Industry Dept., and Assist- 
ant Agronomist Georgia Agr. Exp. Sta., the latter now with 
Spencer Chemical Co. 


design wdtli four replications, ’fhe clipping frequencies were spaced 
at 2-, 4-, and S-week intervals. The nitrogen top dressing rates 
were 16, 32, and 48 pounds per acre of nitrogen. Nitrogen appli- 
cations were made each month, beginning in October and con- 
tinued for 6 months. 

Clippings were begun in November when the forage was approxi- 
mately 10 inches high/and were repeated at 2-, 4-, and 8-\veek 
intervals, A sickle-bar mower w^a.s used to cut a 3-foot swath 
through the center of the plots which were 6 by 25 feet in size. 
The green weight of the forage from each plot was recorded, 
and a sample was taken for dry weight deterini nation. Dry forage 
from each treatment wvis analyzed for protein; for the first year 
calcium and phosphorus tieterminations were made.'* 

Forage accumulations have been reported on a bi-monthly basis 
since it was found that these data were niiue closely corrtda ted 
w'ith the weather data, and since the data from the 8-week clipping 
interval fit this classification. Forage production for each bi-monthly 
period was correlated wdth the following weather data for the 
same period: rainfall, sunshine (recorded as gram calories per 
square cm. on a horizontal surface), and temperature (number 
of hours per bi-numthly periocl above 45'"' F). Simple correla- 
tions were made between forage yields and each w^'eather v^anable, 
using the total bi-monthly dry forage accumulations from each 
treatment for each of the 3 years. The effect of each wvather 
variable was determined by use of partial correlations. 

RESULTS AND DISCUSSION 

Effect of Clipping Interval on Bi-monthly Forage Yield 

During the fall and early winter growth period (Novem- 
ber -December Hipping period) the forage yields for the 
2- aiul 4 -week clipping trcvitment were variable from year 
to year but the difference between them was not signiheant. 
The 8- week dipping treatment resulted in approximate^ 
60^ f more forage during the fail of 1947 and 1948 than 
the 2- and 4-week interx'als. Production resulting from the 
dipping treatments wa.s not different in the fall of 1949 
and probably resulted from km^ and irregular rainfall from 
September through December. The trend of production dur- 
ing the fail and early winter is Illustrated by the November- 
December liarvest data shown in table 1. Yields ranged from 
500 to 1,500 pounds of dry matter per acre. Since little dif- 
ference occurred between the 2- and 4-weck dipping intervak 
these data might indicate that continuous or short rotational 
grazing of a temporar}^ winter pasture mixture such as oats- 
ryegrass-crimson ckw'cr could be practiced in the fall. 

Rate of growth during Januar)^ and February was ra\'ored 
by the extended dipping intervals. The 8-wcek dipping 
resulted in 50 and 100*^4 more torage thvXn the 4- and 
2-week dipping intervals, being 1,645, 1,090, and 800 
pounds per acre, re.spectively (table 1). These results sug- 
gest that temporary winter pastures sliould be grazed less 

•* Chemical analyses were made by the late 'F. C. Dulin, Assist- 
ant Chemist, Georgia Exp, Sta. w’ho used official AO AC methods- 


AGRONOMY jOLU<NAL 


Table L — Dry forage productioa of aa oats-ryegrass-crimson 
clover mixture as influenced by dipping treatment.*'' 


Table 2.— E fleet of nitrogen applkatitm ami dipping interval 
on the total dry forage produced by an oats-ryegras^i- 
crimstm dover mijcture. 


Pounds of dry matter obtained 


Clipping 

interval 

1 November- 

January- 

March- 

Total 


December 

February 

April 

2 -week.. . . . - 

730 

800 

1810 

8340 

4- week-.- _ 

820 

1090 1 

2660 

4420 

8-week- . - - 

1025 

1645 

8540 

6210 

5% L.S.D..,, 

111 

109 

[ 

174 

291 


i Pounds per uert* of dry inalttT ^vhen 
i topdrossc'd wifh the folltAtiug 
Clipping interval I amounts of N per aere'^ 


•' Clipping was begun in November and thereafter at the prede term i tied 
interval. Figures are 3-3'ear average*! <)f nitrogen treat mentn, i947 to 1950. 

intensely during the winter. A practical solution to the prob- 
lem of nuintenance of an adequate supply of winter pas- 
turage would probably be to regulate grazing during the 
fall and winter; i.e., permit the animals to graze for several 
hours, then return them to a holding pasture. 

Rapid plant growth usually began in late February so 
that production of all treatments was high during March 
and April (table 1). Forage yields were significantly increased 
during this period with extended clipping intervals but growth 
under the 2-week interval was suflident to have permitted 
continuous grazing and lieavy stocking rates in the spring. 

Effect of Nitrogen Application on Forage Yield 

i The annual response to nitrogen was similar from year 

to year, there being no significant interactioa with years or 
clipping treatment 

During the November-December growing periixi no In- 
‘ . creased response to monthly applications of 32 and 48 pounds 

per acre of nitrogen was obtained as compared to 1 6 pounds. 
However, forage returns w^ere significantly increased by the 
two heavier rates during the January-February and March- 
April periods so that total dry matter accimuilations were 
positively related to the amount of nitrogen applied (table 2). 
No doubt the heavier rains which fell during the winter 
and early spring resulted in leaching of the nitrogen from 
the soil so that a nitrogen effect was expressed by the higher 
rates of application. Monthly topdressings of nitrogen prob- 
ably would not be economical but these data indicated that 
an additional winter topdressing may be needed to stimulate 
growth during warm winter periods. 

Chemical Composition of the Forage 

Chemical analyses showed that the herbage was high in 
> , •* protein and contained adeejuate phosphate and calcium for 

r . : ' animal requirements. The crude protein content of the for- 

age (dry basis) was as high as 35% in the fall and winter 
^ but deaeased to 10%. in the spring as the plants became 
mature (table 3). More detailed analyses indicated that the 
; proportion of nitrate nitrogen found in winter pasture herb- 

: , age which had above 30% crude protein approached a danger 

] ; ; level during midwinter. During periods of slow plant growth 

. ' (low forage yields) amounts up to 0.6 of one percent were 

’ . ; ■ ^ - found in forage removed in January and February from the 

f / plots being clipped each 2 weeks and receiving 48 pounds 

I . of, nitrogen per month. Delay in dipping resulted in a 

, r , sward whidi w4s lower in nitrogen content, the dipping 

■' . ' ; ‘ effect being more evident in late winter and spring. Monthly 

•h [ applications of 32 and 48 pounds per acre of nitrogen 
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Table 3.*— Crude peutdit of oats-fvegrass-irinisoii cbivcr forage 
as influenced by i lipping frequeavv. 



I 

' Percentage i*) 

mde , protein for hi ■■•monthly 



pentHb" 


vaippiiig 

interval 

November- 

1 January- ' i 

' Marele,A pH! 

, - i 

Deeembf^r , 

1 February , i 


2 -week . ..... | 

I 28.44 '1 

; 29.55 1 

1 22,00 

4-week 

28.11 

1 27,86 i 

17,44.. 

8-week | 

26,77 

21.66 i 

■ 10. M 

5%‘ L.S.D. j 

. • : . ' ;• 

1 1.71 

; 3.83 i 

. 4.2K 
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Table 4.— VC’eathtT data and dr\ 
for hi-momhly period' 

Kuagt* NkddN 

S. ■ ■ 


Dry 

Hr.s. per 



Period 

forage 

month 

Riiinfail 

Siinsh,i!M* 


lbs 

above 

, inehes' 

' ■ gm. . 


aero 

45''^- P., ■ 


eal em - 

Nov.-Dee., 1947 

610 

997 ' 

c 12.0 

,11.000 

Nov, “Dee., 1948 

1440 

1351 

■ I'H.O 

■ 11.400 

Nov.'-Dee., 1949. 

300 

1161 

,'■.5.11 Y 

12.. 300 

Jan.-Feb., 1948 

A 700 

820 ' 

■ ' 9.8'.' 

iOvoOo 

Jan. -Feb., 1949 ; 

LiJO. 

M(KI 

1 ': ! 

; 14.400 

Jan.HAJ)., 1950 i 

. 1960^ : : 

, 1320 

1 '-'n .l :- 

If , 15.200 ■ 

Mar, Apr., 1948 . .. | 

Jill)' • 1 

f'' 1363. 

i" g'i.B : ■ 

! ' 25,900 ' i 

Mar. - Apr,, 1949 . | 

2750..': 

' 1299 . 

f > S-!- 

; 25,400 

Mar. Apr., 1950. ; 

, 2170 , , 

! . 1166 ■ 

j- ''7.5^ 

; 29.000 

j 









■ Dry fora^^t* fkiovs an* Pkf dippini-r ami i!inuua*n UvaUiaoii-: 

resulted in a slight increase in the prutein tonient ol" the 
forage as compared to the i6-pounJ treatment hut tlie dif- 
ference was not as pronounced a.s the etfea of flic tsiore 
frequent clipping versus the delayed clipping treatment. 

The amount of pho.sphorus in the forage wa.s founii ttj be 
above 0.70, 0.9“!, and 0.80% for the Ntnember-Decetnl'wr. 
January-February and Marclv-April period,s, respectively. For 
the same periods the calcium content averaged O.-'lo. 0,53 and 
0.46%. Delayed clipping resulted in a slight dtireasc in the 
amount of phosphorus and caleiuni in the herbage at each 
harvest date, while nitrogen applications of nutre than 16 
pounds per acre had no apparent effect on the jx'rcentage 
of these two minerals. 




CROWDER EX AL.: EFFECT OF CLIPPING ON PRODUCTIVITY OF FALL-SOWN (jAiS 


Botanical Composition of Forage 

Forage liarvested in November was about 95 oats, Dur- 
iog December through February the r 3 ’egrass made sufficient 
growth to contribute 30^i of the pasturage. Crimson clover 
iKided very little to the herbage content until late winter, and 
then only on plots clipped every 8 weeks and top-dressed 
with 16 pounds ot nitrogen. The more frequent clipping 
and higlier nitrogen applications stimulated tillering and 
growth of the grass and apparently suppressed clover growTh. 
ITom counts made in January of eadu year it was found 
that shoots per plant of oats and ryegrass averaged 30% 
lower with each dekiyed clipping intcrvalV but vveixr increased 
about 155r with each increment of nitrogen. Tiilering aver- 
aged 5.5, 3.6, and 2.7 shoots per plant 'for ■ the 2'-, 4-, and 
8-\veek clipping intervals, and 2.6, 3.5. and 4.0 for the 
I6, 32, and 48 pounds per acre of nitrogen treatments, 
respectively. 

Weather Date and Forage Yields 

During tlie fall and early winter, forage growth varied 
signihtandy from year to year. It was apparent that germi- 
nation and the atcumulation of dry matter in September, 
October, and November, when the plants were being estab- 
lished, were dependent to a .great ejctcnt on rainfall .during 
the same period. Rainfall for the .3 months, September 
through November, was H),8, 19.6, and 6.0 indies for 1947, 
1948 and l9-f9. respect iseiy. Dry matter harvested in Novem- 
ber for eai’h of the 3 years averaged 450, 950, and 150 
pounds per a<.re (r r:: 0.96 for llie \ atiables rainfall and 
lorage yield). Past wcatlier records showed that in most of 
the southeastern United States These 3 inonths constitute the 
period of least rainfall for the entire year. This is the time 
for establishment of many pemianent pasture crops and par- 
ticuiarly temporary winter gracing crops. A survey of weather 
records disclosed that in the Georgia Piedmont, 14 of the 
jiast 30 years had an average of less than 0.25 of an indi 
;uid 18 of 30 years had less than 0.50 of an inch of rain- 
fall per week from September through November. Thus, 
pasture establishment ind e irlv csititer forage production ma}' 
be limited intl Mmitwlni ha/irdous in some areas of the 
Southeast. Ibwcssr c irH ’-icdbcd preparation, using meth- 
oiis which .ud m conscrx jng sod moisture, can obviate these 
liazards to some extent. 

A\erage or niiu'e rain fell during the other periods of 
the growing season except for November and DevCmber in 
1949, wlien it amounted to only 5 inches (tabled). A high 
correlation lalue (0.96) existed between rainfall and the 
amoimt of forage harvested during the Noveniber-Deccmber 
and March-April periods. Partial correlations disclosed tliat 
rainfall and temperature were interrelated during the pL'riod 
from planting through November, but their influence on 
forage growth was independent during the November- 
December Iiarvest period. Rainfall was not a factor wlilch 
affected production during the January'-February period. 

Eleavy rainfall usually oc:curs throughout the Southeast 
from December through February. If adequate stands are 
present and plant nutrients are not limiting factors, data 
from the present experiment indicate that plant growth dur- 
ing the winter will probably be dependent on the tempera- 
ture and .solar radiation. The number of hours with tempera- 
tures above 45*^^ F. wcis found to be more closely correlated 
with forage production than the number of hours above any 
other temperature. This finding that temperature affected 
plant growth processes appears to be in accordance wdth 


Blackman’s (2) report that uptake of nitrogen by cereals 
was higher at 45 than at lower temperaiures. 

Correlation values of 0,75, 0.89, and 0.98 were found 
for forage yields and temperatures during the November-- 
December, January-February, and March- April harvest peri- 
ods, respectively. From partial correlation values, it appeared 
that the number of hours above 45^ F. during January and 
February was dependent on the amount of solar radiation. 
No relationship existed between the two for the other peri- 
ods. The number of hours above 45” F. varied from year 
to year (table 4) and from month to month. Within the 
growing season the temperature rose abo\'c 45® F. for onljf 
a few houi:5 per day, or for a continuous period of several 
days — at times for longer than a week. Forage harvested 
during January and February of 1949 and 1950 averaged 
from to 1 ton of dry matter per acre when the tempera- 
ture remained above 45® F. for 856F of the time (I,30U 
houi's). On the other hand, less than 1/3 ton of pasturage 
was available when the temperature reioaiiied above 45^ F. 
for 800 hours, or 55% of the period (table 4). If it can 
be assumed that temperatures above 45® F. for at least 500 
hours per month are necessary to permit sufficient growth to 
supply adequate grazing, then it is likely, from past weather 
data, that I out of 2 years will be wrirm enough to permit 
growth for grazing during the winter. 

The amount of sunshine as measured in gm. cal/au,- was 
lower during Nov'embcr-Deceniber than the other periods 
(table 4). However, it was only during the Januaiy-February 
period that sunlight was signitKantiy corredated with forage 
production (0.98), This reiatkmship was not a simple light 
effect since partial correlati on valves showed that tempera- 
ture and light were interrelated. 

CONCLUSIONS ^ ^ ^ ^ 

A mixture of Arlington oats, domestic fyegrass, and Dixie 
crimson clover was sown in plots at Experiment, Georgia, in 
mid-September of 1947, 1948, and 1949. Beginning in 
October and continuing for 6 months the plots were top- 
dressed with monthly applications of 16, 32, and 48 pounds 
of nitrogen per acre. Clipping was begun in November and 
spaced at intervals o( 2, i, iind 8 weeks. 

Dry matter yields were greatest with the longest interval 
between dippings (the 8- week treatment). Little difference 
in productivity occurred between the 2- and 4-wcck intervals 
during the foil. However, the 4-week dipping treatment 
resulted in more forage production during the winter and 
spring tlian did the 2-\veek interval These results indicate 
that regulated or rotational grazing should be practiced, par- 
ticularly in the fall and early winter wdien growth is largely 
dependent on rainfall and temperature. 

Monthly nitrogen top-dressing applications did not alter 
the forage yields during the fall and early winter. However, 
the production of dry matter in late winter and early spring 
was increased as the increments of nitrogen application were 
raised from 16 to 32 and 48 pounds per acre. 

The protein content of the forage was relatively high 
throughout the season, being about 28% on a dry ha.sk In 
the fall and winter and from 10 to 20%) in the spring. 
Delayed dipping had a depressing effect on the nitrogen 
content of the forage. 

Significant correlations existed for yields of dry matter 
during the periods of November-December and March-April 
and the two variables— rainfall and the number of hours 
per month above 45® F. Correlation values indicated that 


H 
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the amount of growth during January and February w- 3 .s 
dependent on the temperature and solar radiation. 
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For the Five Years 1947 to 1951, Indusive’ 


Franklin A. Coffman^ 


T he cooperative uniform winter hardiness nurseries have 
now been grown for 25 years. Results for the periods 
1927 to 1936, 1937 to 1941, and 1942 to 1.946 have been 
published (2, 3, 4, 5, 6, 10). This paper reports data 
obtained on experiments grown during the period 1947 to 
1951j indusive, bringing results up to date. During the 
5-year period 1947 to 1951, winter killing of a differential 
nature was reported in 148 of the 228 nurseries sown. 

EXPERIMEHTAi PROCEDURE 

The experiments were conducted during this S-year period by 
the same general plan as Was hiilowed during the previous 10 
years. On the stations in the South where little killing occurs, all 
oats were seeded in duplicate rows, 50 kernels per row; whereas 
on stations located farther north where winterkilling is fre- 
quently reported, each entry was seeded in duplicate 5 -foot rows, 
with 5 gm. of seed per row. In, the former, the survival percentages 
are based on actual counts in the fall and in the spring, wdiereas 
in the latter nurseries survival percentages were bused on esti- 
mated stands in the fall and spring. 

It would seem reasonable that actual counts would tend to 
disclose small differences that could otherwise be overlooked. 
Also, in the South where growth in oats is continuous throughout 
the winter, differences in growth rate could easily be mistaken 
for differences in hardiness; however, a comparison of the data 
obtained from all stations indicates little or no difference in the 

^ Contribution from the Field Crops Research Branch, Agricul- 
tural Research Service, U.S.D.A. Received for publication July 29, 

. 1954. 

A Senior Agronomist. Acknowledgement is hereby made for 
.as$i$tance from all the cooperators, shown in footnote 3, who sup- 
; plied data on the respective hardiness nurseries. 


.relative survival of the same- varieties as- a result oi the 'dilierences 
in the type 'of nursery planting and nrethiJcl of -dettniujung .siM'viva.L 

'. States and statiems cooperating .diiring Ikr p.ist 5-year period 
are in general the same as'crH.qser.akv| i'rL£ht'2pri:v4c^^^^^^ l-vear period.' 
Whereas a few staticuis ha\e JisvoatinueJ in these 

experiments, others havu joined in the effort, s-i-e ti.iat 

in recent" years -some 45 stations, have grown ihe oufsery ^toido' 
year;"* 

During the 5 years a sufliueUtly Luge imoibe: of ?oopu,Uors 
grew the nursery each season to supp-lv aUiple J.d.i fo-v ^k-uiuon- 
ing rather accurately the relative iiaidinr:w of ,5 Luge uiirohe? oj 
new oats even when included lor oitlv or two ss ason>. One 
of the valued results of this experiment is tijat flu reiatiw haulo 


Cooperators contributing data for tin* summarv inchuled in 
table 1 herein were; C. Roy Adair; I. M. Atkms: if < Bashav^': 

D. H. Ihnvnun; Avton Brown; R. M. C'.aldvvcll: R. S. C ath^.ut . 
W. H. Chapman; H. R. Clapp; F. A. t.ohman; L. if <,Amptoii; 
R. G. Dahms; Geo. H. Dimgan; Verne Finkner, F. T. Gislr, U. R. 
Gore; John Gray; John M. Green; P. W. Gull; S. J. Hadden: 

E. E. Hall; N. L FLincock; 1\ T. Hebert; j. W. Flenviricks; J. A. 
Hendrix; D. R. Hooten; S. S. Ivanofl'; D. M. Johns; T. H. joliiv 
son; L, M. Josephson; B. M. King; C. A. Lamb; Harold LuJeu; 
E. S. McFadden; G, K. Middleton; Darrell M<n‘ey; L V. Oakes; 
J. Fred O’Kelly; W. M, O.sborn; W. R. Faden; j. W. Femlletim: 
J. M. Poehlm-an; Kenneth Porter; D. A. ReidfB. G. Hothgib; 
Blair C. Ritter; G, W. Rivens; A. M. Svhlehuher; EdwarvI Shulk- 
cum; Robt. S. Snell; T. M. Starling; W. Tavlor; Gfliins Veatch; 
Henry W. Webb; Geo, J. Wilds; W. J, Wiser; and Harold If 
Yates. 

^ I he states, number of locations, an^l reports per state were 

as follows: Ala., I, 3; Ark., 2 . JO; Fla., J. 4; tla., , 3 . J.3; Ind.. 
4, IJ; 111., 2 , 9; Ky., 3. 10; La., 1, 1 ! ; MJ., 2 . lo; Mi.,,.. 3 . 15; 
M0.,;4,,42:;:-N...J;,; -t,,v5.;:.:isl.vG., :2,:f::i(J;- Uhio,--.:3:M7 4, ,15 ;..; 
, S.ve. -.6,.. 20i..frenn.,-54O74'l'exL,5,ei9-;Vai,'2r-l-()4< W.-:Va:v-.3:'44:C 




COrPMAN: MSULTS moM WINTER HARDINESS NU,S«.ES OF OATS, 

Tahk l.-~Summamed annual iK‘rcentage survival, nf , 

cotnpared with that of tlTe^'i^tet'^Turf variety average survivals 


Variety or selection 


Appier,..,,. 

Carolina .Reel ' ''' ■ 

Marretts . Strain 2 ' " ’ ' 

Red Rustproof x Bond: Pla. 40-1 0-1 

Rw Rustproof .'^- X a^etoria-Ricdiliind . “ ^ 

pit jiitstproo '.Victoriii-Richiandi X Pultpx 

lie'llShlf '' Viftoria-Richland X x 


Fulghuin 

Icntajtfiri « Fulj^luun, Winter Type > 
iMiIjChnni iKy. Sel. 4r* 79) 

Fulwin 
Full ex 

■ Wroki -Bond* X Fultex 
Woodward Sel. 472606 

Fulgrain: Cokers 45-13456 " ' " " 

Fulgrain: Cokers ’48 Breeders Stock 

Fu gixini: Cokers ’49 Breeders Stock 

Fulgrain: Cokers *50 Breeders Stock . 

Fulgrai n : Co kers ’ 5 ,1 Breeders Stock 
victorgrain: Gokcjrs 45 -3 

Victorgrain: Cokens ’48 Breeders Stock 

Victorgrain: Cokens ’49 Breeders Stock. 

: Cokers ’50 Breeders Stock 

AmiSl'Ma^relts gj, 4S-98i, 

;V‘fKT?"= Warretts lOIll 

X Wintok. 

V rf it F’uishuin- Victoria 


Weighted average 
survival 


1950 19S1 

^39 (29 (30 (22 (^g 

Sta- Rta- Sta- Sta- Sta^- Vari- 

tionsi tions) tions) tions) tions) ety 


Red Rustproof and Red 
4*> o Hybrids 

4j-.3 d7.B 54.0 58.7 1 27.0 

o6.L 60,6 56.5 64.2 23 9 

ZZ 

33.9 -Zl. ZZ Z"^'*' I “ 

34,8 57.1 . ZZ 


Per- 
Win- cent- 
ter age 
Turf Winter 
(same Turf 
tests) 1947- 
51 


- 708 
■ 2499 

5108 
3168 
! 3531 
4656 
. 5106 

- 4655 

4831 
5115 
5356 
5847 i 
4557 

4832 
5114 
5353 
5355 
4651 
5121 
5367 



j 

1 

1 

26.1 

64,9 

55 _ A 


’ntn tnid !< ulghuin Hybrids 

60.6 48.5 61.8 | 26.3 

66.6 74.2 85.5 j 73.0 

— .A,. ^ 1 , f»o t '1 

89.9 

58.6 

74.6 

47.7 

73.0 
65 , 2 

70.4 

33.0 


■ 

81.9 

74.3 i 

57 . 5 



- 


50 - 5 

1 

; ■ 


69.3 
j 69.3. 
',75.1 

80.2 

69.6 

74.1 

69.6 

50.4 j 


47.8 ■ 

78.6 
'78.1 ; 
78.1 
51 , S - 
29,3 

77.6 

39.7 

57 .5 . . 

50.5 

60.5 


4S.0 72.0 60. () 


Dolair: Rulghuin (HC72(!) X Bond sek 4076-1 

•'■I. <»«-'« 

LeConte: (Tenn. 1884 X Bond) 
fuhvin ,X Lee-Victoria X Bonda 
kuhyin X Lee- Victoria X Bonda 

ninton V Inti- 407- 26-6 ” 

rn?Q P I Tnd. 4011 -4-r)-3 

;D69 -Bond ) X Fulte.x: Te.x. Sel. 64--44Xf 

I p'”: <Io_goid -Bond): Cokers 4n-67 

^ 44-^HO ^ Hajira-Bannen: Te.x. 1.52- ^ 

^ Hajira-Bannen : Tex. 152- 

iPuhvin-Tennexi _x Bond: Tex. Sel. 152-44-4 
Pulwin X (Victoria X Hajira-Bannen: Tex. 152--44 

^T4”^^04^ tV^ietoria X Hajira-Bannen : Tex. 125- 


Teeh: V. P. J. No. 1 


,, , Bond Hybridst 

41.0 60.0 — L- i I ,. 
53.2 .62.4 ■ .'-X.. .IJ' 

_ __ 7g g l gg g 

30.0 





: TTT I 51-0 

■— i2 . ( 65,. 7 — ^ — - — _ 


- 49.1 74.1 66.4 

57.1 74.1 77.1 

: ‘18.1 75.1 44.1 

' 69.5 65.1 106.8 

30.0 50.4 59.5 

3i,).8 50,4 I 71,0 

71.9 61.6 117.2 

69.9 61.3 114.0 

51.0 75.1 67.9 

69.1 75.8 91.2 

62.1 71.6 . 86.7 I 


7279 hi;! U:! io1;i 

5112 60.3 . 60_3 ^ 

.)113 60.7 60.7 71.6 84.8 30 

■ 7 I 76.4 ! 85.1 I 77.2 | 81.0 ! 63.8 76.6 ! 69.3 ,110.5 148 
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Variety or selection 


Hairy Culberson - - ^ - 

BicknelL > - V- - 

Wintok: (Hairy Culberson X Fulghum C. I. 2500K^ 

Wintok* Okla. SeL 492825.. 

Woodward Composite Sel. 3527-'43--3 

Colo X Wintok: (Hancock X Morota-Bond) X Wintpk 

Colo X Wintok: (Hancock X Morota™Bond) X Wintok 

Colo X Wiiitok: (Hancock X Morota-Bond) X Wintok 


Winter Turf (Check).... . . . . 

Winter Turf X (Clinton - X Santa Fe ) .. 
Cornel] Sel. No. 1375 : . . 


. Lee. .. ,,,) .... ... .. -. 

Lemont 

Lietoria: Lee- Victoria ' ..... 

Letoria: Ga. Sel. 6_ 

Stanton: Lee-Victoria Cokers '47 Breeders Stock 
Stanton: Lee- Victoria Cokers ’48 Breeders Stock 

Mustang: Fui win X (Lee-Victoria) 

(Lee-Victoria) X Fulwin. . ... .. . 

Atlantic: (Lee- Victoria) X Fulwin. 

Atlantic X (Clinton —Santa Fe). . .... . ... _ 

Arlington; (Lee- Victoria) X Fulwin 

(Lee-Victoria) X Forkedeer: Ind. A392 


Sturdy. 





— — • 




Weighted average 

: 








<urvn-'al 

\o 


1947 

1948 

1949 

1950 

,1951 . 


Win- 

Per^- 

,,.f 

C. 1. 

(39 

(29 

(30 

(22 

1-28 

Vari- 

eeni- 

tests 

No. 

Sta- 

Sta- 

Sta- 

Sta- 

■ Sta- 

ter 


1947- 

tioivs) 

tions) 

tions) 

tions) 

tions) 

ety 

Turl 

Winter 

51 







' esame 

Turf 









tests ) 

1947- 


■ 








51 

■ 


Culberson and Culberson Hybrids 


(■i9.3 

109.5 


2505 

78.8 

91.6 

67.4 

78.0 

63.3 

75.9 

148 

3218 

79.5 

86. S 

76.0 

80 . 1 

67.3 

77.9 

69.3' 

112.4 

14S 

3424 

85.0 

93.8 

76,6 

88.4 

80 -.3 

■ 84.6 

69.3 

122. 1 

,148 ■ 

5849 








78 . 5 

78.5 

.50.4 

155.8 

■ 28 

4828 


91.6 

71.5 

— 


81.4' 

■ 75.8 

107,4 

59 

4€(>3 

67.9 

85.1 

70.8 



73.9 

,73, -3 ' 

lOO.S 

8B 

5118 

— 

— 

81.6 

81 .7 

■ 62.0 

74 .7 

65 . 1 

114.7 

■ 80 

5S66 


— — 


72.0 



72.0 

75.1 

95 .9 

22 



Vunter '' 

'urf ant 

I Winter 







Turf Hybrids 





i , 

3296 

69.6 

80.2 

71.6 

75.1 

50.4 

59.. 1 

■69 .3 , 

100.0 

148 

5471. 








30.9 

1 30.9 : 

5t,L4 ■ 

fii 

^ 28 

5364 




- 

■75.4 

S' 7o.4 , 

'50.4 


■28 



I ■ -i 

IjCie and Lee Hybrids 






2042 

67.6 

83.0 

68.9 

74.5-" 

45.8 

: 67.8 i 

69. 3-,^^ 

97 . 8 1 

148 

4080 

58.2 


— ' 




58.2 I 

;■ mji : 

83. (Lj 

39 

3392 

4659 

4654 

66.0 

51.3 

65.3 

81 

62.8 

76.5 

■ 48.9 

: 66.8 i 
5 00,7 i 
65.3 '; 

: 69.3 i 

:'.' 74.,l ' : 
^ mji i 

: 96.4 i 
■HI .9 ! 
' 93 .8,! 

1.48 
58 ' 
419 

4830 


82.5 

' 



" 82.5,) 

)''80.2 

402 .9 j 

29 

4660 

72.1^ 

85.9 

63.7 

79.5' 

,52.5 " 

70.5 J 

,69.3 i 

101 .7 i 

' 148 ■ 

4658 

55 .O'. 


■ 


■ 

S,55.5 1 

'69.6 ! 

'79.7 1 

,39 

4599 

69.4 

80.3 




■ 74.0 

74 . 1 i 

100.1 ! 

58 

5497 

. — 

— 

. — ■ 


■27.7- 

: 27.7, 

^ 50.4 

' 55.,0: j 

28 

4657 

55.3 

75.4 



■ ■ : 


: 63.9 

-,74.1, ! 

86,2 i 


5848 


— 


■ 

64.(1 

i '64.0; 

; ;50,.4" j 

427.0 j 

28 



Mi.scelh 

. 

ineous 

hybrids 






5117 

— — " : j 


50.8 

■ 



, 50 . 8 

71.6 

70.9 i 

■ 30 


* Superscripts (in italics) iiidicaie number of times recurrent variety was used a^ a parent, 

t Selections from crosses that include Bond among oats front w’hich they were derived and which appear t(» re^emhlr their Bmul parent .a Hnie jirn,- 
than any of their other parental types. 


ness of a new oat grown in the.se nurseries can be determined 
rather accurately in a short time. 'Lhiis, oat breeders can quickly 
evaluate the hardiness of their new varieties. 


RESULTS AND DISCUSSION 

Table 1 lists the average survival of the 70 varieties and 
selections tested for 1 or more of die 5 years. Data are 
included from only nurseries in which differential killing w^as 
reported. No attempt is made to determine whether varieties 
respond differently at different stations on different soil 
types, or whether varieties differ in regional adaptation. Most 
of the 70 entries are of hybrid origin. Mudi of the oat breed- 
ing in die past 2 decades consisted of the incorporation of 
genes for disease resistance from Avena hyzanum into A. 
sdtwa; consequently, many new strains are somewhat inter- 
, . , mediate, but die 70 entries might be grouped roughly into 
about equal numbers of A. byzanima and A. safmi morpho-' 
/ logical types. In table 1, the. strains are grouped according 
the parental strain which they most closely resemble. 

^ r In a recent paper (5) it was mdicated tliat Red Rustproof 
could be consMered as an old oat type. It is suspected that 
oats of that type gave rise to such oat.s as Fulghum, Black 
L^Wint^^^ and Winter, Turf, 


;■ During' the 5-ycar period, !tyt7 to .19*^ L oii'lmfvc, winler- 
killing was severe in the less hardy entries in JT am! 

l9dH-'49 and in all entries in ikildished repuru 

■ (3V^4, 6) .indicate: dmt^ I95fte1 1 , next :tO; l;937-;2te was one 
"of: the 'most severe seasons for winter: oats ihroughout) the 
quarter century of these experiments. 'Fhe relative standing 
ot survival percentages of the older entries h.is remained 
father constant throughout the period. A few entries gremii 
for short periods have given rather favorable siirvi\ai records, 
but none of these has been grown suihciently hnig for u>n-‘ 
elusive results. From the .standpoint oi hardiness the niorc 
promising new entrie.s grown for only I or 2 wars are C,l 
Nos. 5368, 5369, 5849, 5118, 5364; and 5848. Several of 
these oats are from crosses made to combine disease rtshumc. 
with winter-hardiness. 

Eight entries were grown in ail 25 years. Winter Turf 
(CI.3296)® the stendard check, has a weighted averaged sur- 
vival of 69 . 5 % in the 560 nurseries in which differential 
killing was reported. The average survival in consecutive 

,;3-yeaf- -periods :,was:v57:3te.*72.ay;'7I.^ 

the 25 years the relative sundval in percentage of tliat of 
Winter Turf was Bicknell, 108.8; Hairy Culberson, 108.5; 




WOFFORD AND miXT£R: EFFECT OF CULTURAL PRACTICES ON EMERGENCE OF SUGAR BEETS 


Pentagon, i07.2; Tech, 104.6; Lee, 97.6; Fulghtim (CL 
708) ,; 83.6; and .Appirr 810 

In experiments conducted ioi diorter periods, Wintok’-s 
(15) survival averaged 1 i i SC ol that of Winter Turf in 
233 comparisons; Fukm (1>), ill. 4 in 274; Letoria (II, 
12, 14), 99.9 in 222; Lemont (15), 91.3 in 31; Fultex 
(B, 11, 14), B1.7 in 197; and Carolina Red (8, 11, 14), 
75.4 in 78 comparisons with Winter Turf. 

Numerous attempts have been made to incorporate disease 
resistance into oats for fail seeding during the past 25 years. 
(1, 7, B, 9, 11, 12) Progress has been made, but no very 
hardy oat carries resistance to more than one or two major 
disease organisms. Originaliy disease resistance was found 
almost exclusively in spring-type oats. Experience with spring- 
winter crosses has shown that hardiness is extremely difficult 
to obtain in the progeny, evidently because of multiple Lie- 
tors; however, in Letoria the hardiness of the Lee parent 
was remvered almost fully in this segregate of a Lee X 
Victoria cross (11, 12). Lee (15), the progeny of a Winter 
Turi X.' Aurora cross,, has a survival record of 1)7,694 of 
Turf in 560 comparisons; whereas Letoria has a survival of 
99.9^/ of lurl in 222 comparisons. Thus, the breeding of 
hardy, disease-resisiant oats does not appear to be insur- 
juountable. 

SUMMARY 

Five years' additional data fronv uniforiu lurdiness oat 
nurseries .substantiate results of the previous 20 years. Win- 
tok appeals to be the most winter-hardy variety, followed 
by Fuhvin. Their survivals have been 114.8 and 111.4%, 

rcijpectively, cd /Winter Turf check,. ' 

Obtaining oats having both hardiness and disease resistance 
is clearly difheuk. Genes for disease resistance originally were 
located almost exclusively ^ in spring-type oats; liowever, 
Letoria has survived as well as its more hardy parent and 
also is resistant to certain diseases. 
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The Effect of Cultural Practices on Emergence and Uniformity 

of Stand of Sugar Beets’ 


I. M. Wofford and S. T. Dexter" 


I MPRGVEMEN'F of the rapkiity, percentage and uni- 
formity of sugar beet .seedling emergence in the lield is 
at present one of the most important needs in sugar beet 
production. The grower is well aware of a great deal more 
variation in rate and percentage emergence of sugar beets 
dian of beans, corn, or small grains. In addition to the 
positive effect on beet yields, the improvement of seedling 
emergence in the field is necessary before complete spring 
mechanimtlon can be accomplished. 

^Journal Article No. 1662, Michigan Agr. Exp. Sta., East 
Lansing, Mich. Abridgment of a thesi.s .submitted by the senior 
author in partial fulfillment of requirements of the Doctor of Phil- 
osophy degree. Rec, for publication Aug. 9, 1954. 

: ® Assistant Agronomist, Florida Agr, Exp. Sta., Gainesville, Fla., 
and Professor of Farm Crops, Michigan State College, re.spectively. 


REVIEW OF LITERATURE 

Much work has been done on the relationship of tillage prac- 
tices to seedling emergence and crop yields. Results of these experi- 
ments vary as to which method is con.sidered best (5, 7, 12). Depth 
of planting was found by HentscheP to have a greater effect upon 
emergence than did the method of fitting the seedbed and plant- 
ing the seed, Barmington (1) found that highest emergence of 
beet .seedlings was obtained when soil moisture and soil ffrm- 
ness were highest, and lowest when the.se factors were lowest. 
Cook (2, 3) reported that good stands and yields of sugar beets 
were obtained on plots where the soil had been plowed and 
fitted in one operation, and at all times through the growing 
season the crop looked best on those plots which had received 

®Hentschel, H. E. A study of principles affecting the perform- 
ance of mechanical sugar beet seed planters. Unpublished M. S. 
thesis, Michigan State College, 1946. 
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WOFFORD AND DEXI’ER: EFFECT OF CULTURAL PRACTICES ON EMERGENCE OF SUGAR BEETS 


Table 1. -Effect of green manures on stand count of beet seed- 
lings and number and weight of marketable beets — 1952, 


Green manure 

Average per replication 

treatments 

Number of 
Stand marketable 

count* beets t 

Weight of 
marketable 
beets t 
(pounds) 

Wheat .straw 

176.0 64.1 

42.0 

R.ve - 

128.3 64.5 

44.4 

Ryegrass 

170.5 78.3 ■' 

53.9 

Barley . .. 

190.9 77.0 

50.8 

Oats 

1 161.1 70.6 

49.5 

Oats and field peas 

i 1.58.3 70.1 

48.8 

Field peas . 

152.1 72.7 

I 46.3 

L. S. D. (5%) 

i 32.99 10.40 

6.80 


ftir 40 i'it-et of oiw. 



ILirvr-! data frorn 104 !>! rmv, 

canriy kss i'rani the wheat straw than from the ryegrass, 
barky or oat plots. NiuTiber and weight differences of beets 
harvested from other green manure plots were not significant. 

In no aise was any one tillage treatment significantly 
better, but the slight tliffcrences obtained were always in 
tavor of plowfog under the green manure and wheat straw 
residues. 

It appears, from the results of this experiment, that too 
much green plant material or too little green plant imterial, 
from spring growth, resulted in poor seedling emergence and 
yield of sugar beets. Significant improvement did result where 
intermediate amounts, as was furnished by barley and rye- 
grass, were incofporated into the soil prior to planting sugar 
beets. The low yield of harvested beets on the wheat straw 
plots may have rcsulted from the large amount of dry, car- 
bonaceous material supplied by this treatment. The bieakdowm 
of this material did not begin in time to interfere with seed 
germination. In fact, the moisture conditiems were more 
favorable due to the mulch, affording better conditions for 
germination. The reduction in stand count and number and 
weight of marketable beets from plots planted to rye was 
apparcnily caused by a drier soil at planting time and the 
slocv breakdown efi; sucli large amounts of green material. 

■ EKperimeot 2 

TIk* average yield for three cuttings of alfalfa, in pounds 
of green material per acre, was as follows: June 19-- 17,480 
pounds; Aug. — -1,!>77 pounds; Sept, 1 6 — 5,815 pounds. 

Rye yields on plot portions on which the alfalfa hay was 
not removed was 2.5 times greater (7,800 pounds green 
weight per acre) than on plot portions on which the hay 
was remcned (3,073 pounds per acre). 

Although green manures ranging in weight of tops per 
acre from almost 40,000 pounds to practically none were 
plowed under or worked into the topsoil, none of the treat- 
n^ents appeared to alfect the time or vigor of seedling, 
enxTgence. 

As would be expected, plots receiving three cuttings of 
alfalfa were practically void of alfalfa following tillage treat- 
ments. In general, plots which were spring plowed had fewer 
alfalfa plants remaining than fall plowed plots, but plots 
wfiiich were field cultivated in the fall had fewer remaining 
than plots field cultivated in the spring. In no case, how- 
ever, did alfalfa present physical difficulties in the culture 
of the sugar beets that followed. 


The weeds in the plots which were plowed were smaller 
than on the plots field-cultivated. The weeds on fall plowed 
plots were smaller than those on spring plowed plots, and 
smaller where field cultivated in the fall than in the spring. 
The treatments included in this experiment had no signifi- 
cant effect on number of grass plants and total weeds per 
plot. However, planting rye foliowing fall field cultivating 
resulted in significantly fewx^r broad-leaved weeds than where 
no cover crop was planted. 

Vigor of sugar beet seedlings appeared to be associated 
w4th tillage rather than with green manuring treataients. 
Based on visual vigor readings, using an arbitrary standard, 
'*good’' sugar beets were produced on fall plowed plots, 
and ’’weak” sugar beets on plots field cultivated In the fall. 
'"Average'' beets were produced on all other plots. Growing 
rye on fall field cultivated plots had no effect on vigor of 
sugar beets. 

No statistical stand count differences were obtained between 
plots receiving the various treatments. However, the sum- 
mary of results presented in table 2 shows that a slightly 
higher total emeigence of sugar beet seedlings resulted when 
all hay was removed than when ail or part of the hay was 
left on the plot In all cases, seedling emergence appeared 
to be more closely associated with tillage treatments^ the 
small differences f)btaiaed being in favor of spring tillage. 
Planting lye oxi fall field cultivatud plots resulted in a 
slight increase in seedling emergence over fall field culti- 
vated plots not planted to rye. 

Although treatment differences for the most part were 
not statistically significant, the amount of green plant mate- 
rial incorporated into the soil in the spring again appeared 
to be a factor infiiiencing sugar beet seedling emergence. 
Spring tillage, following removal of two or more cuttings 
of hay, added an intermediate amount of green plant material 
to the soil, resulting in higher stand counts. When rye was 
grown on fall tilled plots, and incorporated into the soil 
before too much spring growth occurred, increased seedling 
emergence was obtained. 

. 'Experiment 3 , 4 ■ ; 

Visual estimates of vigor of sugar beet seedlings indicated 
a higher score for plots receiving the ioose-w^et treatment 
and a lower score for plots receiving the loose-dry treatment. 
Stand.s always appeared more uniform on the loosowet 
seedbed. 

Table 2. — Summary of stand counts of sugar beet seedlings 
before blocking and thinning— 1953- 


Treatments'^ 

{alfalfa) 


1 cutting, none removed,. .. 

2 cuttings, 1st removed _ . 

2 cuttings, all removed- * ... 

3 cuttings, all removed . . . 

All fall plowed 

All spring plowed 

All fall field cultivated.. 

All spring field cultivated .. 


Average 

number 

beet 

seedlings t 


Fall field cultivated — rye^. 
Fall field cultivated, no rye.. 


* Treatment differences were not staCisikally 
t Average stand count for 80 feet row. 
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The differences in weed growth on the various plots should 
be stressed. Plots having a loose-wet soil condition were rela- 
tively free of weeds at the time stand counts were taken, 
■ This permitted the sugar beet seedlings to get a good start 
before weed seeds germinated and became a problem. Plots 
receiving the lirm-diy treatment had the most and the largest 
weeds. The weed seeds germinated before the sugar beet 
seeds, offering much competition to the beets. 

Stand counts given ill table 3 show that a signifiGuitly 
higher total seedling emergence was obtained on portions 
compacted by the tractor \\dieels than on non-compacted por- 
tions of planted rows. Perhaps a lack of uniform rate and 
depth of planting or a lack of uniform seed distribution 
resulted from loose-wet tillage practices as applied to seedbed 
preparation. It may be possible, then, to overcome this lack 
of uniformity by packing the soil immediately in front of 
each disk opener, gaining, at the same time, a better seed- 
soil contact. This packing action was effective, but to a 
lesser degree, on plots receiving the loose-dry tillage treat- 
ment, and least effective on iirm-wet and ^ir^l-dr}^ plots. 

As shown in table 4, significantly fewer units without beet 
seedlings resulted from the loose-wet and firm-wet treatments 
than from tiie loose-dry treatment. The difference between 
the firm-dry and loose-dry treatments approached significance, 
with fewer units resulting from the firm-dry treatment, The 
rate of seedling emergence, indicated by stand counts, was 
significantly higher on the loose-wet and firm- wet plots than 
on the loose-dry plots. Stand counts were intermediate on 
iirm-dr}' plots. No significant weight differences were obtained 
for any of the tillage treatments. 

SUMMARY : 

The results may be sLunmarized as follows: 

1. An intermediate amount of green plant material added 
to the soil in the Spring resulted in a significant improve- 
ment of stand count of seedlings and yield of marketable 
sugar beet roots in comparison with large or small amounts 
of green plant material. 

2. No method of tillage for seedbed preparation w^as 
found that gave better stands, vigor or yield of sugar beets 
than that of plowing in the spring. 

3. Emergence oi sugar beet seedlings was as high on plots 
where all the alfalfa hay was removed as on those where 
all or part of the hay wus left the previous year. 

4. Sugar beet seedlings emerged earlier from loose-wet 
and firm-w'et seedbeds than from firm-dry and loose-dry 
seedbeds. 

5. Rapid emergence of sugar beet seedlings compared with 
weed seedlings made weed control easiest on the loose-wet 
seedbed. 

6. At all times throughout the growing season the beets 
appeared most vigorous on loose-wet plots. 

7. A high total emergence of sugar beet seedlings resulted 
from compacting the row with tractor wheels in the process 
of planting on the loose-wet seedbeds. 

8. A more uniform stand and a higher seedling emergence 
were obtained when loose-wet and firm-wet seedbeds were 
used than when the seedbeds were loose-dry or firm-dry. 


Table 3.'-ToraI number of sugar beet st^nilings on tractor 
compacted and non-conipacted jKmions of plots 
■ receiving loose-wet' treatment— -1953.*** 


Planter row 

Compacted 
portion 
of row 

■ 

NoiL'C,;ompiieted 
portion 
of row^'- 

■ 



42 , ! 

23 

2' 

37 

; 26 

Sl' . 

1 32 j 

1 . '18 

4.. 

1. , 31 

20 


tL.S.l), (5%) beUvt'en ctunpacled amL punionH -x 

‘' Stand count lor five iVet of each row. 


Table 4. — ^The effects of various tillage treatments on sugar beet 
seedling emergence— 191.^/^ 


Tillage treatments 

■■ 

No.' of, 
l-foot units 
having no 
seedlings 

Stand 
eoiuits 
' of 

seedlings 

Weight 
. of hO 
seedlings 

Loose — wet-, 

\ .37.2 

■ .113'1.2 

Ol.O' 

Firm— wet 

34.0 

'1169.0 

: 95.4 ^ 

Firm" -dry 

63.0 

804.0 

96,0.. 

Loose— 'dry.-... - | 

■ '122.6 

, 420.0 .■; 

1 'L 71.3 

L. S. ,D. (6%)... 

. , : ■ .... ,i 

66.63 

'671.46 j 

■ N.S. 


'VDiUa taken on lot) leet of row. 
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The Effect rf Moisture and Temperature During Storage on Cold 

lest Keaction of mays Seed Stored in Air, 

Carbon Dioxide, or Nitrogen 

S. F. Goodseii, G. Huey, and E. Royce^ 


developed in the "cold 

“-^ental factms t 

tf f !' 5** seed to germinate after exposure for 

dem ScS”t n n unfavorable to germina- 

i' " fe^utiali} exposed to soil borne pathogens 

undei. conditions tavorabie to the pathogens and not ftivor- 

conditions 

mor. tacorabk lor germination are restored, seeds whose 
embpyos have not been invaded and injured by pathogens 

■"'imrtw seedlings, tli testi in 

^tneial iis.t_..;e aie assumed to simulate cold, wet weather or 

or-.Hr”r!“''^ ‘r, or field tests under gen- 

■ r’r r ‘ evaluate the 

vc?"ti . /fvtors on germination of corn 

dd i Ttov venditions 

m o. ‘u “"‘‘v't vertaia conditions, the cold test 

m.i> j. ovule means tor making a more critical evaluation of 
some 1)1 the i.urors which contribute to longevity of the seed. 

REVIhW OF LITERATURE 

^ Ihcie is evidence that old seed or seed iinproperlv stored for 
a period of time even though its total viabilhy under favorite 
S -it” poor field stldrtmde: 

ton f tiu^sret «»f l>orne pathogens but inhibit germina- 
hXe te c>I ; f ‘‘'“t ='So of seed 

Net K h e ,*r .f""'""'’""- < 5 ) and Rush and 

is -ifik-hl V In' evidence that early harvested seed which 

lurw e. Lr r ' v-old tevst germination than seed 

iatci at inure mature stage. 

reported that seed germinated well for 4 years 
ivti 1 ’o’ P' ‘*‘■'•*'00 m germination up to 12 vears Mter 

huh theie was no tiirfher .gennin.ition. A loss in vii?i>r in the 

(6) m4rT-T‘tr^^^ the dethne in germination. Robertson, « J. 

iinl e-o - l * '!* “'’"ut 10% moisture .stored in a: diy : 

beki r 21 years and that there had 

experiment A t ‘' '■‘■ r''" viability from the beginning of the 
to tlJ^nl' vva.s consick'i-ed as contributing much 

the longevity ot farm seals. Dungan and Koehler (1) reported 
■seed at about l_0.3'/r moisture and initially infected with wr rot 
fvro’inated 11 to 32% after 10 yeans storage in a tin 
’ fV'Purted six v.irieties of ' corn seed 
stoied m miscellaneous containers at Pullman, Wash where 
m«m annual ramtall is only H.4 inches, germinated from 0 to 
’VI /t: .Strong .seedlings after 32 years of storage. 

nnfmi^i*'* tesh'd seeci after storage by planting in the field at 
normal cum planting time, fn one experiment, seed was stored 
at room temperature”. Seed at moisture was dead in 1 
Z a'"’ decreased in germination 

moisture germinated sati.s- 
■ ctonly after 7 years while seed at 5% moisture germinated 80% 

* Cirntribution from Germination Department, Pioneer Hi-Bred 
r,!? A Johnston, Iowa; and Central Division Labora- 

20 for publication Aug. 

"In charge of Germination Department, and Assistant Plant 
Manager, respectively, _ Pioneer Hi-Bred Corn Co.; and Assistant 
Manager. Central Division Laboratory, American Gin Co. 

" Unpublished data from Pioneer Hi-Bred Corn Co. 


tf.0% -’nSuik helTfr ‘fanT^T^’ V 

or better after 6 years storak Seed uki rr/ 

at 2SZ F. cerminTted qoS f k-r ^ f moLSture and stored 

28° F w-is onlv ' 1 /t- ^hde .seed at 18.2% moisture stored at 

or nitrogen and hkt^.t n» air. carbon dioxide 

sec5TI‘'stfc‘ f““nd that carefully hand harwted 

. 10,1 s ' i- . e ^ -hyear old seed yielded 3.5%, 

,™,rnidll.'“f,Sl3 lifW.f S,„‘'54 “t, “‘‘jj", *J “* “5 

i LTccc stands and /,8% less with no adjustiM^^ 

period condensation of data obtained over a 

peiiod of 5 years m a cooperative experiment. Data on the effects 

storS’Tn"S;"lioGf‘"‘'^ "" test germikrion'VS 

irnd-discussS^ hoxide. air, or nitrogen ga.s, are summarimf 

The original experiment included samples of three hybrids -it 
seven moisture levels treated with three diftVrenr^ngkides 1 
”Oodungicide treated samples was also included Onlv 

foi tvTO hXk ‘‘'vatraont of four different moistuie ike's 
loi two diybi ds are presented in this paper. These selected d,H 

nienf'vvT-T“ ‘■"'P«?vmative of those obtained in the entire ij erl 
ment which comprised a total of 84 lots made up of diffirenr 

varieties, moisture contents and seed treatments 
^^torager conditions used, a total of 

MATERIALS AND METHODS 

In order to obtain the representative data discussed herrin 

kas*likdkn"l94r ^ Worfthkl,'^^^^^ 

n hybrid \va.s divided into lots and each liif- 

adjusted to a diiterent nominal moi.sture level by^ further divimr 

«"» T! 

at^&e !kk°lf®nlT Arasan S. I'., 

into four Pvr bushel and divided 


I'nbr-v fntvf. 7 iiuiaiii per Dustiel and divided 

into four sets of multiple 2-pound samples. Each sample was 

^ *e can hermetically sealed 

Within each of the four sets of samples, air in a Srrionate 

nXtn gas*" -bkfX“ 

Each set of samples was placed in a different storaire room 
or^^85°^F controlled at either 0^ 40°, 60\ 

A sufficient number of samples was placed in each qtr>riipT-«. 
room so that tests could be made each i? months for 
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At each 6-month interval, samples were removed from storage 
and tested for moisture, normal germination and cold test 
germination. 

Moisture determinations were made with a Steinlite moisture 
meter. Although the moisture content of a given sample in these 
sealed cans could not change with storage time, the yal ties used 
in this report are taken as the averages for the moisture level 
at the beginning of the experiment and after 5 years of storage. 
The mean moisture percentages averaged 0.2% less than the 
nominal values of 8, 10, 12 and l4%. The nominal percentages 
are used in the discussion of the data presented in this report. 

Table 1.— Mean cold test germination percentages*'* for two 
classes of seed stored zero to five years in three 
gases at three storage temperatures. 


Tfi -T' : 


Years in storage at 0° ] 


. Class 

Gas 

l_ 




— - — 



0 

1 

'2 

3 

"T 

f'f.cV ■ Weaker 

Carbon dioxide 

78 

63 

74 

74 

62 

Weaker 

Air,-„ - - . „ 

73 

64 

72 

74 

59 

Weaker 

Nitrogen „ 

73 

65 

76 

73 

68 

' i Stronger 

Carbon dioxide 

85 

80 

89 

86 

80 

Stronger 

Air 

85 

81 

87 

87 

80 

, I . ^ ^ ^ Stronger 

Nitrogen 

85 

80 

89 

87 

79 



Yeans in storage at 40° 

P. 




1 

2 

S 

5 

; . C Weaker 

Carbon dioxide 

73 

63 

71 

71 

61 

j r ' Weaker 

Air - . 

. ' 73 : 

65 

73 

71 

59 

' : Weaker 

Nitrogen- 

73 

65 

74 

68 

61 

Stronger 

Carbon dioxide 

85 

78 

86 

84 

79 

Stronger 

Air.. 

85 

80 

87 

89 

73 

; ; Stronger 

Nitrogen 

85 

79 

87 

87 

: 82 



Years in storage at 60° 

F. 



0 

1 

■ 2v 

2 ■ . 

' ■ ■ V 

Weaker 

Carbon dioxide 

73 

61 

66 

61 

" 32 

c;'i' : . Weaker 

Air 

73 

64 

66 

44 1 

23 1 

.'•'p; Weaker 

■ k'T' . V; ' 

Nitrogen 

73 

55 

66 

59 1 

■ 42t 

:4 ! stronger 

Carbon dioxide 

85 

78 

81 

79 

63 

yj i Stronger 

Air . ... 

85 

80 

84 

80 

58 

6) ! Stronger 

Nitrogen 

85 

75 

79 

82 

56 


t Slightly 1 ms than 90% Tit)rmal jifrniiimUon. 

* Percentages within each cnliumi were (ibtained in the same test are 
directly comparafble. Fercentayes for different culunms or years are rejjorts 
of 5 .separate tests and varying germination levnds are in part diie to differ- 
ences in pathogenicity of soil borne organisms from one test to another. 


Normal or standard germination was dettrmined by the tise of 
"paper dolls". Each sample was repre.sented by five 100 -seed repli- 
cates in the test. The percent of strong seedling.s was determined 
after incubation for five days at RO F. 

The following procedure was used to determine cold test reac- 
tion: (1) Seeds were placed embryo down on a L^-indi layer of 
subirrigated non-steriliZed corn field stul in seed trays. Pre- 
pared trays tvere placed in a cold rtmm and held at 30' F. for 
7 days. (3) After "cool weather" treatjnent, trays were removed 
to a germination rocun and held for 4 days at 80 F. after which 
seedling counts were made. Ten lOO-seed replicates Were planted 
for each sample cold tested. 

The soil for the cold test determination came IroiO the same 
general field area during the 5 years of testing. As nearly as 
possible, temperature and time controls were maintained at the 
same level for each test. 

Percentages were transformed to angles for the analysis of 
variance. Data for seven test periods after stttrage at 0'', 40" 
and 60'^ F. were included in the analysis of variance. Samples 
tested after 3^2 years included air storage only, and no 

samples were tested at 4 Vi years r>f storage. 

RESULTS AND DISCUSSION 

Mean normal anci cold test germination percentages aftei: 
storage for 1, 3 and- 5 years, at different storage reinpera- 
tures and moisture levels are illustrated b}' tlte diagrams in 
figure 1. Bach percentage illustrated was calculated from the 
pooled data for the two hybrids and three storage’ gases. 

Mean cold test percentages in table 1 are tor samples stored 
0 to 5 years at different temperatures after sealing in atmos- 
phere.s of carbon dii)xide, air and nitrtgb-n* Percentages for 
.samples stored at appnjximaiely H, 10 and UPr cNcaa- awr- 
aged for each seed class, lixcepi where notcvl in table K 
normal germination was 95^ r or better at eadi test pericHl 
for each sample tested. 

Normal germination or total viability is indicated in the 
diagrams of figure 1 by the open bars. Generally, gCTmi« 
nation was still 93% or belter after 3 years for samples of 
seed at 8, 10 and I2fr moisture stored at O' and aO'^ bV 
and seed at 8 and moisiiire stored at 60" I*. Seed at 
12 or 14% moisture stored at 60"^ and 8 and lOG imifisiure 
stared at 83 deteriorated rapidly after 1 vear of storage. 
Seed at 12 or l-i%- moisture was practically all dead after 
1/2 to 1 year of storage at 83’* If 

The data indicate that cefid test genninatiitn ‘)l samj^k’s 
of seed at 8 and lO'^r moisture Mured at 0" to -Hr' F\ was 
about as high after 3 years oi' storage as at the beginning 
of the experiment. Seed at I2^r mo'isiure was only sfigiuiy 
lower in germination after storage at 0*' \\ atu! signiilcantly 
lower after storage at 40"" F. for 3 years. Seed at iV, tnois- 


illlis 

ii»i 


,8 101214 8101214 8 10 12 tO 12 14 { 

«G. l.~ Cold test and flormal germination percentages represented by solid bar and open bar respectivelv -.fter ... f,,.,. 


GOODSEl l. HT Al..: EFFECT OF MOISTURE IN STORAGE ON COLD TEST REACTION OF CORN 
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mre was sigoiiiuintly \lowei* ia germination alter year' of 
stoage at oither O'" or . 00® E . . 

■Seed stored at l\ was signiticantly loever 'in cold test 
gfcaiTiinaiie)ia a,!tCT i. year ot storage of samples held 

at 12 or J lE moisture. Si.ed at HE moisture maintained its 
i>rigtnai germination ten* 3 years and seed at lOE' moisture 
for 2. years of storage. 

Seed at all lour moisture levels was significantly reduced 
in add test germination after storage at 85*" F. for ^ year. 

The data Irom' the anaiysis of variance' indicate that' a 
greater part' of the variance wcis contributed by seed classes. 
Interaaions. involving seed classes were relatively small. Sig- 
niiicani interaciicjn values' are due to the greater deteriora- 
tion in sli>rage oi the woakcr hybrid at higher moisture levels 
and higher storage temperatures. 

VariaiKcs Line u> storage temperatures and moisture levels 
.iHii inteniclitins imohing these \ af iables are relatively high 
buause .SL'Cil at IJE pasture stored at 60'" F. deteriorated 
more rapid!)' than seed at lower moisture levels stored at 
lower lenipcralures, 

"11k; siginYuanl. \aliies lor the test periods in the analysis 
of variance arc partially due to differences in pathogenicity 
ol the seci! rot organisms from one test period to another. 
An example of tliis variatimi i.s shown in the data in table 1 
for percentages lai samples storcii at (F and 40'"* F. Get- 
inina-tion j:citx:iit.iges oBlaineii after i, .or 3 ' years of storage' 
are cotJsid5. rahly lowar than those obtained at the beginning 
■or after 2 or 3 years of 'Storage. However,' within any one 
lest period, all samples were included in the same germina- 
tion trial and may be considered as directly comparable. 

Cold test germination of samples stored in carbon dioxide 
or nitrogen was generail)' no better than germination of 
samples stored in air. \hiriances contributed by storage gases 
or i4iteraction involving storage gases were generally insig- 
nilkant except that a small significant value \vas calculated 
f«,>r test periiHs X gases. Seed of the weaker hybrid at 12%- 
nK:»jsUire stored at 60'"‘ 13 in air gCTuiiiKited .relatively lower 
during later lest periods liian comparable samples stored in 
uU'bun dioxide or nitrogen. 

A number of misu 11a neons reiiuuiiit sanipEs of untrcxited 
,SLtd itklikled in the experiment were treated with Arasan 
S1‘X atu! OrihiHiile 75 applied at 0.7:F ounces of active 
ingredient; per bushel after ,5 years storagtYand tested. These 
samples were all 95% or better noniial ge.rminatie>n and 
represent differeiU combinations of vStorage conditions. Gold 
test germinatiivn ju’ircentages for these samples and con> 
parable .samples wliich had been treated in 1948 and also 
tested after 5 years storage were s-ery similar. Fungicide 
treatment al either the lighter or heavier dosage rate failed 
ro protect the seed of each sample against soil borne patho- 
gens equally as wHl after 3 ye.irs of storage a.s the lighter 
application protected all samples at the initial test period. 
The failure of fungicide to give full protection to all samples 
of old seed, aUbougdi of 95% or more normal germination, 
has been observed in other experiments. 

The exact reasons for increase in susceptibility to soil borne 
pathogens with increase in age of .seed is not well iindcr- 
stoodr Studies by Hotte.s and Huelson (4) indicated that 
germination and vigor were related to permeability of the 
seed. The increase in permeability was suggested to accom- 
pany changes in the physiological condition of the protoplast 
and the physiological dianges may be the result of environ- 
mental factors such as exposure to heat or chemicals. Studies 


. 


by Robinson (7) indicated a relationshij^ between pernie- | 

ability and germinating power. Tatum (10) found a cor- I 

relation between diffusion products in steep water and cold [ 

te;st reaction. Loev cold test reaction was associated with I 

low light transmission readings made spectrophotometriaUly. 

Degree of turbidity was considered to be directly related to j- 

permeability. ■ I 

Hassan Ragai and Loomis (3) reported studies on tlie | 

relationship of moisture in the grain and temperature to respi- ' 

ration rates in maixe. .Immature grain picked with a high 
moisture content gave the same moisture relations as mature 
.seed with 8% moisture which had been moistened to levels 
varying from 14 to 24% moisture but the rates for immature 
grain picked at a high moisture level were only one-sixth 
as high at the same moisture levels. Respiration rates increased 
with increase in temperature and were not affected by the 
presence of a Ceresan-M treatment. 

The experiments reported by Hottes and Huelson (4) 
and Tatum (10) indicate that leached products may suppart 
fungus growth. 

The relatively greater susceptibility of seed samples stored 
at higher moisture levels and at higher tempervitures to soil 
borne pathogens is probably due to the presence of larger 
quantities of diffusion products from the more permeable 
seed. Apparently these diffusion products occur in sufficient 
quantity to support fungus growth even in the presence of 
fairly licavy fungicide treatnient. 

SUMMARY ^'AND 'CONCLUSION'S ' ■ 4 

Seed samples at approximately 8, 10, 12 and 14 mois- 
ture sealed in cans with atmospheres of carbon dioxide, 
air or nitrogen and stored at 0^4 40®, 60 "" and 85^ F A t 
6-month intervals for 5 years, normal and cold test germi- 
nation percentages and moisture percentages ewere determined 
for a set of samples which had been stored under the vari- 
ous conditions. 

Fungicide treatment was not as effective against soil borne 
pathogens under cold test conditions on samples stored at 
higher moisture levels and temperatures as on samples stored 
at lower moisture levels and tempefatures. 

Fiingidde treated seed held at 8. 10, or 12 (y moisture 
and stored al 0® 13 cu at 8 or i0%.. moisture and stored 
at 40® F. germinaiecl as well in .i cold test after 5 years 
storage as at the beginning of the experiment. Seed held at 
12% moisture and storecl at 4()® F. and at 8% moisture 
and stored at 60® F. maintained its original cold test ger- 
mination for 3 years. Seed held at 10%‘ moisture and stored 
at 60® 13 was only slightly reduced in cold test germination 
after 1 year of storage. Under all other conditions, cold 
test germination was significantly lower after 1- 

of storage than at the beginning of the experiment. 

Cold test germination percentages were, in general, no 
higher for seed stored in atmospheres of carbon dioxide or 
nitrogen than for seed stored in air, except that seed of the 
weak hybrid at 12%; moisture stored in air at 60® F. ger- 
minated relatively lower during later test periods than com- 
parable seed stored in carbon dioxide or nitrogen. 

At higher moi.sture levels and storage temperatures, seed 
of the weak hybrid was slightly more susceptible to cold 
test pathogens than .seed of the strong hybrid. There was 
no difference in relative susceptibility from one test period 
to another, between the hybrids for seed stored at 10% 
moisture or less. 
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Laboratory Evaluation of Fungicides for the Preservation 

of Moist Hay^ 


R. U. Schenk and W. K. Kennedy - 


ill* 






M old growth Oft moist hay in equilibrium with air of 
85% relative humidity was prevented in the laboratory 
by Dawson, et al. with 2/1,5 -trichlorophenyi acetate, 2,4,6- 
trichiorophenol, and 2,4,5-trichIorophenDl applied at the rate 
of 0 . 30 % of the hay weight (2), However, Kenaecly and 
Sdrenk could not control effectively mold growth in baled 
alfalfa hay containing 30% moisture if 2/4, 6-trichlorophenol 
was applied at rates lower than 0.50% (3). Even at the 
rate of 0,50%/ occasional mold spots were present in the 
baled hay and the loss of dry matter during storage wus 
higher than Dawson, ei al, observed in their laboratory 
tests. Kennedy and Schenk also found that during the stor- 
age period, moist hay treated with a fungicide that prex^ented 
mold growth remained somewhat highep in moisture con- 
tent tlian untreated ha-y. Because of this nioisture retention, 
treated hay will mold if the chentical becomes ineffective 
during storage unless the chemical sterili'zcs the hay. Ken- 
nedy and Schenk emphasized that for .field treatment, it prob- 
ably would be necessary to use a chemical at two or three 
times die effective laboratory rate, since uniform application 
of *a small amount of chemiail to a bulky material such as 
hay is verj^ difficult if not impossible (3). 

Considering the rate of application necessary for treating 
baled or loose hay that is too moist for safe storage and the 
residue problem in milk of dairy cows receiving treated hay, 
2,4,6-trichlorophenol was not recommended as a hay pre- 
servative by Kennedy and Schenk (3). They concluded that 
it would be practical to preserve moist hay by treating witli 
a highly effective fmigistat or fungicide only if the chemical 
was inexpensive, was not harmful to either humans handling 
T the chemical or animals consuming the hay, and if it left 
7- no undesirable residues in the animal produce (3). 

, ■ . Contribution from the Agronomy Department, Cornell Univer- 
' ■ ^ty 'Agr. Exp. Sta., Ithaca, R Y. Acknowledgement is ‘macle to 
, The Dow Chemical Co, for partially financing the project. Rec. for 
/ /publication Aug, 23, 1954, 

V Research Assistant and Professor of Agronomy, Cornell Uni- 




Kennedy and Schenk also condiukr! tlul a thunied was 
worthy of extetisive iield testing only if it prevenu,d gimvih 
of molds in moi.st ground hay for a pndongeil pt rinj of tiine 
in the laboratory at economical rates of .ipph«katiom Chem- 
icals that delayed mold development in moist gtounil hay 
for several weeks in the laboratory frequenily were unsat - 
isfaebry when applied at the time of raking or baling to 
alfalfa hay containing 3050 moisture. For example, o-didiloro- 
benzenc successfully preser^^ed moist hay under laboratory 
conditions for a period of 6 to 8 weeks but evcniu.illy 
allowed iiKild gixiwth to In the field, mold growth 

wa.s delayed vef}' little in moist baled hay treated at the time 
of raking with o-dichlurobenzcne; and by th: end of a 6 
months storage jieriod the treated liay ^’^'as pist .is moid\- 
and had lost jusi as much dry nutter as untreated moist. 

■ hay/(3L ■ 

Since trichiorophenol had definite limilaiicjns \^iiich piv- 
\ented it from being recommended as a hay prcseTvali\cs 
the search for a compound superior lo tridik.sropb.euo! wa^ 
continued. The laboratory pmceilurc used lyv Musgracu 
Dviw,son was very accurate but ret|uired more equipment and 
detail than was practical for large-scale screening of maiw 
compounds (1, 2, 4). 

The purpose of this study was to find vi simple laboruten-y 
method of determining the effectiveness of a diemical to 
control mold growth in moist hay, and then to compare a 
large number of compounds which might be used as pre- 
servatives for moist hay with 2,-h64richIorophenoi, 

T PROCEDUREffTff';::;:'^ 

The work reported in this paper was initiated in tlse fall of 
1949 and was completed in the spring of 1954. It umsisted m 
seven^ separate experiments as well as a number of preliminary 
experiments,^ The method for determining the effetuvemss of dif' 
ferent chemicals to prevent mold growth in moist hay was modi- 
ned from time to time a.s new infonnatkm w^as obtained and 
procedures were improved. Basically, however, the method re- 
mamed much the same for all experiments. 
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.CHJ.NK aXD KENNEDY: LABORATORY EVALUATION Of FUNGICIDES FOR PRESERVING MOIST HAY 


mill with a sitrcen having hok-s vl I, hammer 

to 25. 50 «.r 4U% niokturf ,noTr 

(.•ainiimitailv praititai inil store T ’ chemicals at rates 

n weeks. The mmselt Lnun^^^ -wotn temperature fur 4 to 

.aiding .i c.rkulate<l arnuunt of u uir‘* B 5 ru'^’“^ 

to 25 or 50' , moisture tended ti t >;ehydrated 

weeks, the initial moisture level ssa n S'to 

the test.s reported in this ivim-r A, nf r 7 % "f 

moist for a longer period In the nl nl V J remained 

content of the hav waf .«;u„ ed to be r - ^ 

was found to haCe iho, 7 tl J ■ f -'‘ofed hay 

moisture content of the hav wts sviffickMith because the 

growth ( I ) , ' * ■ “ ^ tor rapid nioki 

E,tc?y$k w^f IhotoughR 

beaker. In the earlv part oMhirs tul .1^ 

at the rate of oAo% bv weight f 

modified because .some dtemieals ’vs^re fa, was soon 

used at this concentration, while orl ers we^’ “/ 

“5 7 !is"„nkr;v'r“"k‘' '“““d?! “LSaS tx 

SSS£ ssYsli EH 

Stoppered t li j ^ ^ -stoied m a cotton 

to i wet¥s At e rf f«nperature for 4 

chemical ' treated with each 

flK^E'ompounds Slliirin XS Uthw ‘T"rff ’'"‘‘""'■l 
was used or the c hemical k'a" 

samples ot hay were treated with these different solvent.^ When 
the thunn.d was .ipplied directly to the hay ethanol was adde-1 

in , L,fl“;2 Clliio 

ti determine the actual moisture content of the hn? i- ri-. .r. o 

sr •„£ ? ,='?£ 

f™‘ fc;.'',.trC;sf r cireif s 

.sep trfte u' •"t'’raSt-.pentxi was not long enough to 

The ‘Lter X Z”™ “f P^ftially effective ones. 

. ^ nittu) delayed mold growth ior E^ or 4 weeks hut 

o iW"-'""'"' "’r™ moist for a lonja 

nt w ""Pcoye the testing method, the initial moisture' con- 

11 if'" “i^'r was exteiS:::! 

somi. I ■ r ■ . • content of 4()'4 moisture the 

d U nol' " ¥/"’'¥ " hnv moisturl level 

Aat molds lould not grow on either the treated or untreated 

thikfctiw'hrfZow'Zr^ (spring of 1954) only the samples of 
tnt eltccUvc tieatments were remoistened at the end of thp n 

wek .storage period to a moisture content of abou t l'cf bv 

SZe? tT'"*' “ncentmion orntnld 

These samples w'ere stored for 8 additional weeks to 
dcteimme it molding wHHild occur. 

of meluded 84 individual fla.sk.s, the contents 

2 vveekC xt wSr^t 

end of IJ weeks, the hay in each dusk was rated\s to ton! 

wht nrf 1 to 10 was used Hay 

with no visible* mold growth received a rating of 1 while hiv 

s;,V”? S„r!h 7 "'“ f U' 

were^ovL ^ 7; i contents of each ffa.sk 

weighed to determine dry matter lo.ss The 
and th* fegre.ssion coefficients for percent dry matter loss 

and the mold rating were computed. 

RESULTS 

Incvbating treated and untreated rehydrated ground alfalfa 
n trlenmeyer flasks at room temperature for a period of 4 
weeks was found to be a simple method of Ltermining 



rehvdrated to 25 and 5r‘ “ '•^overed from alfalfa hav 
■ 4 ^ I I ^ moisture and incubated for * 

4 weeks after being treated w-ith fungicides in 
solution and as a dust at the rate of 0,50%. 


Chemical 


Dry matter recovered 


J^A§“TrichIoropheiioL 

2,4,5-Triehloropheno! _ 
Sodium 0-phenyIphenate .'J 
Sodium 2,4,5-tnchIoro- 

phenate 

O-Pheny Iphenol _ 

Cheek 

IjSD 1 
Chemical 0,6 
Method of application 
N.S, 


25% moisture 

SO % moisture 

Solu- 

tion 

Dust 

Solu- 

tion 

Dust 

% 

100.0 

100.1 

96.4 

a/ ■ 

/o 

100.4 
100.2 
i 98.6 

% 

99.8 

100.1 

90.7 

%' . 

100.2 
! 100.5 
92.7 

100.1 
100.1 I 

QQ 

100.8 

100.4 

A 

100.1 

100.2 

100. a 
100.5 


74.1 


Table 2. Chemicals which prevented mold growth for 4 weeks 
in ha> containing 30% moisture. 


Chemical 


2,4,5~Trichlorophenoi . 
2,4,6-TrichIorophenol 
p^Phenylphenol E: ] 

|»’^»d-TnchiorophenoL. „ .. _ . ^ _ " 

<^hioroacetate 

p-Dichlorobenzene 

o-Diehlorobenzene Creehni'eargradVr 
Dehydroaeetic acid ^ ^ _ ’ 


Rate applied 


% 

0.25 

0.25 

0.40 

0.50 

0.50 

0.50 

1.00 

1.00 

0.50 


erti« n ^ ‘•hmiical had fungicidal or fungistatic prop- 
rtius. By measuring the percentage of originaj dry raatter 
tf heated and untreated .samples remaining after a^ 4-vveek 
mcubation period, the effectiveness of eadi diLflcil wat 
determined (table 1 ). The -standard error for the individuVl 
tanaticm was 04)% dry matter loss. In thirS“dl 
etunicals except sodium o-phenylphenate were effective in 
preventing mold growth and lo.sses of dry matter I'n haJ 
umhuning 25 or 30;7, moisture. The rate ol applict&n w2 

When treated with sodium 

ocfwK tbr 1^^^’ mold 

tab mr Hnr * % ““Liming 23% moisture. In hay con- 
taining 30% moisture, mold growth was general bm not 
p otuse, whi e in the dteck treatments mdd gEovvth iaJ 
l^vy for both moisture levels but more severe in the wetter 

In a subsequent experiment, several compounds were 
tested by treating hay containing 30% moisture and then 

(table! 2 “'and 3 Tt 1 S mold growth 

U^Wes and 3 ). The dalonnated phenols, o-phenylphenol 

w’i chloroacetatc, and dehydroacHtfc add 

were very effective m controlling mold growth The dichloro 
bcmzenes were less effective; 4en applied at the Se of 
growfli was delayed but not completely inhib- 
ited; but when applied at the rate of 1.00% fmSkmwfh 
w'.as prevented for the 4-week incubation periS * ^ 

Several of the chemicals listed in table 3 delayed or 
Jaeased the amount of molding that occurred bnf none S 
them prevented mold srmvth fohh. d-week s7.mse p“^o5 
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llG, L— Relati'ottship of degree of nJoklinesN and pera 
ter lost m hay containing 40% nitsisture aiicl stored k- 
(Mold rating scale: L no mold growth; HI v<‘tT 
growth). 


|pBj|||«p|| 


Since the compounds listed in table 3 delayed mold growth 
for varying periods of time and modified total mold growth 
to different degrees, it was considered worthwhile in sub- 
sequent experiments to obtain some index of the relative 
effectiveness of the compounds tested. The testing proce- 
dure was made more rigorous by inaeasing the initial mois- 
ture content for the ground hay from 30 to about 40^% and 
by extending the incubation period to 11 weeks. The time 
of first visible mold growth was recorded, and at the end 
of the incubation period the samples were rated from 1 
(no mold growth) to 10 (heavy mold growth) . Then the 
dry matter loss of eadi sample was determined. 

The agreement between mold rating and the dry matter 
loss was very good* The correlation coefficient was 0.94, and 
the regression equation was y rr —1.54 + 2.00x where y 
equals the percent of dry matter lost and x equals the rating 
for mold growth (figure 1). The regression coefficient, 
b = 2.00, was significant at the 1% level and the standard 
deviation from regression was 2.01 % dry matter loss. 

The time of first visible molding was negatively correlated 
with the rating for mold growth and dry matter losses. How- 
ever, time of first mold growth was not as acairate an index 
for estimating dry matter losses as was the rating for moidi- 
aess. Certain chemicals would prevent visual mold de\eIop- 
ment for several weeks; but when molding started, it devel- 
oped very rapidly and by the end of the incubation period 
the total mold growth was nearly as great as in untreated 
samples. Other chemicals did not delay mold development 
for more than a few days but did control the amount of 
mold growth throughout the storage period. 

The chemicals which did not prevent mold growth in 
hay containing 40% moisture for the 11-week storage period 
are listed in table 4. While most of these chemicals had 
certain fungicidal or fungistatic properties, many of them 
merely delayed and decreased the intensity of mold growth 
on the moist hay. Dehydroacetic acid, benzyl chloride and 
rthe dichlorobenzenes, had been effective in previous labo- 
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Table 3 —Chemicals which did not prevent mold growth 
for 4 weeks in hay containing 30% moisture. 


Chemical 


Sulfur dioxide - ^ - - - - 

Calcium hypochlorite - - - _ - 

Paraformaldehyde - „ L 

Bromine^ _ _ ^ ^ _ _ 

4- and 6-Chloro-2-phenyIphenol 

2*'Chloro-4-phenylphenoL _ , _ _ _ 

p,p’-IsopropylidenediphenoL __ ^ , 

2,2'-Methylenebis (4-chlorophenol) 

3-PhenylsaIicylic acid - . - .. - 

BisCp-chlorophenoxy) methane 

p-Chlorophenyl p-chlorobenzenesulfonate- „ 

Sodium trichioroacetate 

Phenothiazine,. ^ 

2-Cyclohexyl~4,6-dinitrophenol 

Disodium ethylenebisdithiocarbamate. 

Ferric dimethyldithiocarbamate ... 

2-(p-Ghlorophenoxy) ethanoL.- — .. f 

p-Chlorophenoxy acetic acid.„ _ . 

2,4'-Dihydroxybenzophenone 

Pentachlorophenoxy acetic acid„L 

p-Hydroxyaeetophenone _ . . f _ „ .. _ 

Bis (p-Chlorophenyl) carbonate 

3,5-r)ichlorosaligemn_„ . _ „ „ . . . „ .. l _ 

Saiicylamide.. _ _ . _ .. .. „ . „ . „ . .. . _ .. _ 

(alpha-Methylbenzyl)phenol mixture, . - . 


Rate applied 

% 

1.00 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0 .50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.20 
0.10 
0.3S 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0,50 
0.50 


ratory experiments where the initial ni*H>lure wontenit ol the 
hay was 30% nr the length ot storage was less than 11 weeks. 

Those chemicals which pre\'cnted the a [qx'a ranee of visible- 
mold growth for tlie entire 11 -week smragv pcfiir^d are listed 
in table 5. Tlie halogen ated phenols s\a\ effective in con- 
trolling mold growth at the rate oi ff.sff ■ r or less, witli 
the possible exception of pentachloroplKiiol which w.is not 
effective at 0.25% but was effecti\'e at 0.50%'. The actual, 
differences in ability to control mold growth between the 
other haiogenated phenols appeared to he eery small. 

ChlDrination did not appreciably impro\ v the fungus inhib- 
iting properties of salicylaidehyde. The ^^"cidorosaikytlalde' 
■hyde was effective' at a lower rate in 'this iesc bui: it did iior; 
show any greater effectiveness in an earlier trial on inoisi 
oats. The oximes of these compounds were considerably less ■ 
effective in these.' studies ihan were ihcir parent compounds, 

A number of haiogenated alipliatic aliiehvdes and keton^-s 
were effective mold inhibitors, Tire ketones ivaotrolled rniilci- 
ing at \^ery low nites and appeared to he more, elh.cti^'c than 
tlie aldehydes. The effectiveness, of these compoonds appeared 
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Jli ci not prevent mo ld growth for II week, in hay containing 4o% ntoisture. 


■Cheek 

Ethanol 

Ethylene dibromi-cle..: 'V" "" 

Ethylene dfehloride 
Trichloroethylene 
Tetra'Chloroethy lene 
Methylene chloride 
Dibromodiehloroinet hane 
1 ,3,3-Trichloropropene 
Hexachloropropene . 
2~Bromo>2~meth> hpropane 
Benzene^ . . 

Chlorolienzene 

*tec*hnical grade) 

p-Dieh!<}rohen2ene 
Triehlorohenzene '1,2,4- and 
U,4,o-Tetrachh>r(d;enzene! : ' 

H exaeh lore d lenzene 
Bromobenzene 
l,2~DiehIon> x ethylbenzene 
Benzyl chloride 
Aeetophenonf^ 

Acetophenone oxnne 
p-Chloroacet<)>phenone 

oxime . „ , . 

4,0” Di ch lofosal i cylaldehy de < hxi rne 
balicyheadd, 


HO iuoliJinu; IQ, exlr 


1 Maximum 

1 rate tested 

Mold 

rating* 

! o.- 

1 



10 

5.00 

8 

0..50 

4 

0..50 

4 

1 0.50 

6 

0.50 

6 

6.00 

6 . 

0.50 

4 

-i 0.50 

6 

0.50 

2 

0..50 

6 

0..50 

S 

0.,50 

8 

1.00 

2 

0.60 

s 1 

0.60 


0.50 

8 1 

0.50 


0.50 

6 

0.50 

6 

1.10 

3 

0.30 

4 

0.30 

4 

0.30 

S 

0.80 

4 

0.30 

7 j 

0.50 

8 

e.xtreriH'Iy nioldv. 


Chemical 


Phen>d saiic.ylate „ 
f Phenoxyacetic "acidl ^ _ 
«,4,o- i nchlorophenoxyacetic acid 
goduim o-phenylphenate 

Sodiu m pentachlorophenate 

Dehydroacetie acid, sodium salt 

Dehydroacetic acid 

Chloroacetic acid... ' 

Dichloroacetic acid 

2,4-Hexadienoic acid . ~ ~ ^ 

Methyl chloroacetate . . 

Ally I trichloroacetate . .. .. .1 ~ ^ ^ ] 

Ailyl bromoacetate 

Diethyl bromomalonate 
Bis(2”Chloroethyl) ether 
Clycine copper chelate . 
Chloro^acetaldehyde diethyl acetal 
^4,6” rnehloroparaldehyde 
Dipropylene gly col ‘ 

3-.Hydrop-2-methyl-l ,4-pyrone 

Lime-siilfur. 


Sulfur.. _ 

Sodium siillite.. 


Maximum 
rate tested 

, 0 /' 

/a 

0.50 
0.50 
0.50 
0.50 
0.50 
0.75 
0.75 
0.50 
O.oO 
1.20 
0.50 
0,50 
0.50 
0.50 
0.50 
i 0.50 
0,50 
1.20 

6 ml./ 100 

gm. of hay 

1.20 

11 ml. of 
concentrate 
/TOO gm. 
4.00 
4.00 


Table 5, Chemirals which prevented mold growth for 11 weeks i„ hay containing 40% 


Chemical 


p~Ch!orophenol ^ : 

ITriehlorophenoi 
«,d,4,6-T etraehlorophenol 
Pen taehlorophenol 

2-Bromo”4-chIorop]ienoi 

L--BramO“4,6"dieh]orophenol 
p-Bromophenoi . .. . 
2,4,6-IVibromophenoI 
2,4,0- 1 richlorophenyl chioroacetate 
bahcyialdehyde 
SahT\vlaldehyde oxime. 
il”5^4hk>rosaiicylaIdehy<ie 
jrS oxime 

dyD-Dichlorosalicylakiehyde . 
f copper chelate 
^^i-piehloropropionaldehyde , . „ 
fChloroacetyl) urea . 
Chippieetaldehyde (B.P. 85" C i 
l-GhIoro-2-propanone (B.P. 117" C) 
4-Ch oro-^2-butanone (B.P. 115" C) ' ‘ 
l~Chloro-2-butanone (B.P. 135"C) 


122" and 14i"~G) ' ~ - 

alpha-Chlorocrotonaldehyde (B.P. 148" C) ‘ “ 

f (BiPrabout 170" C) " ' “ ' ' 

1 Metrox?f pis S': polypropylene glycols)?: 


Dipropylpe glycol methyl" ether fB) 

iripropylene glycol methyl ether IB) 
Sodium metabisulfite 1 _ . . : _ : 

ai)X'”^*^®”^®”1‘®*‘^5'lvinyIbenzene mixture 

alpoa-Bromo-toluene 

Methyl 2,3-dibromopropionate. _ : : ' : 


Minimum effective 
rate 

— - 

0.20 

0.25 

0.20 

0.50 

0.20 

0.20 

0.20 

0.30 

0.50 

0.20 

0.20 

0.10 

0.30 

0.20 

0.20 

0.50 

0.30 

0.30 

0.10 

0.16 

0.10 

0.07J 

0.07J 

0.07J 

2.00 

3 ml./lOO gm. hay 

5 ml., ,100 gm. hay 

6 ml. /TOO gm. hay 


Effective rate 
after rehydration 


0,30 

0.80 

>0.30* 

>0.30* 

>0.30* 

>0.30* 

>0.30* 

>0.50* 

0.20 

0 . 20 ^ 

>0.30* 

>0.30* 

>0.16* 

>0.16* 

0.16 

>0.16* 

>0.16* 

>0.16* 

6 ml. /loo gm. hay 
3 ml./lOO gm. hay 
6 ml. /TOO gm. hay 

>0.30* 

>0.80* 

>0.30* 


Maximunt rale in this test. 

I h7U included in this test. 

T Minimum rate tested. 

5 Dowanol is a registered trade mark of The Dow Chemical Co. 
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to be inversely related to their voktiiit^^^ All of these com- 
pounds were effective at their minimum rate of application 
for the first 8 weeks of storage. After this time mold growth 
appeared on the hay receiving the minimum rates of the com- 
pounds which have the lowest boiling points. 

At the end of 11 weeks the samples of the effective treat- 
ments were rehydrated to 42% moisture and inoculated wdth 
mold spores. The rehydrated samples were stored for an addi- 
tional 8 weeks. The hay treated with p-chlorophenol, 2,4,6- 
trichlorophenol, salicylaldehyde, 5-chlorosaiicyiaidehyde, 5- 
chiorosalicylaldehyde oxime, l-chloro-2-butanone and the 
methyl esters of propylene and polypropylene glycols remained 
free of mold growth throughout the extra storage period 
(table 5). This indicated that these fungicides were still 
present and effective at the end of 19 weeks. The other 
chemicals including all but one of the halogenated aldehydes 
and ketones w^ere ineffective for the second storage period 
at die maximum rate tested. The values for l-chloro-2- 
butanone are questioned because it has a relatively low 
boiling point. 

From the results of these laboratory studies and the field 
work previously published (3), it appeared that a chemical 
must pass very stringent laboratory testing before it is worthy 
of field testing as a wet hay preservative. Any chemical that 
allowed the slightest amount of visible mold growth to 
develop on moist hay in the laboratory, where the compound 
could be uniformly applied, did not control mold growth 
on wet hay treated in the field where imiform distribution 
is almost impossible. 

When ground alfalfa hay containing 40% moisture vvas 
treated with a diemical and stored in a cotton stoppered 
250-mI. Eriemiieyer flask, it 'was possible at the end of 11 
weeks to determine the relative effectiveness of each chemical 
for pre%'’eriting spoilage of moist hay by visually estimating 
the degree of moldiness. With this laboratory method the 
fungicidal properties of many chemicals could be ascertained 
in terms of their probable preservative values when applied 
to large quantities of moist hay stored in stack or mow. The 
limitation to the procedure was that the hay rehydrated to 
a moisture content of 40% gradually dried to a moisture 
level too low for mold growth to occur. Raising the initial 
moisture content to higher than 40% was not cdnsidetcd 
satisfactory since the microorganism population that develops 
on wet forage is governed by the moisture potential. It is 
doubtful if partially cured hay would be stored at a moisture 
potential much higher than that found in ground alfalfa 
hay containing 40% moisture (1), Usually the moisture 
potential in moist, loose, baled or chopped hay w^ould be 
less than in ground hay containing 40% moisture. Using a 
higher initial moisture content probably would result in an 
entirely different microorganism population than normally 
found on partially cured hay stored with 30 to 45% moisture. 

- In. the spring of 1954 aibber stoppered Erlenmeyer flasks 
and 8-ounce, screw-top jars were used to determine if they 
. ^ould maintain the moisture content at a higher level than 
die cotton stoppered Erlenmeyer flasks. Both the rubber stop- 
, pered flasks and the screw-top jars decreased the rate of 
; moisture loss but air exchange was otrtailed to a point where 
; it greatly limited the rate of mold growth. The rubber stop- : 
J;, pered flasks "were not used in further experiments because the 
Icrewfop jars, were less expensive, easier to fill and empty, 


By piindii ng a single i -mm. hole in the metal cap oi 
the saew^top jars, adequate air exchange was obLiined, and 
'moisture loss was slowed to' about one-third the rate which' 
occurred in the. cotton stoppered' Hrlenme}-er flasks. From this 
preliminary experiment it appeared tliat 'the; screw top jars 
' would be superior to the cotton~sto}spcred Erlenmeyer ilasks 
because they maintained a higher moisture content for a 
longer period of time. 

Chemicals effective in the preliminary testing wiili cotton- 
stoppered ErlenmeyCT flasks or screw' top Jars iiced to be 
evaluated furtlier in , the laboratory before expensive field 
testing is undertaken, ' The p.roc:ediire , of rehydra ting and 
inoculating with mold .spores after II weeks of storage 
does' not appear to be a satisfactory method 0,1: making , the 
test more rigorous. It is conceivable that a chemical could 
be such an effective fungicide that it sterilizts the hay. Sudi 
sterilized hay may not become sufiicienily ic-inuailited with 
mold spores under average mow or stJik siorAfs^ conditions 
to suffer much mold damage even if I he vhiariical is dissi- 
pated or loses its effectiveness early in tlie storage period. 
Rewetting and re-Ci>ntaminaling the li.iy with nitsld spores 
after 11 weeks of storage would eliminaU' any tvunpouniJs 
that might be effective in this manner. 

' More rigorous evaluation of effective c'v'ini pounds miglR 
be accomplished in the laboratory by treating, hay of 
moisture with the effective chemicals in ihv same manner 
as prescribed for the initial ..screening, bui 'slc^riiig tlse 
meyer flasks or screw top jars Tor a period ' of 6 ti> S months 
in an incubator capable of being mainlaiikd at O'v' aiui 
85%,? relative humidity. , At, 'this,: relative 'hainidi'ty, the. hay': 
would gradually '.dry, to a moisture oantent iif^abenR 
, (1)'. This is the ffloistiirc content hay , reached after ■33 vveeks 
when treated in the field with 2,1,6-trichIorciphenifl at the 
crate of 1.25%, and .baled; w,ith k)%: moisture (3). Only' 
chemicals that pass such a rigid lab^mitory test should be 
considered for expensive field experimeol's. 

Even if .a chemical ■ controls the growth.' of mold In moist 
'.hay stored in the stack or mow, consideration, must be given 
to' the: toxico,logical problems associated ■wilii its' use before 
'it can be recommended as a moist hay pri:se,rvativf. 

SUMMARY 

■ , 'A large Jiuimka' of chemicals were tested in llie laboratory ; 
to determine their ability to prevent gmwili u( molds in 
moist hayv 

Seveiity grams of coarsely^ground alfalfa hay lontaining 
40% moisture was treated with an experimintal ihemkal and 
stored in a cotton-stoppered Erlenmeyer flask or ;\n H-ounce 
screw top jar with a 1-mm. hole in* the tap m 11 weeks. 
At the end of the storage period the amoum of mt>ld giamlii 
was cstinuteJ visually. Visible mold growth was closely 
correlated to total loss of dry matter. 

Out of approximately 100 chemicals used in these experi- 
ments at the rates tested, only one-third (>f the compounds 
prevented the appearance of visible mold growth on moist 
hay stored for 11 w'ceks. Man) of these compounds 
were effective only at hea\'y rates of application and do 
not appear to warrant further testing. The chlorinated 
phenols, with the exception of pentachiorophenol^ cvere effec- 
tive when applied at the rate of 0.20 to 0.25%,.. Since 2,4/>- 
trichlofophenol is the least expensive of the chlorinated 
phenols it does not appear that any oi the other chlorinated 
phenols will be superior to it for field treatment of moist 
'■h:ay,:,;c' ;■,;■, 

Salicvlaidehyde, 5<hlorosalic>fla!dehyde, several of the halo- 
genated aliphatic carbonyls, and methyl-2,3“dibromopropionatc 
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were effective At low rates of application. The halogenated 
aliphatic aldehydes and ketones with the higher boiling 
points were effective at very low rates of appliation. 

The procedure outlined in this paper is sufficiently rigorcais 
to eliminate all but the more promising chemicals as pre- 
servatives for moist hay, but compounck which were etfec- 
rive in this test may still fail under field conditions where 
uniform distribution is difficult to achieve. Compounds which 
appear promising by this method of screening should be 
tested furtlier in the laborator}^ under more carefully con- 
trolled conditions and for longer periods of time before 
subjecting them to expensive field evaluation. 
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High Altitude Meadows in Colorado: 11. The Effect of Harvest Date 

on Yield and Quality of Hay* 

David E. Millerj Forrest M, Willhites and Hayden K, Rouse* 


I T HAS been A common practice in the high altitude 
meadow area.s of Colorado to harvest the meadow 'hay 
■after t:he.greate.st possible yields of forage have been obtained, 
without considering a decline in cjuality of hay that may 
occur as a result of advanced maturity.^ 

The experiment reported here was conducted to deter- 
mine the effect of stage of maturity at harvest on the yield 
and quality of hay, and to determine the effects of nitrogen 
and phosphorus fertili 2 :ation on these relationships. It is rec- 
ogni^ed that many fvictors enter into the quality of hay, but 
in this paper only the percentages of crude protein and 
total phosphorus are used to evaluate hay quality. 

MATERIALS AND METHODS ' 

Ti)t* study was ciuulucltd during 3951 and 1952 near Gunnison, 
O do., within the coniines of unothcT high altitude meadow expeh- 
inentd The site was on a relatively well-drained mountain meadow, 
at an eh.wation of 7.460 feet. Hie soil, a was under- 

lain by ctihhle and covered by a sod mat severaL inches thick. 
Hie principal forage species in the area were smooth bromegrass 
{Bromus Leyss.), Kentucky bfuegrass {Pmt prafensh 

and alsike clover {Trfjolhfm hyhridum L,). Small amounts of 
timothy {PMetim prate nse - sedges spp.), rushes 

{June US spp.), and various weeds were also present. 

Six dates of harvest were factorially combined with four levels 
of fertilizer and completely randomized in each of four replica- 
tions. Each plot was 5 by 6 feet in size, and an area 3 feet square 
was harvested from each plot. 

^ Joint contribution of Colorado Agr. Exp. Sta. and We.stern 
Soil and Water Management Section, Soil and Water Conserva- 
tion Research Branch, Agricultural Research Service, U.S.D.A. 
Authorized by the Director of the Colorado Agr, Exp. Sta. for 
publication a.s Scientific Journal Series 449. Re’C. for publication 
Aug. 26, 3954. 

®Soii Scientist, Colorado Agr. Exp. Sta. and U.S.D.A.; Agron- 
omist, Colorado Agr. Exp, Sta. and U.S.D.A.; and Irrigation Engi- 
neer, U.S.D.A., respectively. 

® Shipley, M. A., and Headley, F. B. Nutritive value of wild 
meadow hay as affected by time of cutting. Nev. Agr. Exp. Sta. 
BuL No. IBl. 1948. 

^ Rouse, H. K., Willhite, F. M., and Miller, D. E. High Alti- 
tude Meadows in Colorado—!, Effect of Irrigation on Yield and 
Quality of Hay* Agron. Jour. 47:36-40. 1955, 


Harve.sts began about June 15 of each year and continued at 
intervals until late August, At the time of the last harvest each 
year the regrowth on plots previously harvested was also removed. 
In 1952, samples of smooth bromegrass, Kentucky bluegrass, alsike 
clover, timothy, sedges, and rushes were collected at each harvest 
to determine the effect of stage of maturity on the crude protein 
and total pho.sphorus percentages in the individual species. 

Fertilizer treatments were a nonffreated check, nitrogen 
(NH^NOa) at 160 pounds per acre, phosphorus at 200 pounds 
PaOr, per acre (treble superphosphate), and a combination of l60 
pounds of nitrogen and 200 pounds PaGr. per acre. Nitrogen tvas 
applied in the spring of both 1951 and 1952, but phosphorus was 
applied only in 1951. All fertilizer was applied on the surface in 
bands S inches apart. 

The forage was analyzed for crude protein and total phosphorus 
utilizing the same analytical methods referred to by Rouse, Will- 
hite, and Miller.^ Hay yields and analytical data are expressed on 
the basis of liay oven-tlried to a constant weight at 70° C. 

Prior to the harvest of each plot each year, visual estimates of 
the major plant species present were made. These estimaites were 
based on the percentage of the total forage volume that appeared 
to be due to each species. 

RESULTS AND DISCUSSION - 

The stage of maturity at any one time varied greatly within 
a .species because of the variation found in growth rate of 
the plants on the meadow. As a re.sult, only an. approximate 
stage of Jiiaturity can be given for each ihiie of harvest. The 
approximate maturity stages of the grasses and clovers at 
the time of each harvest in 1952 were as follows: 


Date Grasses 

June 17 Inflorescence in sheath 
stage, some inflores- 
cence had emerged 
June 80 Generally headed, .scat- 
tered blossoms 
July 12 Blossoming 

July 28 Seed forming 

Aug. 13 Seed formed 

Aug. 22 Seed ripening 


Clovers 


Budding, with scattered 
blossoms 

Blo.ssoming 

Blossoming, some seed 
beginning to form 
Seed forming 
Seed formed 
Seed ripening 
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Table l.—Yields of dry hay^‘ as affected by time of harvest meaDS of all fertiliser treatments, 


f ' .'C . ■ C — — — — — - 


InitiaP harvests 


Regrowth 

Initial harvest phis regrowth 

HCfl' 1951 

1952 

1951 

1952 

i95T ' 

195 



Yield 


Yield 


Yield 


Yield 

Initial 


Initial 

Yiidd 

Harvest 

tons per 

Harvest 

tons per 

Harvest 

tons per 

Harvest 

tons per 

harvest 

tons per 

■ har\'est 

tons per 

■' date ■ 

acre 

date 

acre 

date 

acre 

date 

acre 

date 

acre 

date 

acre 

i'ici' /S' June 12 ' 

1.47 

June 17 

1.50 

Aug. 23 

2 32 

Aug. 22 

9 99 

June 12 

3.79 

June 17 

3.72 

ll !: "■ June 25 

2.32 

June 30 

2 .32 

Aug. 23 

1,80 

Aug. 22 

1.87 

June 25 

4.11 

June 30 

4.19/ 

July 18 

2.93 

July 12 

2.90 

Aug. 23 

1,04 

Aug. 22 

1.34 

July 18 

3.97 

July '12 

4 . 24 

Aug. 2 

3.70 

July 28 

3.39 

Aug. 23 

0.52 

Aug. 22 

0.72 

Aug. 2 

4.23 . 

■ .July 28 

4 . i 1 

"i/ Aug. 8 

3.82 

Aug. 13 

4.11 


— — 



Aug. 8 

. 3.82 

Aug. 13 

4.11 

: Aug. 27- 

4.37 

Aug. 22 

4.09 

, — — — _ 

■■ — — 


~ — - 

Aug. 27 

4.37 

, Aug. 22 1 

4 .,09 

Mean 

: 3.10 

Mean 

3.05 

Mean 

1.42 

Mean 

1.54- i 

Mean 

4.05 i 

! Mean 

1 4.08- 

c; LSD (0.05) 

0,38 


0.38 


0,27 


0.29 


N.S. 


N.S. 

■ LSD (0.01) 

0 . 51 


0.51 

' 

, . ' ; 1 

0.36 


0.38 i 


K.S. 1 

1 ■ 

N.S. 


' Oven dried at 70® C. 


li'i' .jC'!; 


The stages of maturity were roughly the same in both 
1951 and 1932 at comparable dates. The grasses growing 
where nitrogen fertilizer was applied matured much more 
slowly than where iiitrogeti had not been used. 

Effect of Maturity on Hay Production 

The hay yields of the initial as well as regrowth harvests 
increased with length of growth period and consequently 
with plant maturity (table 1). In both 1951 and 1932, the 
most rapid rates of growth were obtained between the first 
and second initial harvestsU This was during the time of 
relative immaturity when tlie plants were developing their 
inflorescence. 

There were no significant differences in the total yields 
of hay produced if tire initial harvests and regrowth are 
summed, regardless of die time of the initial harvest (table 
1). Furthermore, there were no significant interactions 
between fertilization and time of harvest on the hay yields 
in either year. 


Effects of Maturity on Crude Protein 
and Total Phosphorus in the I lay 

Percen/(fges of cmde protein' ■ iOkl ioitii ■ phosphor m , — 
Advancing maturity decreased the percentages iii crude pre^ 
tein and total phosphorus in the forage, as nIiowu in tables 
2 and 3. In the various species they alsu dediued as the 
plants became older (figures 1 and 2). 

The initial harvests of both 1931 and shemed a 

significant interaction in percentages of criule preccin bel,wi.en 
fertilization and the time of harvest. Wliere nitrogen fer- 
tilizer had been applied, the crude pratcin percentages de- 
dined much faster with time than wIktc no nitrogen liad 
been used. The interaction was pnmounced during the early 
stages of growth as shown in figure 3, but after about Jul}' 
31, it was not significant. The data from the samples of 
smooth bromegrass showed a similar iiit.craction between 
nitrogen fertilization and harvest time. Kentucky blucgrass 
did not show' such an interaction. The other speues were not 
studied in connection with fertilization. 


Table 2,— Percentages and yields of crude protein’^^’ ns affected by time of harvest means of all fertilizer treatments. 



PBR CENT CRUDE PROTEIN 




MU IJ-R HT AL.: EFFHC'r OF HARVESf DATE ON HAY QUALITY IN HIGH ALTITUDE AlEADOWS 


ALSIKE CLOVER 



RUSHES 

KENTUCKY BLUEGRASS 
SEDGES 

SMOOTH 8ROME6RASS 


6»{0 6-20 6-30 7-lD 7-20 7-^0 8-S 8“19 
DATE OF HARVEST 

Fig. ^.•-~-CrlKlfc’ perccntagrs in plant species as affected by 

lime for harvest. lU‘i2. No fertilii'atiDn. 

An idea iff' the reiaiive feeding value of the major species 
in the area may he obtained by eomparisori of the data in 
figure I . Haruliers ha\e expressed the opinion that cattle will 
thrive hetti^r on wire grass hay (rushes) than on timothy 
or smooth bromegrass hay. The rancliers’ idea is supported 
by tile data in iigiire 1 showing the rushes to be consider- 
ald)- higher in crude protein than timoth}’ and smooth, 
brornegrass, 

Ykids of fr/nie protem /ind phosphoms. — The yields of 
both ciiiile protein and phosphorus from the initial har- 
vests increased with the maturity of the forage until near 
the end of the groming season in both years (tables 2 and 3),. 
At this time a net loss of both was indicated, although the 
only significant' loss was in ervide protein in 1932. 

Tlie data from the initial harve.sts of both years show two 
|Xrriods of rapid increase with time in yields of crude pro- 



ALSIKE CLOVER 

KENTUCKY BLUEGRASS 
TIMOTHY 

SMOOTH BROMEGRASS 


SEDGES 
^ RUSHES 

AZ . C. — .. - A ^ i — s — j 

6-10 6-20 6-30 7-tO 7-20 >30 8-S 8-19 

DATE OF HARVEST 

Fig. 2.^ — Total phosphorus percentages in plant species as affected 
by time of harvesL 1932. No fertilr/ation. 

tein and phosphaiTLS. The first such period occurred in the 
spring from approximately the time of stem elongation and 
inflorescence development iintiT blossoming had begun. The 
second period of increasing protein and phosphorus yields 
occurred during the time of seed formation and matiitation. 
During the time between these two periods, which was 
rouglily tile time aaf being in blossom, rather constant yields 
of both constituents are indicated. 

yhe largest total yields of phosphorus and crude protein 
from the regrowth and initial harvests combined were 


Table* 3. — Percentages and yields of phosphorus'^' as affected by time of harvest means of all fertiliser treatments. 


Initial harvests 


Regrowth 


Initial harvests plus regrowth 


■ . 1S51 , 


1952 


1951 


1952 

1951 

195: 

2 



i Yield 



Yield 



Yield 



Yield 


Y^leia 


Yield 

■ Harvest 

^ Per-. 

^ lbs. 

I Harvest 

Per- 

lbs. 

1 Harvest 

Per- 

ibs. 

Harvest 

Per- 

lbs. 

Initial 

lbs. 

Initial 

lbs. 

date 

cent’. 

! per 

' date 

cent 

per 

1 date 

cent 

i P6r 

date 

cent 

per 

1 harvest 

per 

harvest 

per 


1 ■ / 

" acre,. 



acre 



acre 



acre 

I date 

acre 

date 

acre 

June 12 


8.53 

; June 17 

■ 0.268i 

8.00 

Aug. 23 

0.256 

11.83 

Aug. 22 

0.269 

11.83 

June 12 

20.36 

June 17 

19.83 

June 25 

,278 

i 13.11 

June 30 

.247: 

11.30 

Aug. 23 

.277 

9.91 

Aug. 22 

.299 

11.09 

June 25 

1 23.03 

June 30 ■ 

22,39 

July 18 

i .235 

13.65 

i July 12 

• ,230 

13,33 

Aug. 23 

.332 

6.93 

Aug. 22 

.335 

8.96 

July 18 

20.58 

July 12 

22.28 

Aug. 2 

.238 

17.48 

> July 28 

' .199 

13.33 

Aug. 23 

.326 

3.41 

Aug. 22 

.362 

5.22 

Aug. 2 

20.90 

July 28 

18.55 

Aug. 8 

,219 

16.63 

Aug. 13 

i .181 

14, 7T 


|, 






Aug. 8 

16.63 

Aug. 13 1 

14.71 

Aug. 27 

.198 

17.16 

: Aug. 22 

I .176 

14.18 


1 




— : — . 

Aug.2T 

17.16 

Aug. 22 j 

14.18 

Mean 


14,50 

Mean 


^12'. 47 

Mean 


8.00i 

VMean:^ 


9.28 

Mean 

,T:9'.;83 

Mean i 

18.66 

LSD 








i 








(0.05) 

,016 



,013 

1.60 


.020 

1.60’ 


.023 

1.49 


2,56; 


2.24 

LSD 







: ■: ■' ';C 






.,,,1 



(0,01) 

.021 

::::::m:45 


.;;;'::.oi8i 

2.18 


,;v.026: 

2.13 


.031 

2.03 


3.41 


2.99 


















' Bas<^d on oven dry (70^ C.) liay. 
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obtained when the initial, harvest was taken in late June 
(tables 2 and 3), With tliis combination, dry matter yields 
as well as percentages of crude protein and phosphorus were 
relatively high from both regrowth and initial aits. When 
no significant differences occurred in the total yields of dry 
hay, the high contents of protein and phosphorus became 
important in determining the yields of these two constituents. 

Interactions between fertilization and date of harvest were 
not significant with respect to yields of crude protein and 
phosphorus in either the initial harvests or the regrowth. 


Effect of Time of Harvest on Species Composition 

As shown in figures 1 and 2, there were large variations 
in crude protein and phosphorus percentages among the 
various plant species. Oranges in the species stands that 
might result from the varioas date of harvest practices may 
become important in the evaluation of these practices. 

The changes in species composition were not fully deter- 
mined in this study because the period of time covered was 
not sufficient to allow major dianges to occur and the original 
species composition was extremely variable. However, changes 


that were observed in stands of smooth bromegrass and 


clovers, and which seem worthy of record are shown in 
table 4. 



DATE OF HARVEST 


Table 4.— Effect of time of harvest and nitrogen fertiiizatitni 
on species composition of mountain hay meadows — 
based on 1952 estimates. 


Fertilizer 

treatments* 


N-NP. 


O-P..., 

N-NP. 


Time of initial harvest in 1951 


June 

12 


June 

25 


July 

18 


Aug. I Aug. Aug. 


18 

40 


' f Smooth Bromegraiss 
12 1 14 1 18 < 26 
38 46 '61 i 58 


29 

57 


Clovers (All dover spedes together) 


37 

15 


45 

11 


51 

6 


34 


44 

3 


39 

o 


0-P Mtan of estiumtes of chock anrl phtj^pbirus.. Ircaiiitt uU. 

N-NP Mean of estimatts of nhro^'en and nitroiien treat - 


The effect of time of harvest is more promiiinced when 
considered with fertilization effects, Wlrere no rfitrogen fer- 
tilizer had been applied, the IcuMge a)ntaine<l approximately 
35 to 50% clovers, with the h.iirvest time having i>ut little 
effect on the dover stands. Wlicre nitrogen fertilizer had 
been used and late harvesting practiced as well the clovers 
were practically eliminated and the forage was predomi- 
nantly grasses. Phosphorus fcrlifization did not have any 
apparent effect on the species composition. 

It is difficult to make any definite staivinents regarding 
the minor species because their esiimates could easily he 
influenced by the competition offered hy ihe predominating 
species. 


SUMMARY 


An experiment was conducted on a high altitude lia\' 
meadow near Gunnison, Colo,, to determine the effects of 
harvesting at different stages of maturity on the yields oi' 
hay, percentages and yields of crude protein and percentages 
and total uptakes of phosphorus. Use of nitrogen and phos^ 
phorus fertilizers was also studied. 

The data indicate that the plants continue to increase in 
dry w^eight throughout the season. However, when fmage 
w^as harvested early in the sevison and the reurowih indiulcd 



in the total yield of hay, there were no signiticant differemes 
in the total hay produced regardless of the; time of the 
initial hatwest. 

The forage tended to become lower in percentages of crude 
protein and total phosplioriis as it became more* mature. 

The data indicate that yields of crude protein and total 
phosphorus uptake continue to increase until near tiie eml 
of the growing season. The greatest total crude protein yields 
and phosphorus uptake, summing the regrowlh and initial 
harvests, was obtained where the initial harvest occurred near 


MEAN OF NITROGEN AND NITROGEN 
PLUS PHOSPHORUS TREATMENTS 


jMEanXof check and phosphorus 

TREATMENTS 


DATE OF HARVEST 

Fig. B.— Crude protein percentages in hay as affected by nitrogen 
fertilization ahd time of harvest. 



Dry Matter and Nitrogen Yields of Legume Tops and Roots 
in the Fall of the Seeding Year' 


H. A. Fribourg and 1. J. Johnson- 


^LTHOliGH the use ol iegiuiies plowed under for green 
Xl. manure is one of our oldest agricultural practices, there 
is a surprising lack of information in the literature on the 
critical evaluation of legume species with respect to differ- 
ences in yields of dry matter or nitrogen, and nitrogen per- 
centages. Numerous investigators*' (1, '4, 9, 10, ll, 12) 
have recorded tiie pounds of dry matter and yield of nitro- 
gen per acre for sweetdover at the end of the 'Seeding year. 
A frw iiu^'Stigations ('2, 6, 7, 13) 'ha\u been made to com- 
pare red clover and al fa i fa, or to contrast these legumes with 
sweetchn er, but no studies were found reporting on the 
comparative value oi’ strains of alfalfa and Lad ino clover, 

Witli changes in seed production practices and greater avail- 
ability of i^adimr clover and Southern common alfalfii, it 
seemed^ desiralde fo evaluate these legumes in comparison 
wit!) biennial ami annual sweetciovers, medium red clover 
and Northern-grown alfalfa, which ha\e been in more com- 
mon use as soimvs i>( green inanure crops planted with oats. 
Ihc data lo be presented in tliis report are limited to com- 
parisons of ih<: legumes in the fall of the seeding year. The 
elfecis of these Icgunjcs on the subsecjueiit yields of corn 
in the rotatiem will be reported in a later paper. 

. MATERIALS AND.'METHODS 

Seediogs of Madrid and Hiibam sweetciovers, Grimm and 
Southern-grown common alfalfas, iuid Ladino and medium red 
clovers were made at hnir locations in Iowa in the springs of 
1951 and 1952. The experimental sites at Ames, Clarinda, Kanawha 
and Marcus, were located on Nicollet loam-Webster silty clay 
loam intergrade, Marshall silt loam, Nicolk*t--Webster intergrade, 
and Marcus silty cky ioam-Prirnghar silt loam intergrade, respec- 
tively. l‘he soils at eacli location either had been limed or had a 
pH value iff 6.2 or above. The legumes were seeded at the rate 
adv 70 viable setsls per st,|viare foot. At all locations, liberal appli- 
cations of pinrsphi^rus and potassium fertilis^ers were broadcast in 
tiie spring anil diskeii in. The oat companion crops were com- 
.bined at maturity. 

A randtanized ctunplete hhick design with four replications was 
used at all locations. Lach plot measured 13 ft, 4 in. by 23 ft, 
4 in. Following a killing frost in the fall of the seeding year, 
samples were obtained from the legume seedings to determine 
yiekk of tops and roots. In 1951, 2 quadrats mea.su ring 18 in, 
by 36 in. were taken in each legume plot; in 1952, 4 quadrats, 
18 in, by 18 in., were used. The method followed for uplifting 
root samples from the soil, and the subsequent washing treatment, 
have been presented earlier (5), Roots vvere sampled to a maxi- 
mum depth not exceeding 21/2 ft. 

After washing, the tops and roots w^ere dried in a 70“ C.-oven, 
and \veighed. The top and root samples from a particular plot 
w’ere then composited separately and ground in a Wiley mill to 
pass a 40-mesh sieve in preparation for subsequent chemical analy- 

^ Journal Paper No. J-2584 of the Iowa Agr, Exp. Sta., Ames, 
Iowa. Project 1205, Received for public«ation Aug. 27, 1954. 

“ Graduate Assistant in Farm Crops and Professor -in- Charge of 
Farm Crops, respectively, in the Agronomy Department, Iowa State 
College, 

•‘^Burnett, Kenneth H. Experiments on fall clipping of sweet 
clover. M.S. thesis, Iowa State College. 393S. 

^ Hawk, Virgil B. The effect of clipping on the yield and nitro- 
gen content of sweetclover, M.S. thesis. State College of Washing- 
ton. 1938. 


sis. Total nitrogen contents of roots and tops were measured by 
means of Winklers modification of the Kjeldahl method (10). 
A 1.5 gm. sample of plant material was used. 

RESULTS AND DISCUSSION 


In 1931, severe attacks of sw^eetclover weevil drastically 
reduced stands of the sweetciovers, and suninier black stem 
seriously damaged the alfalfas. As a result, the dry matter 
yields of these four legumes were low (table 1). On the 
other hand, stands of medium red clover and Lad ino clover 
were excellent and v'ere favored by a moist and cool spring. 
Total (tops plus roots) dry matter yields of medium red 
and Lad ino clovers were in general above 1 ton per acre, 
and were over 1;^ tons in the case of Lad ino clover at 
2 locations. In 1952, good stands of all legumes were 
obtainc'd. Total dry matter yields of Madrid sweetclover var- 
ied between 2 and 3 tons per acre. Alfalfa yields were 
above 1 tori and attained as much as 2 tons at I location. 
The differences between Grimm and Southern common alfal- 
fas were nonsignilicant. The 1952 season was characterized 
by severe mid-summer and early fall drought. Under thOvSe 
conditions, Ladino clover yields compareci favorably with 
those obtained the previous year, ranging between 1 to almost 
IY 2 tons per acre. Hubam sweetclover yields ^vere consider- 
ably lower tlian those of biennial sweetclover. Yields of this 
legume probably were underestimates of the seasonal growth, 
since sampling was oirried out at a time when most leaves 
and some stem branches of Hubam had already fallen off 
the plants. Medium red clover yielded from less than to 
slightly over 1 ton dry matter per acre, and was less produc- 
tive than Ladino clover at ail locations in the 1952 season. 

The top-root ratios for dry matter yields are presented in 
table 2. Madrid sweetclover and the 2 alfalfas had top-root 
ratios varying between 3, and 3, with only 2 exceptions. The 
1951 ratios for these legumes were higher at those loca- 
tions wdiere yields also were larger. However, when stands 
and yields were excellent, the ratios decreased to between 
1,36 and L67. Medium red clover top-root ratios generally 
w^ere higher than those for alfalLis, and ranged between 
less than 2 to almost 4. Ladino clover had a higher top-root 
ratio than medium red clover, as would be expected in the 
light of the growfh habit of the plant and since stolons were 
included in the “top*' portion. The very high top- root ratios 
for Hubam sw^eetclover emphasized the poor root growth 
and development of this annual legume. 

The nitrogen percentages of tops (table 3), including 
crowms or stolons, ^'aried with the season, species, and loca- 
tion. At Kanawha and Marcvis, the nitrogen percentages were 
higher than at the other tw^o locations. This higher nitrogen 
content was associated, in 1951 particularly, with higher 
total dry matter yields. The alfalfas and clover had an 
average nitrogen content approaching as also was the 
case in 1951 for Madrid aw’^eetclover. When the yield of 
the latter legume was high, the average nitrogen content of 
tops decreased to 2.6^^, Hubam sweetclover nitrogen con- 
tents varied according to the percentage of the leaves shed 
by the time of sampling. Root nitrogen contents (table 4) 
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1 d 

foy Table 1 .— -TotaF- dry matter yields (pounds per aicre) ol six legumes harvested 

in the fall of 

the seetiing 

'ear. 

: ... : — 

: ■■ ■ • ' 

, 

Southern 

Madrid 

Hubam 

Medium 

■ 

f kM- ■■■ Location 

Grimm 

common 

sweet- 

.sweet" 

red 

LiUilino . 

1,1:1 1 ■■ 

alfalfa 

alfalfa 

clover 

elover 

Hover 

Hover 

lyi; .v- ■ 



1951 Season 



. Ames _ - .. 

383 

427 

911 

348 

i 2023 

■ 2935 

:'l, Clarinda _ 

558 

452 

858 

227 

1 2148 

‘ 1771 

Kanawha..-.- 

1838 

2076 

1150 

289 

2425 ^ 

' 3182 

■iii' " , Marcus _ - c - - ^ 

1185 

868 

343 

173 

1 2305 i 

; 3479 

■Ivy'll-- Average--,- ------- -- - - 

990 

956 

816 

259 

, 

2225. 

2S42 

;||1: ■' ■ 



1952 Season 



Arnes-- 

2238 

2649 

4953 

1670 

i ■ 1745 

2867' 

yl.' ; '.irv ’ 1- ■ Clarinda _ - ' ■ - _ - 

2694 

2465 

6325 

2302 

* 838 ' . ! 

* 1955 ■ 

..'l'"'" ■ Kanawha. 

3030 i 

2684 i 

4502 

3201 

1873 i 

2668 

' ' Marcus - - ■ .. _ - 

3900 ! 

4287 

4815 

2716 

2217 j 

i 2934 

Average - 

2966 1 

3021 

5149 

2472 

1 668 

! 2606 


Total yield refers to the sum of top plus root yields- 


were lower than those for tops, except in the case of Madrid 
sweetciover. At most locations in both seasons, nitrogen per- 
centage in biennial sweetciover roots was equal to or larger 
than the nitrogen percentage in tops. Although location and 
season eifects accounted for mudi of the variation in nitro- 
gen contents of roots, the wide range noted in the case 
of tops was not as prevalent for the subterranean portions 
of the pilants. 

The total nitrogen yields of the six legimies have been 
tabulated in table 3. The effects of sweetciover weevil and 
summer black stem were reflected not only in low dry matter 
yields for 1951, but also in low total nitrogen yields. How- 
ever, when good stands w^ere obtained, the total nitrogen 
yields closely approxirnated those found elsewhere by other 
investigators. In 1952, Madrid sweetciover yielded 135 to 
150 pounds of nitrogen per acre and the alfalfas produced 
from AO to almost 120 pounds per acre. Grimm and Southern 
alfalfas were not significantly different in nitrogen yield. 
Although the dry matter yields of Ladino clover were not 
as high as those of other legumes, the nitrogen production 
of this legiime was good in both years* In either a cool and 
moist year ( 1951 ) or a season characterized by mid-summer 
and fall drought (1952), Ladino clover yielded from 70 to 
over 100 pounds of nitrogen per acre, with the exception of 
one instance when the yield was only about 50 pounds. This 
latter yield was obtained at Ciarinda, in southwestern Iowa, 


which was warmer and drier than other seliuns of tlk: slait. 
In one test in 1951, medium red dover was superior 
Ladino, but in general the nitrogen } ields of ml tiowr were 
lower than those of Ladino clover, atid ranged bdween 50 
and 70 pounds per acre, Hubam sweetciover \ ields in 1952 
were above 70 pounds per acre at 2 loCvUions; at the other 
2, late fall sampling measured only from 25 to 30 pounds 
of nitrogen. per acre. 

The correlations between nitrogen pert entag^s and dry 
matter yields for all legumes, locations aitd years were 0,01 i 
for tops and 0.41.2 for roots. Only the latleT value excecikd 
the 5% level of significance. Analysis eff variance of the 
nitrogen yield data for each season indicated signiiicant dif- 
ferences at the level for locations, legumes, and the 
legume X location interactions. In 1951, the standard 
error was 11.2 and the coefficient of variability 28.1G ; the 
second year, the standard error was I4.5 but the coefficient 
of variability only 17.52- Further analysis of the 1952 data 
suggested that the use of a larger number of replications 
with fewer samples per plot would have increased thf rela- 
tive'efficiency for yield me.isurements of kguine roots and 
tops, assuming that^,the total, of,, 16 samples used was the 
maximum possiWe for each legun^^ 

Since both ro()t sampling and total nitrogen .inalyses require 
a large expenditure of labor, time and money, 4 would be 
advantageons to arrive at an estimate of the information 


Table 2.--Top«mot ratios for dr y matter yields of six legumes harvested in the fall of the seeding year. 


Location 


Grimm 

alfalfa 


Southern 

common 

alfalfa 


Ames- 

Clarinda- . 
Kanawha. 
Marcus. 


Average 


Ames- 

Clarinda, . 
Kanawha. 
Marcus. .. 


Madrid 

Hubam 1 

Medium 


sweet- 

sweet- 1 

red 

Ladino 

ciover 

clover 1 

Hover 

dover 

1951 Season 



1.32 

7.30 

2.25 ■ ' 

3.58 

1.18 

5.31 

2!o4 1 

2.97 

1.53 

7.04 

3.66 ; 

' 2.78 ^ 

3.02 

8.84 

r,/2.n:: I 


1.76 

7.12 




1952 Season 


Average. . . 


1.48 

1.29 

5.20 

1.35 

1.67 

8.63 

2.20 

2.10 

17,83 

1.52 

3.62 

3,74 

1.64 

1.67 

8.85 


Iliiiiif-: 





Table ‘i- 

-N i t f < ig en p e ft en t ages 

of roots (excluding 

crowns) of six 

legumes hart ested in the fall of the seeding 

)'ear. 




Southern 

Madrid 

Hubam 

Medium 



Location 

Grimm 

common 

sweet- 

sweet” 

red 

Ladino 



alfalfa 

alfalfa 

clover 

clover 

clover 

clover 





1951 Season 



Ames , 


2.50 

2.06 

2.51 

1.90 

2.88 

2.10 

Clarinda 


1.97 

1.62 

1.56 

1.57 

2.68 

2.32 

Kanawha,,. 

. 

8.64 

8.84 

8.76 

2.53 

8.28 

8.28 

Marcus 


2.61 

1.90 

2.92 

1.48 

2.44 

2.28 

Average 


■ 2. 68 

2.23 

2.69 

1.86 

2.67 

2.50 





1952 

Season 



Ames 


2.57 

2 27 

3.36 

2.88 

2,20 

2.46 

Clarinda,'.,. 


^ 2.46 

l]99 

2.86 

1.92 

2.16 

2.07 

Kanawha . 


: 2.75 ■ 

2.44 

8.42 

1.14 

2.85 

2.80 

M' arcus 


2.72 

2,42 

2.52 

2.47 , , 

2.41 

2.27 

Average 


2.62 

2.28 

8.04 

1.96 

'■'2.28' 

2.28 

, 









liihie 3. iSitjogcii percentages of tops (including crowns or stolons) of six legumes harvested in the fail of the seeding year. 


Location 

1 " 

Grimm 

alfalfa 

Southern 

common 

alfalfa 

' ! 

Madrid : 
sweet- 
clover i 

Hubam 

sweet- 

clover 

! Medium 
red 
clover 

Ladino 

clover 




1951 Season 



Ames 

8,07 

2.98 

2.68 i 

2.02 ■ 


8.18 

Clarinda .. ■„ 

2.90 

2.70 

2.52 1 

2.15 

2.90 

2.84 

Kanawha , 

8.85 

8.85 

3.58 

3.07 

8.10 

3.41 

Marcus 

3.84 

3.28 

3.36 

2.56 

3.09 

3.18 

Average.., 

3.16 

8.08 

j 

3.01 

2.45 

2.95 

8,14 



1 

1 1 ! 

1952 Season 



Ames... ., , 

8.02 

■ ' 2,74 

2.80 1 

1.42 

2.69 

8.04 

Clarinda.. , j 

2.70 

2,70 

2.15 1 

1.28 

8,09 

2.71 

Kanawha . : 

■ 8.48, 

8.84 

■ 2.85 

2.88 

8.86 

8.23 

Marcus.. , 

8.87 

8.10 

3.06 

2,62 

8.22 

2.79 

Average.' ^ 

8.14 

2.97 

2.59 

2.04 

8.09 

2.94 


Table 3. 'TiUa nitrogen yields (pounds per acre) of six legumes harvested in the fall of the seeding year. 


Southern Madrid | Hiibam Medium 

Location Grimni common sweet- i sweet- red Ladino 

j alfalfa alfalfa clover j clover clover clover 

1951 Season 

Ames . , „ 11. *1 

Clarinda 38.3 

Kanawha 68.0 

Marcus 

Average 


Ames 
Clarinda . 
Kanawha 
Marcus 

Average 
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Fig, I,-— “Relationship between total (tops pins toots) dry matter Fig. 2. — Relationship between yield of dry matter in the top.s 
yield and total nitrogen yield of six legumes grown in Iowa and total (tops plus roots) nitrogen yield i>f six Uguines grown 

in 1951 and 1952. in Iowa in 1951 and 1952, 


obtained from these two processes through other means. The 
relationship behveen total dry matter production and total 
nitrogen yield is presented graphically in figure L Each point, 
represented by the appropriate symbol for a particular legume, 
refers to the mean yield of dry matter and nitrogen of that 
legume at one location and in one season. The very liigh 
correlation (0,976) obtained between total dry matter yield 
and total nitrogen yield for all legumes, as well as the fact 
that the regression equation, for all practiail purposes^ inter- 
sected the ordinate at the origin, indicates that total dry 
matter yield measurements also were good estimates of nitro- 
gen yield of tops and roots. 

The relationship between dry matter yield of the tops 
alone and the total nitrogen yield in the tops and roots is 
represented in a similar way in figure 2. Although more 
scatter was evident in this graph, again the correlation coeffi- 
cient was above 0.9 and the regression equation intersected 
the ordinate at the origin. It seems, therefore, that estimates 
of dry matter yields of legume tops in the fall of the seed- 
ing year, when the stems are .severed from the roots just 
below the crown (about 1 inch below ground level), also 
are reasonably good estimates of nitrogen yields of tops and 
roots. Further corroboration is necessary to determine wdiether 
this relationship holds under widely different environmental 
conditions and on other soils.^ 

SUMMARY AND CONCLUSIONS 

A study was made to determine the dry matter and nitro- 
gen yields of the tops and roots of six legumes grown at 
four locations in Iowa in 1951 and 1952 wffien harvested 
in the fall of tlae seeding year. Stands, and hence yields, of 
legumes were affected by disease and sweetclover weevil in 
1 year, while in the second year good stands of all seedings 
were obtained. Total dry matter yields (tops plus roots) 
of Ladino and medium red clovers in 1951 were about 1)% 
tons per aae, while alfalfas and sweetclovers yielded ton 
or less per aae. In 1952, Madrid sweetclover yielded 2i% 
tons dry matter per acre, alfalfas about 2 tons, Ladino clover 
1% tons, and red clover between 1 and 1 1/2 tons per acre. 
Hubam sweetclover yields were low In both years at most 
■ locations as a result of the annual growth habit of the species 
, and because sampling was carried out after leaf and some 
Stw losses had occurred. Qrimm and the strain of Southern 


common alfalfa were not .significant!) differeni: in eitlwr 
dry matter yields or nitTi)gen cuntenls. 

Nitrogen percentages of legume tops or roots dk\ not 
vary significantly among species. Nitrogen yields, however, 
varied widely among legumes because of tlie variatic»ns in 
dry matter yields. When gcxxl staiuis were olMainevl, Maiirid 
sweetclover yielded 135 to 15t> pounds of nitrogen per 
acre, alfalfas yielded between 6() and 120 jx>unds, Ladino 
clover between 50 and 110 and medium red clover between 
35 and 80 pounds of nitrogen per acre in tops and rcjots. 
Tile variations observed within legumes were due to the 
effects of both location and season. 

Madrid sweetclover root yields were nearly equal to the 
top yields. Alfalfa top-root ratios were slightly higher than 
those for biennial sweetclover. Red clover top-root ratios 
were about 1,8 to 3.8, wliereas those tor l^adino clover wei'e 
somewhat higher. 

A correlation of 0,976 was i obtained bet wet n total dry 
matter yield and total nitrogen yield for all legumes at 
all locations for both yeans. The Ci>rre!ation for all legumes 
between dry matter yield of tops (cut at ihe irown) and 
total nitrogen yield was 0,936. The latter relationship between 
top growth and total nitrogen yield lends confidence to the 
possible evaluation of legumes, in the fall of Ihe seeding 
year, in terms of top yiekis alone. 
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Fertilizer Value of Rhenania-Type Phosphates 
in Greenhouse Experiments V 


E. J. Brenes, R. Miller, and W. R. Schmehl^^ 


R ESUn^ obtained in a recent investigation carried out 
- by tJie Colorado Agriailtural Experiment Station (7) 
indicated tliat Rheoania-type phosphate, a finely ground, very 
slightly waier-scduble material, was its available to various 
ii’ops grown in two calcareous Colorado soils as concentrated 
.superphosphate. The Rhenania-type iiuitenals used in the 
study were ground to pa.ss from 75 to through a 200- 
niesli sieve. They ^’ere found to be less effet th e when placed 
in a band than when broadcast and pKnc'Ccl under, a fact 
whicii indicated the possibility that this fertiliser s efliciency 
may be decreased if applied in a granular form. These results 
merit additional study of the availability of Rhenania-type 
pho.sphates in. calcareous soils. 

The greenhouse experiments reported' herein ' had 'two 
objectives: ' ■ 

fl :) To ascertain the rdatix e availabil ily of finely ground 
Rhenania-type phosphate and concxmtrated super- 
plmspliate in six 'western soils, and ■ 

(2) To study the effect Of granulation of Rhenania- 
type phosphate upon the availabiiily of the lerti- 
lisier. 


■ ■ MATERIALS AND METIiODS: ' - . : 

Phosphate Source Study 

A gixeuhouse exyeiamcmt using Siberian millet as the test crop 
was conducted on six western soils of varying textures and lira e 
content. For the description of the soils used^ see table 1.® Each 
soil was air-dried, screened through a 2-mm. sieve and thoroughly 
mixed to insure homogeneity. Vanaus phosphate materials were 
tested but. only the results obtained with concentrated superphos- 
phate and a nndy ground Rhenania-t)'pe phosphate are reported 

^ Contribution from the Agronomy Section, Colorado Agr. Exp. 
Sta. The work was supported in part by a fellowship grant from 
the Ideal Cement Co. Authorized by the Director of the Colo. 
Agr. Exp. Sta. for publication as Scientific Journal Series No, 447. 
Rec. for publication Aug. 30, 1954. 

® Graduate assistants and Associate Agronomist, 

®The writers wish to express their appreciation to the follow- 
ing individuals for supplying soils utilized in this study: 

Dr. W. H. Fuller, Arizona Agr, Exp. Sta.; Mr. Lionel Harris, 
Scottsbluff, Nebraska Exp, Farm; Dr. R, L. Hausenbuiller, Wash- 
ington Agr. Exp. Sta.; Dr. W. E. Iwarson, Montana Agr. Exp. Sta.; 
and Dr, H. B. Peterson, Utah Agr. Exp. Sta. 


Percent 

Percent pH organic 
CaCO matter 


Arizona „ .. > Mojave sandy loam, 
Colorado , „ Berthoud clay loam. 

Montana Pryor silty day 

Nebraska...... Trip very fine sandy 

loam 

Utah Millville silty day 

loam 

Washington Sagemoor sandy 
loam.,.-.^ 


0.44 

1.81 

1.69 


hereJ The fertilizer materials were applied at the rates of 0, 50,. 
and 200 pounds of P2O5 per 2,000,000 pounds of soil by inti- 
mately mixing corresponding amounts of soil and fertilizer in a 
twin-shell blender. Twenty-two hundred grams of treated soil 
were then placed in a lA-gallon cardboard container; each treat- 
ment was replicated four times. The soil wa.s maintained at mois- 
ture equivalent for 19 days, air-dried, and planted. Suflicient 
nitrogen and potassium were added to preclude the occurrence 
of deficiencies in these nutrients. Twelve seeds were planted in 
each pot and subsequently thinned to seven plants. Adequate 
moisture wars maintained throughout the entire growing period 
by bringing the soils to moisture equivalent every other day. After 
49 days the plants were harvested by cutting the culms just above 
the crowns. The plant material was dried in a forced draft oven 
at 70'^ C. The weight of oven-dry matter was ascertained and the 
plant material w\as then ground in a Wiley mill to pass a 40- 
mesh screen. The phosphorus content of the plant material was 
determined colorimetrically as molybdivanadophosphoric acid (l) 
after digestion with a perchloric-sulfuric acid mixture. The avail- 
able PyO-. in the soil was determined as pounds P^Or, per 2,000,000 
pounds of soil soluble in 0.5 A1 NaHCO;! (6). 

The yield of dry matter, total phosphorus uptake, and the avail- 
able phosphorus in the soil at the condusion of the experiment 
were used as means for judging the availability of the phosphorus 
in the fertilizers. 


Granulation Studies 


Two greenhouse experiments utilizing two dijfferent soils and 
granulated Rhenania-type phosphate of varying granule sizes were 


;^The Rhenania-type phosphate was a product of Germaa manu- 
facture, graund to pass 90% through aTOO-mesh sieve and 75%; 
through a 200-mesh sieve. It contained 0.26% water soluble and 
23.8% ammonium citrate soluble PaO-.. 


Table 1. — Description of soils used in phosphate-source 
availability study. 
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carried out. In one of the tests, a Fort Coiiins loam was used 
with Colsess barley as the test crop. The soil contained 3-0% 
CaCOu and had a pH of 7.9. The gninulated Rhenania-type phos- 
phate was prepared from im experimental product manufactured 
by the Ideal Cement Co. containing 23 .Y; 7 ' ammoiiiuoi citrate- 
soluble and 0.08% water-.soluble F-0,i and was ground to pass 
80% through a 180-mesh sieve. Four granule sizes were tested; 
—180, —90+180, —16+50, and — 4+ I6miesh.'’ The availability 
of the phosphate in the two coarser materials was tested for three 
different degrees of granule hardness classified by the manufat- 
tiirer as soft, medium, or hard, according to the ease with wdiich 
the granule.s disintegrated wdien immersed iri w^ater. The granules 
were well rounded wdth the exception of those in the hard 
— 16-+50-inesh material which w^ere irregular in shape. 

After preparing the soil in a manner similar to that followed 
in the source study, the materials w^ere applied at a rate of 60 
pounds citrate-soluble PsOr, per 2,000,000 pounds of air-dry soil. 

In mixing, care wras taken to avoid crumbiing the granules. Two 
thousand grams of .soil from each treatment Were placed in a 
l/i'galion cardboard container and maintained at moisture equiva- 
lent for a week before planting. Each treatment was replicated 
four times. Twelve seeds w^ere planted in each pot, but after 
germination, the pots cvere thinned to contain 10 plants. Nitrogen 
was added to insure a suthciency of the element. The soil used 
did not require additional potassium. Watering was accompli.shcd 
by bringing the soil to moisture equivalent every other day. 

After 106 days, the plants were harvested, oven-dried, weighed, 
and analyzed for pbo.sphonis content by the same procedures 
used in the phosphate-source experiment. 


'■ The granulated Rhenania-type pht)sphates were supplied by 
G. W. Wilsnack, Research Director, Ideal Cement Co., LaPt)rte, 
Colo. They were prepared from the finely gound material by mois- 
tening with water and redrying in a kiln at varying temperatures. 

Table 2, — Average oven-dry weight and phosphorus upta 
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The second experiment was^ conducted in lerry sandy Hay htam 
containing 0.9% CaCO» and having a pH of "L2. 'Fhe yitid oi 
dry matter ol Dakota Kursk millet was use*! as the: t:*'}terion leer 
measuring tlie availability of pliosphiuiis from the gianulated 
materials. Eight granule . sizes, +5,'-— 5d"-+\ - '-'Ye+dt), -dF+dO, 
—20+60, —20+180, —60+181), and — IBll-mcsh. were separated 
from an experimental granulated material supplic-il by tlic Ideal 
Cement Co.*‘ The granules were well rounded and .ilthoiigh ratht'r 
resistant to crumbling when squeezed betweeri the tluimb and ferre- 
finger, tliey fell apart readily when immersed in w.itef. 

The different granule sizes were applied at a rate cd’ 8() piiunds 
citrate soluble MXF per 2,000,000 pounds of air-dry scdl. After 
careful mixing of the material with tlie soil to avoid destructiesa 
of the granules, 4,000 gm. of treated soil were plued m a Ugaljon, 
lacquered tin can. Each treatment was replic.Ued li>ur times, llie 
soil was maintained at moisture equivalent for a week before 
planting. Nitrogen and potassium were added to piscvide ail equate 
amounts of these nutrients. Five plants were grown per pot. After 
a growing period of 50 days, the plants were Irarvested and 
oven-dried. 

RESULTS AND DISCUSSION 
Phosphate Source Study' 

The ovvii-dry weights of Siheriai) iiullet .n)d total phos- 
phorus uptake by plants as inrtucik.vd h} smirii. ru phosplu^rus 
and kite of application are sunini.irizeJ in fable 2, llie adili- 
tion of either Rhenania-type pliosplule or uHkentratevi super- 

^‘The granulated material was prepared fmm the t}neh .urotmd 
fertilizer using pY/f hl.ick str.ip n\o|asses as the bindiing agent, 

a for millet as influenced In source and rate oi phosphate. 



Yield of dry matter gm.per pot 


Pho.spht>rus uptake in nigm, F pt^r pot 



corresponding value for concentrated superphosphate. 
Significantly higher at the 1% level than corresponding value for concentrated superphosphate. 


Phosphate material 


PoundvS P 20 .1 applied 
per acre 


Average 

for 

materials 


Pound.s P :0 applied 


per. acre ' j Average 


0 

50 

; 200 

; material 

13.4 



1 ; 

1.‘J.4 

... 

■ 23.1** 

' 26.8 

i 25.0* 

— - - ■ 

16.5 

: . 28.7; 

22.6 

8.8 ^ 


i ...... ■ 

1 ■ ' 8.8 

■ — ■' 

n.2 

10.8 

ii.it 


10.0 

+ 10.2 , 

i 10. i 

1,8 


, 

1 + 

, . ■ 

: 7.5.- ' 

■ ■■ 11.7 . 

U , .8.6 ■ 


; ' 6y5:. 

lu.l 

i ■ 8.3 

7.9 



!. , . ■ 7.9:: 


9.5 ■ 

^18,1' 

1 ■ 13.8 . 



1 11.8 

I 

18.2 

1 .15,0 

3.0 

1 


[ ■ 30. ; 

■■ 

!■ .10.7' 

■ ■20.3 . 

1 , 15.0 

— -™-- ■ 

;■ 12'.8 \ 

1 20 . 3 ; " 

+ . 16^.5. 

2.0 

■~ — 1:2 ' ' 


I:- ■ 2.0 

- — — . 

1 . ,9.4 ■: 1 

15.6 

!.■ ' 12'.5, 

, 

i,',i'9,6 1 

14.1 

1 . ■■ 11.8:, 

! ■ ■ . 


■', 3- ■22 ": 


p■■'■■2.v3■. 


4.26 




Soil 


: ^ 6.2 
14.4 
14 yl" 

O.H 


Mojave 


Berthoud_„ 


Pryor. 


Tripp. 


Millville 


Sagemoor. 


L.S.De 0.05_ .. 
L.S.D.0.0X_. 


No phosphorus ..... : 

Rhenania-type phosphate . _ . _ 
Concentrated superphosphate. 

No pho.sphorus..., 

Rhenania-type pho.sphate 

Concentrated superphosphate . 

No phosphorus 

Rhenania-type phosphate 

Concentrated superphosphate- 

No phosphorus. 

Rhenania-type phosphate 

Concentrated superphosphate. 

No phosphorus . _ 

Rhenania-type phosphate 

Concentrated superphosphate- 

No phosphorus- . . - - _ . . . 

Rhenania-type phosphate 

Concentrated superphosphate- 


Average for six soils: 

No phosphorus 

Rhenania-type phosphate - 

Concentrated superphosphate 

; L.S.D. 0.05 


16.9 

16.9 


11.9 

11.2 


1.36 

1.80 


9.83 

8.90 


6.97 

6.74 


5.47 

4,93 


8.11 

8.31 


8.20 

9,38 


7.08 

7.01 


9.95 

9.47 


8,93* 

7.27 


8.29 

8.45 


9,68 

9.38 


11.60 

11.30 


8.73 

7.81 


7.61 

7,55 


9.53* 

8.95 


0.55 

0.73 


7.48 

9.89 

9.18 


5.89 

7.95 

7.00 


1.49 

6,88 

6.45 


6.35 

8.89 

8.84 


2.49 

9.90 

10.34 


1.87 

7.90 

7.41 


0.33 

0.52 


0.96 

1.22 


4.26 

8,57 

■8.25 
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phosphate increased the yield oi dry matter and phosphorus 
uptake do all/ tile ’ soils. 

The d\X'Vd*^v \alues oi yield oi millet and phosphorus 
ujitake liJT the b soils iit ilie 2 rates of pliosphate application 
were, respedi\el}\ and Id.4 mgm. for theRhenania- 

lype phosphate and H.25 gm., and 14,1 mgm. for the con- 
cenlralcd superphu.sjshatc. I’he diilerence between yields or 
phosplionis uistake for tlie 2 phosphate materials w^as not 
signiheant: although the difference in yields closely approached 
signilicai'Kt? at the le\’el. 

Ocasionall}'. sigoiheant dilterences occurred betw'een cor- 
responding values for tiie phosphate materials in individual 
soils and rates of application. In the Berthoud soil the yield 
of oven-dry matter produced by the 2()0-poimd rate of 
Rhenania-l\pe pliospliate was significantly larger at the 5% 
level than the }'icld obtained from the ecfuivalent application 
of concentra.ied superphospluue. Also, the uptake of phos- 
phorus from the treatment i\cei\ ing the 50-paand applica- 
tion of Rheoanfa-type phosphate in tlie Mojave soli Avas 
sigoificaiitly greater at the lU level than the phosphorus 
uptake irorn the same rate of concentrated superphos- 
jdiate. llie low \alues for the coocentrwited superphosphate 
■ treatments were not consistent with other results for the 
same soils. 

When tlic averages for yield on the six soils were com- 
piled, tlierc \\-as/ a significant difference between fertilizer 
sources at llu; high rate of application. The average uptake 
of phosphorus in the Mtijace soil was significantly greater 
i'rt.im Rlunania-type pliosphate tha.n friim concentrated super- 
phtisphate. In both averages the Ifigher values for the 
khen.inia-t)’jse phosphate largely the result of the indi- 
\4diiai differences p^e\^iously. mentioned. ' 

The available soil phosphorus values obtained at the con- 
clusion of the experiment on composite samples of the four 
replications from each treatment are tabulated in table 3. 
Imr all soils and rates of phosphate, the application of either 
phosphate material increased the available phosphorus to 
alxmt the same level. 

The results obtained in this study are in agreement with 
results obtained in field studies (7) inwhidi finely ground 
Rhenania>lyjX‘ phosphate was found to be as effective a source 
of phosphorus as concentrated superpliosphate when the fer- 
tilizer was plowed under. 

Hie fact that water-insoluble Rhenania-type phosphate 
compares facoraidy concentrated superphospliate as a 
source of phosphorus in calcareous soils such as those used 
in this study indicates that the water-solubility of a phosphatic 
fertilizer should not be the sole criterion for its suitability 
for use in calcareous soils. Perhaps better means for judging 
Its suitability would be to consider also: ( 1) the end product 
or products of tlie reaction it undergoes when incorporated 
svith the soil, (2) particle size of the fertilizer, and (3j 
method used in its application as discussed in an earlier 
study (7). 

Lea and Nurse (3) aiicf Franck, et aL (4) reported that 
Rlicnania-lype phospliates w'ere solid solutions of CaNaPO^, 
with Ca^SiO^i. Tl\c compound CaNaPO.^ the phosphate fer- 
tilizer component in Rhenania-type fertilizers, , was the sub- 
ject of a study by Blanc (2). This worker indicated that 
CaNaPO.j. was hydrolyzed by hot w^ater in the presence of 
CO 2 into di- and trisodium phosphates and neutral and basic 
calcium phosphates. He indicated also that hydrolysis was 
rapid when the pH of the medium wa.s maintained around 
H and 9. 


Table 3. — Available soil phosphate as influenced by source 
and rate of phosphate. 


Phosphate material 


Available soil 
phosphorus in lbs. 
P 2 O f. per acre* 

Lbs. P 2 O ii applied 
per acre 




0 

of) 

200 

Mojave 

No phosphorus „ _ 

18 

■ 




Rhenania-type phosphate, . 
Con Gentrated super- 

■ — ; 

28 

84 


phosphate, ... 

— 


SI 

Berthoud 

No pho.sphorus 

28 






Rhenania-type phosphate 
Concentrated super- 

— 

40 

103 


phosphate 

— 

53 

97 

Pryor , .. , _ 

No phosphorus 

13 

— 




Rhenania-type phosphate - .. 

— 

22 

62 


Concentrated siiper- 





phosphate _ _ 


22 

.75' 

Tripp 

No phosphorus : 

18 






( Rhenania-type phosphate _ _ 
Concentrated super- 

— 

26 

104 


phosphate 

1 

33 

92 

Millville _ 

No phosphorus 

i 28''- 

■ '■ 



Rhenania-type phosphate-. 
Concentrated .super- 

— 

31 ■ 

. .. ' 


phosphate 


; 37 ^ 

,92 

Sage moor 

No phosphoru,s „ - 

T fl' 

— 

. . 


Rhenania-type phosphate^ „ 
Concentrated super- 

- — 

17 

93 


phosphate , - 


17 

81 

Beterinin 
Hterature cil! 

ed as P./.)- .iolublf in 0.5 1/ NaH 
[ttions. 

CO., of r 

m 8 . 5 . 5 

>ee/(6> ail 


Studies by Brenes' have shown that Rhenania-type phos- 
phate decomposes in aqueous media below pH 9.0 or 9.5 
to fonii a very line white precipitate. X-ray examination 
revealed that the crystalline material had an apatite-like lattice. 
Very little water-soluble phosphorus was present, hi the soil, 
the end product of the reaction miglii: be either a discrete 
phosphate precipitate or a phosphate on the surfaces of the 
soil particles. In either case, measurements have shown that 
the reaction may produce as much surface phosphate as that 
resulting from an equivalent P^O- application from concen- 
trated superphosphate (7). The rate of the reaction should 
be faster, the finer the particle size of the fertilizer and the 
greater the mixing of the fertilizer with the soil 

Granulation Studies 

The yield of Colsess barley as oven-dry matter and total 
phosphorus uptake as influenced by different granule sizes 
of Rhenania-type phosphate are summarized in table 4. Ail 
the granulated materials, except —90 + 1 BO-mesh, produced 
yields of dry matter significantly iow-er than those obtained 
from the finely ground product, — IBO-mesh, The yields pro- 
duced by the different degrees of hardness within a granule 
size did not differ significantly and were averaged to obtain 
the means of the two granule sizes involved for —4-)- 16 

" Brenes, E. J. The properties and nature of Rhenania-type phos- 
phate.^ and. their availability in calcareous .soils. M, S. Thesis, 
Colorado A and M College, 1954, 
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Table 4.— Oven-dry weight of barley and phosphorus uptake by plants as affected by granule size of Khenania-type phosphate. 

Fort Collins loam. 


Phosphate material* 


No phosphorus- - ------- - _ - - 

Rhenania~type phosphate, fine. _ - 

Rhenania-type phosphate, granulated. - 
Rhenania-type phosphate, granulated!- 
Rhenania-type phosphate, granulated f- 


L.S.D. 0.05- 
L.S.D. 0.01- 


Granule size 
(mesh) 

■ i 

Dry weight 
yield 

gm./4 pots 

F uptake 
mgm. P/4 
pots . ; 

I 

Relative* 

Dry 

weight 

efiieieney 

P 

uptake 


11.54** 

12.08** i 



-180 

17.48 

20.05 i 

100 

100 

-90+180 

! 16.59 

1 18.29 

85 ! 

■78 

-16+50 

18.71** 

15. 25** 

87' 

41 

-4+16 

12.81** 

13.81** 

,21 

22 

1 


1.55 

1.90 



— 

S' . 2.08. 

1 ' ' ■ 

2. .57 




■^Ali materials applied at a rate of 60 pounds Py0j.y2,000,000 pounds soil. 

Significantly lower at 1% level than yield of -ISO- mesh, 
t Values shown are averages of soft, medium, and hard granules. 


and — l6+5G-mesh. The effect of the granulated materials 
on the phosphorus uptake by the plants was in the same 
order as their effect on dry matter production. 

The relative efficiencies of the various granule sizes shown 
in table 4 were determined on the basis of the increases 
obtained in dry matter and total phosphorus uptake above 
the no-phosphorus treatment using the values for the fine 
material as 100%. 

The oven-dry weights of Dakota Kursk millet as affected 
by the various granule sizes are tabulated in table 5. The 
Terry sandy clay loam was very deficient in available phos- 
phorus and all the treatments resulted in marked yield in- 
creases above the no-phosphorus treatment. The yields ob- 
tained from ail the granule sizes with the exception of 
—604- 180-mesh were significantly lower than the yield 
obtained from the fine product. Again, as in the barley 
experiment the smaller the granule size the larger was the 
increase obtained in yield. The relative efficiencies for the 
different sizes were calaiiated in the same manner used for 
the barley experiment. 

In general, as shown by crop yield and phosphorus uptake, 
the granulated materials were less available than the finely 
ground product with availability decreasing as the granule 
diameter increased. These results are in agreement with find- 
ings of Crowther, et al, ( 3 ) , which showed that the effec- 
tiveness of a high-soda silienphosphate (a Rhenania-type 
phosphate) improved . with decreasing particle size until a, 
fineness of 60-niesh was reached. 

The relative external surface areas exposed by the same 
weight of the different granule sizes w'cre calculated for each 



RELATIVE SURFACE AREA OF GRAWLES 

Fig. 1. — 'Relationship between external snrlate Rhi:iianja«type 
phosphate grannies and yield response of h.irky. Fent Gdiins 


loam. 
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Table 5.— Oven-dry weight of millet as influenced by granule size of Rhenania-type phosphate. Terry sandy clay loam. 

Phosphate material* 

Granule size 
(mesh) 

Dry weight 
yield 

gm;4 pots 

■Relative 

efficiency 

Rhenania-type phosphate, fine 

^180 
-60 4-180 
-20 4-180 
-204-160 
-9+20 
-5+20 
—5+9 

IS 70 


Rhenania-type phosphate, granulated. 

Rhenania-type phosphate, granulated _ 

Rhenania-type phosphate, granulated .. 

lo . f U 

18.0.5 

14.00* 

"iA 

i-vO 

96 

69 

70 

80 
' o tr ' 

Rhenania-type phosphate, granulated^ . . i 

Rhenania-type phosphate, granulated . ! 

" 7 - '.XA* ■ 

Rhenania-type phosphate, granulated ^ i 

» *00 

' ' 0 

'18 -/^ ■■' 
-4 'TO;' 

Rhenania-type phosphate, granulated „ . 

^ 0.04 . 

■ ■ ' , IS o i 5fe 


..^;'.:Y3.69.':: 

SigttificEmtly lower than yield of nxinus-l 80-mesh at. ISJ. 


-W. "":2^64> 

[:'/■ 


pounds P^Og per 2,000,000 pounds soil. 


j’. „ , . ' t All yimterials applied at a rate Of SO pou 


^'1 

m 






BRHNHS ET AL.: FERTHjZHR VALUE OF RHENANIA-TYPE PHOSPHATES IN THE GREENHOUSE 


experiment frojn the mean areas of the grannies, assuming 
that the granules were spherical and that there was an even 
weight ilistrihution of sizes between the upper and lower 
limits of the various separates. The values thus obtained were 
plotted against the cofresponding incteitses in oven-dry 
weight; the faulting graphs arc shown in figures 1 and 2. 
The graphs indicate that the availability of phosphorus in 
the granulated Rhenania-type phosphates increased as the 
relative external surface area of the granulated materiai in- 
creased and that the rate of increase in availability steadily 
. decreased with increasing surface area. , 

Neither the citrate-soluble content nor a measure- 
ment of external surface area of the original unskked sepa- 
rates could be ascertained by methods at hand because the 
granules disintegrated during the determinations, resulting 
in apparent values essentially equal to the one for the finely 
ground pnxliict. Thus, the application of the granulated phos- 
phate in 'equivalent'' citrate-soluble quantities does 

not necessarily mea!i that equivalent rc‘sults will be detained. 

SUMMARY AND CONCLUSIONS' ■ 

The iomparative availabilities of a finely ground Rhenania- 
type phospliate and concentrated superphosphate in six cal- 
careous \\'€Stern soils were studied in a greenhouse experi- 
ment willi miliel: as the test crop. Using dry matter produc- 
tion, total phosph*>rus uptake, and measurements of availabie 
soil pl}t)sphoru.s as criteria, the availability of the Rhenania- 
type phosphate was found equ;il :to that of ' concentrated 
superphosphate. ■ ' 

The effeci of graiiulation upon tilt? effectiveness of 
Rhenania.-U'pe phosphates was also studied. It was found that 
granulation decreased their availability in calcareous soils. 

From the results obtained in this investigation, it was sug- 
gested that a Rhenaoia-type phosphate becomes available 
largely through the formation of an end product possessing 
an extensixe phosphate surface. \Yith in limits, the finer the 
fertilizer poHliiU’, and the more thcirough the mixing ^ 
the soil, the grealer will be the surface phosphate and the 
: available soil phosphorus. 
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The Effect of Clipping and Grazing on the Subsequent 

Growth of Winter Oats’ 

Nomian Justus and R, L. Thunnan^ 


APPROXIMATELY 35% of the average annual oat acre- 
age in Arkansas is harvested for hay and silage. A ques- 
tion as to the importance of plant height and related responses 
in siiiall grain for hay was suggested by the work of Cutler, 
e/ cdS* and Washko/^ Cutler reported that delayed clipping 
of wlicat reduced plant height subsequently in experiments 
in Indiana. He also reported that the reduction in plant 
lieight was due to the reduction in length of the lower inter- 
nodes, and the reduction in plant height combined with the 
shortness of the lower internodes is closely related to lodg- 
ing resistance. The maturity of the wheat crop was delayed 
from no days to 5 days depending upon the date and number 
of clippings. Washko‘^ found that grazing reduced plant 
height and tillering and postponed ripening 4 to 8 days in 
oats, rye, barley and wheat in experiments in Tennessee. 

MATERIALS AND METHODS 

Four experiments involving Arkin and Arlington oats were .sown 
Sept. 15, 1953 in a split plot design in four replications at the 
Main Experiment Station, Fayetteville, Ark. Experiment A received 
clipped and undipped treatments. The dipping was accomplished 
with a lawn mower with the cutter bar set 21/2 indies from the 
ground level. The first dipping was made Oct. 27 and regrowth 
dippings were made Nov. 19, Dec 10, Feb. 2 and Feb. 26. Clip* 
pings were made when the plots showed sufficient growth for 
grazing. 

Experiment B was sown as a duplicate of Experiment A and 
was. grazed with dairy animals on approximately the same dates 
when Experiment A plots v/ere clipped. The animals remained 


Table 1. — ^Average oat hay yields, plant height and percent 
stems of two varieties at four rates of sowing 
and twm dipping treatments. 


Rate.s of sowing 
in buwshels per acre 

Tons of air-ciry 
hay per acre 

Plant 

height 

in 

inches 

Percent 

stems 

Undipped 

clipped 

i 

■■■. ^'3,7'. 

3.0 

31.3 

■44.2. ■- 


3.7 

3.1 

34.3 

46.3 

4 


, ■ :3.4 

34.4 

43.0 

0 


7: .278 ■■ 

36.3 

45.4 

Average 

4.0 

3d 

34.0 

44.7 

L.S.D. 5% leveL 

1. 

■ '■! 

2.8 


L.S.D. 1% leveL 

1. 

1 . ■ 

.S':;. ■ : ..J 

3.8 

■ . ' 


^ Research paper No. II35 Journal Series, University of Arkansas; 
Fayetteville, Ark. Published with permission of the Director of 
the^ Arkansas Agr. Exp. Sta. Part of a thesis submitted to the 
University Graduate Council by the senior author in partial fuh 
iillment of the requirements of the M.S. degree. Rec. for publi- 
cation Sept. 1, X954. 

^ Graduate Student and Assistant Professor, respectively. 

H.j Dioisio, P, S.j and Mulvey, 11. R. The effects 
of dipping to stimulate pasturing winter wheat on the growth, 
and quality of the crop. Jour. Amer. Soc Agron. 4l:169-~173. 

1949. 

"^Washko, J, B. The effects of grazing winter small grain. Jour. 
Amer. Soc. Agton. 39:659-666. 1947. 


in the plots until they had removed ahtnit all «»f t’he upper leaf 
forage. The dairy animals grazed the plants closer than they 
were clipped in Experiment A. 

. Experiment C was sown at a .1% 3*. 'l* and y»bu>hel .rate per 
acre. Experiment D involved : 1 -?/4 and TlA hu^•he%v^te^ , per acre in 
each of 7-and l44nch row spadngs. The dipping freatments ot 
the two experiments were the same as tnr lixperimeot A. 

The hay was harvested, leaving a stuhhlt* ahnut 4 inches rhgh, 
as the maturity of the plants readied the snft >tage. The 

weights were recorded on an air-dry basis wliich ^eutaintd appoixi- 
mateiy Mtv moisture. Plant heiglit ^vas measured rust pnVer to 
harvest. 

The leaves and heads were removcil frejm the hay 

samples. The rem.iinder of the samjile is leterred as stripped 
stems, and the percent stripped .stems ,ot l,uiy sam.|.dir 

was determined on a weight basis, 

RESULTS AND, DISCUSSION' ' 

The undipped plots produecal si^gjiithantly greater air-dry 
Imy yields per acre tlian did fhe tlipped pluis, *11 the Ur 
level, iir exq^eriiTKmi A, There was no signiikanil diiferiiue 
in tlie plant height of the clippeal and ustdipped plots, li 
was not possible to disliogaish between tlie dipped and 
undipped plots from plant height alone. 

The gnized plots yielded slightly less air-clry liay per acre 
than did the dipped plots. Plants in the gr.ized plots were 
shorter than the plants in the dipped plots whidi \\as 
probably cRie to the fact that the dairy animals tended to 
remove' a. greater percentage of the top growtfi than was 
removed by clipping. The grazed plots could not be com- 
pared with the undipped plots statistkaily. 

Maturity was delayed from 3 to 5 days following dip- 
ping, .and 4'^ to .8 days following grazing., Thcv d-estractiori 
of growth of buds by winterkill or otherVaUors could have 
imilted in diffettawT^ in liay yields and plani ludght. Tlie 
dipping of regrowth whidi required the ad\‘aiRe?uuit of 
new bud growth probably uiiiscd the delayed matiirily. If 
spring dipping is delaved until tk- early sfen’is are dc\dopcd, 
they may be destroyed or injured or the reserve food useil, 
resulting in a reduction in the number of stems to produce 
hay or mature grain. 

The 1-, 3-, 4- and 5-biishd rates ol sowing per acre pn?- 
diiced average yields of 3.35, 3.40, 3.95 and 3.50 tons of 
air-dry hay per acre and plant heights of 31.3, 34.3, 34.4 and 
36.3 inches, respectively (table 5). The hav yiedds did not 
differ signiricantly but the plant height of ' the one bashei 
rate of sowing was significantly lower than the other rates. 
The rates of sowing had little effect on hay yields despite 
taller growtli by the higher rates. The tindipped jdots pro- 
duced significantly higher yields than the dipped plots. 

Mean yields of air-dty hay per acre from the 7- and 14- 
inch row spacings were 4.1 and 3.0 tons, respectively, which 
did not differ significantly. The mean plant heigltts in the 
7- and 14-mch row spacings were 36.1 and 30.8 inches, 
respectively. Tlie 74nch row spacing produced .significantly 
taller plants than did the 14-iach spacing. Plant height 
increased directly with increased sowing rates and inversely 
w4th increased row spacing. 
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^ Obviously, iIk. stems of the plants in the 1-bushel rate 
ot sowing jik! tlie TTincl'i row spacing (the significantly 
lower plants) were greater in diameter "than in 'the 
.ind ^-bushel rate of sowing and ■ the 7-inch' spaced ' rows, 
suggesting an increase in the proportion of stripped stems 
of the liay produced. 

The percent stripped stems of the 1-, 3% d- and 5-busheI 
rates of sowing was 4-1.2, 46.3, 43.0 and 45.4, respectively, 
.md did nor differ significantly. The 7- and Id-inch row 
spacings prodtictii about the same variation in percent 
stripped sterns as was, found in the rates of' sowing experi- 
ment R-rcent strippeii stems for the dipped plots \wis higher 
rhan tor tltc undipped plots in the rates of sowing experi- 
.ment and lc?wer in the row spacings and did not indicate 
a distirwt paiterru The variation among replications was 
greater than between trealments. 

A composite saiui'^le ot the stripped stems from the four 
rephcatioiis of the I- and 3~bu.shel rates of .sowing ' was 
maiie, Tl'u.; li>wer .mternodes ol; the stripped stems of tlie 
1-bushel, rate *4 Sv>w] ng ■ averaged 10.6 cm. in length and 
12,9 cm. tor the 3-busiiel rate ol sowdng. Similar samples 
from tlie 7- and 1 4-inch row' spacings gave almost identical 
iTieasiireiiieru's as tlie 3- and' .1 -bushel sowing rates, respec- 
livdy. Plants witli short internodes would possess approxi- 
mately die same number of internodes a.s taller plants With 
longer internodes an^i consequently the same number , of 
leaves. 


According to And us g' light either destroys or causes a 
transfer of auxin in plants. The eifect of the rate of sow- 
ing and spacing on stem and internodal length was probably 
caused by tlie auxin level in the plants. The increased amount 
of light reaching the leaves of the crowui branches of the 
plants in the 1 -bushel rate of sowing and the 14-inch row- 
spacing reduced the auxin content of the plants, resulting 
in shorter lower plants internodes. The plants in the 3-, 4- 
and 5 -bushel rate of seeding and 7-inch spaced rowrs produced 
a greater shading effect of the leaves of the crown branches 
of the plants which allowed a build -u]> of auxin, resulting 
in longer iiiternodes. 

SUMMARY AND CONCLUSIONS 

Experiments were conducted to determine the effect of 
clipping and grazing on the subsecjuent growth of winter 
oats. The undipped plots produced significantly greater air- 
dry hay yields per acre than did the clipped plots. Plant 
height increased directly witli increased sowing rates and 
inversely with increased row spacing. The significantly lower 
plants possessed shorter lower in teniodes. Maturity was de- 
layed from 3 to 5 days following clipping and 4 to 8 days 
following grazing. The percent stripped stems did not fol- 
low a distinct pattern. 

Audus, L. ]. Plant Growth Substances, Interscience Publishers, 
IiK. N. Y. 1954. 
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The Effect of Soil Treatments on the Tannin Content 

of Lespedeza Sericea' 

Clarence M. Wilson-’ 


1 ESPEDEEA sericea (L,' emeiUit) is now being grown on 
/^ .more than t:me-half rniilion acres in Alabama. This indi- 
cates that .sericea holils an important place in the forage crop 
program of that stale. 

One of ihe factors favoring sericea production is its ability 
to furnish grazing under summer conditions so adverse that 
most other forage tiiips cease growth. It is also well adapted- 
to soils of low fertility, and often produces satisfactory yields 
for several seasons without lime or fertilizer ireatmeait^^ One 
of the most unfa\i>rahle characteristics of the crop is its low 
palatability. This has generally been attributed to the rela- 
tively high content of tannins or tannic acid (3, 10). The 
tannin content of sericea leaves is generally 6 to S^/o as 
compared to less than 2% for alfalfa at the hay stage. Tannin 
contents up to ISf/- have been reported for sericea leaves 
where plants were at advanced stages of maturity (2). 

Observations by experiment station personnel and farm- 
ers have indicated that cattle grazed sericea more readily 
where lime and/or fertilizers had been applied even where 
yield responses to such treatments were not apparent. Most 

^ Contribution frtuii the Department of Agronomy and Soils, 
Alabama Agr. Exp, Sta. of the Alabama Polytechnic Institute, 
Auburn, Ala. Approved for release by the Director. Received for 
publication Sept 17, 1954. 

® Associate Soil Chemist, 


reports of this nature have stressed the beneficial effects of 
lime and in some cu.ses potash. 

If it i.s assumed that tannin aftects palatabiiity^ and if lime 
and fertilizers cause the crop to be grazed more readily, 
one is led to .speailate as to whether there is a soil fertility- 
tannin relationship. Results reported from the Georgia Ex- 
periment Station (4) indicated that sericea fertilized with a 
complete fertilizer and lime contained less tannin than that 
receiving no fertilizer. Work was started in 1950 to study 
thef effect of soil treatments on the tannin content of sericea. 
Five field fertility experiments already in progress on .five 
different soil types were utilized in this study. In addition, 
a greenhouse experiment was .set up with a wider range 
of fertilizer treatments than was present in the field 
experiments, 

MATERIALS AND METHODS 

The five field experiments were located on Kalmia, Bi>sweU and 
Greenville fine sandy loams, Appling sandy loam, and Decatur 
clay loam. Soils utilized in the field experiments were low^ in 
fertility and typical of soils used for sericea production in the 
respective soil areas. The experimental design employed was a 
randomized block with three replications. Treatments included 
phosphorus rates of 50, 100, and 150 pounds of PaO.-, per acre; 
potash rates of 60, 120, and 240 pounds of KsO per acre; and 
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Base treainaent was 100 }3>. P«0r 


>Base treainjent was 00 }3>. P^O,, 120 lb. K/), and 2,000 lb. lime per acre, applied as 1S% superphosphate, 60% 
. stone, respectively. When one element was varied, the others were applied at the same base rate, 
t Samples from the first cutting consisted of leaves and stems. All subsequent samples included leaves’ cnlv. 


muriate of potash, and dolomitic lime- 


iimc rates of none and 1 ton of dolomitic limestone per acre. 
Ail treatments except lime were applied annually. Each plot was 
1/400 acre in size. Sericea was seeded on all plots in the spring 
of 1947. The first samples for tannin analysis were taken in 1950, 

A greenhouse fertility experiment with sericea was also started 
in the spring of 1950. A Norfolk loamy sand of very low fer- 
tility was placed in 2-gal Ion pots. The experimental design was 
the same as. for the field exi>ertments except that four replications 
were used. Treatments included rates of phosphorus of 0, 60, 120, 
and 180 pounds of PaO.-. per acre; potash rates of 0, 60, 120, 
and 240 pounds of KaO per acre; lime rates of 0, 1 ton, 2 tons, 
and 4 tons per acre; and nitrogen rates of 0 and 60 pounds of N 
per acre, All treatments except lime were applied annually. 
Sericea was planted in March 1950. Because of an infestation of 
scale insects during the fall of 1950, all pots had to be reseeded 
in the spring of 1951. In subsequent years these insects were 
controlled by the use of parathion. Scale insects axe not a prob- 
lem on sericea grown under field conditions. 

Plant samples were taken for tannin analysis when the plants 
were 12 to 15 inches high (recommended stage to cut for hay). 
Since other workers (2, 6) had showm that the tannin content 
of sericea increased with advancing maturity, care wa.s taken to 
get ail samples at as nearly the same stage of maturity as pos- 
sible. Early in the study, it was found that the occurrence of mold 
in samples or drying at high temperatures apparently caused a 
breakdown in tannin so that the results of analysis were low, 
Tlierefore, it was necessary to dry samples soon after cutting, 
holding the temperature at approximately 50® C. For the first 
cutting on which data are reported, the sample consisted of stems 
and leaves. Based on reports (2) that the tannin content of 
sericeii stems is low’ and quite constant as compared to that of 
the leaves, it was concluded that leaf analysis would offer a 
better measure of any variations that might occur due to treat- 
ments. Thus, leaves were separated from stems and only the leaves 
were analyzed after the first samplings of both field and green- 
house experiments. At the time samples were weighed for analysis, 
samples were also taken for moisture determinations. Moisture 
samples were dried at 90® C, and the percentage of tannin was 
calculated on the basis of samples dried at that temperature. 

Tannin was extracted from the plant material by refluxing 1 gm. 
of finely-ground (40-mesh) material with 250 ml. of distilled 
water for 1 hour. Determinations were then made by the proce- 
dure described by Rosenblatt and Peluso (5). These authors have 
showm good agreement between this method and the A.O.A.C. 
volumetric method ( 1 ) for determining the tannin content of 
wdne and whiskey. Valaer (9), reporting on the same method, 
stated that the tannin in wdne was generally considered to be 
exclusively of catechol type. Clark, Frey, and Hyland (2) stated 
that tannin in sericea belonged to the catechol class, as shown 
by the fact that it gives an olive-green color with iron-alum solu- 
tion and a precipitate wdth bromine w^ater, and it is completely 
precipitated by formaldehyde in the presence of hydrochloric acid. 


Rosenblatt and Pduso (5) have further pointed out that main 
methods in use measure constituents besides tannin, whereas meth- 
ods based on the use of phospluitungslic-planpljomtdybtlic conn 
pounds (Foiin-Dennis reagent in this case) ate specific fur. and; 
give a blue color only in the presence of oxy-phenyi groups, such 
as are prccsent in tannins. 

RESULTS AND DISGOSSiON 

F/eld expemm^its . — ^Thc tannin cnotenr of sericea growai 
on five soil types with various fertilizer and linie treatments 
is shown in tables 1 and 2. A signiikant diffcTcnce in tannin 
content due to soil treatment occurred in otily one case dur- 
ing samplings over a 2-year period. In that one instance, 
the sericea receiving 150 pounds of lUO. per acre was sig- 
nificantly lower than that of the 50-pound rate. This occurretl 
in tlic first 1950 cutting on the Boswell soil (table 1). As 
mentioned earlier, plant samples from the first cutting in 
1950 included both stems and leases. This accounts for 
the fact that tannin analyses of the iirst cutting were gener- 
ally lower than tho.se of .subsequent samplings. 

It should be pointed out that yield records for all loca- 
tions during 1930 and 1951 did not show any response 
in plant growth above the first increments of phiisphorus 
and potash. Neither was there any resj’^onse obt.iined from 
lime, although the original soil pH was 5.3 for the Kalniia 
and Appling soils, 5.5 for Greenville and Boswell soils, 
and 5.7 for the Decatur soil. 

Grvenlmnsa c.Y/;mk/e;i/.“The tannin content: of .sericea 
grown on Norfolk soil in the greenhouse is given m lalsle .L 
Significant differences tKcurred only for the second culling 
in 1951 and for the iir.st and second cutting.s in 1952. Tiie 
major difference appeared in the iir.st 1952 cutting between 
the 0- and 60-pound rates of K.O ( table 3). The tannin 
content of sericea from the no-potash treatment was signifi- 
cantly higher than that of samples from pots where potasli 
had been added. It is believed that this dilieren.ee can best 
be explained on the basis of the yield data gicen in table 4. 
During the first 2 years of cropping, the soil furnished .suffi- 
cient potash for near maximum growth and plants appearcs! 
normal. By 1952 the plani.s on the no-poiash pot.s were 
severely stunted. Plant leaves showed severe deliutn^y symp- 
toms, and .some shedding of leaves occurred, '.rhus, the high 


Table L — ^Percentage of tannin in sericea as affected by .soil treatment on five st)il ty|>e.s-*-- i9Su. 


Soil treatment* 
Pounds per acre 


50 lb, P 20 s. 
100 lb, PaOs- 
150 lb. PoO 0- 

601b, K 2 O. 
120 lb. 

240 lb. K 2 O. 


First cutting t 


Kalmia 

Green- 

ville 

Bo.swell 

3.50 

5.18 

5.41 

4.11 

5,09 

5.30 

4.73 

4.58 

5.09 

4.18 

5.13 

5.07 

4.11 

5.09 

5.30 

4.15 

4.97 

5.47 

3.15 

1 4.98 

6.43 

4.11 

:’’d5.09;; 

5.30 

N.S. 1 


0.25 


Appling 


Decatur 


Kalmia 


Green' 

ville 


Second cutting 



Boswell Appling | Decatur 


5 . 25 
5.49 
5 . 16 


5.73 

5.49 

5.50 


5.91 

5.49 

N.S. 


Effect of phosphorus 


3.89 

4.40 

3,86 


8. '22 
8.52 
8,26 


6.96 

6.98 

6.74 


Effect of potash 


4.18 

4.40 

3,87 


8.51 

8.52 
8,36 


Effect of lime 


4.60 

4.40 

N.S, 


8.61 

.■8.52'; 

NS. 


6.70 

6.98 

7,28 


6.91 

6.98 

N.S. 


6.00 

6.66 

4IM 


4.44 

6.66 

6.60 


7.67 

6.66 

N.S. 


6.53 

6.79 

6.59 


6.67 

6.79 

6.87 


7.02 

6.79 


7.15 

7.14 

6.60 


7.17 

7.14 

6.98 


7.06 

7.14 

N.S. 


85 





WILSON: B^VECV OF SOIL TREATMENTS ON TANNIN CONTENT OF LESPEDE2A SERICEA 


Table 2.*— Perceotage of tannin in serkea as affected by soil treatment on Eve soil types-— 1951. 


, 

Boil treatment* , 

Foumk per acre 

First cutting 

Second cutting 

Kalmia 

Green- 

ville 

Boswell 

Appling 

■ 

Decatur 

Kalmia 

Green- 

ville 

Boswell 

Appling 

Decatur 





I 

Effect of f 

Oiosphorus 




50 lb. P ijO a - 

. 7.52 

5.44 

7.21 

6.90 

7.21 

7,66 

7.35 

10.82 

8.41 

7.48 

100 lb. .P nO 5 ,. 

7.17 

6.80 

6.81 

6.54 

6.95 

7.85 

7.52 

9.55 

7,99 

7,78 

150 lb. F 2O 5 

7.84 

6.14 

6.98 

7.16 

7.12 

6.68 

7.73 

9.47 

8.87 

7.85 






Effect of potash 





60 ib. K iO : ■ ■ 

7.58 

6.66 

6.79 

7.44 

7.82 

7.03 

7.85 

8.78 

8.85 

7.22 

120 lb. K->0 

7.17 

6.30 

6.81 

6,54 

6.95 

7.35 

(7.52' 

9.55 

7.99 

7.73 

240 Ib. K 

7.64 

6.12 

7.17 

6.99 

7.58 

7.12 

7.61 

9.92 

8.24: 

7.46 






Effect of lime 





No lime- ; 

7.27 

6.97 

7.74 i 

7.97 

7.10 

7.33 

8.18 

8.93 

8.50 i 

7.54 

2000,1b. lime....,- 

7.17 

1 

6,30 

6.81 

6.54 

6,95 

7.35 

7.52 

9 . 55 

7.99 1 

7.73 

L.S.,D. (0.05,1. 

N.S. ■ 

N.S. 

N.S. : 

N.S. 

N.S. 

N.S. 

N.S. 

N.S. : 

' N.S. 

N.S. 


" KK) Hk 1\IL, 120 Hj. KJ.), and 2,000 lb. linii! per acre, applied as 18% superpbosphate, 60% niuriute of potash, , and dolomitic lime* 

stone, rr~ptii:!ivel 5 ’. W lieu one oleineut was trailed, the ethers were applied at the same liase rate. 





Table 3. — Percentage tannin in sericea as affected by soil treatments on Norfolk loamy sand (Greenhouse). 


Soil treatment* 

Foiimis per at're 

1950 


1951 



1952 


First 

(.’Utting* 

Second 

cutting 

First 

cutting 

Second 

cutting 

Third 

cutting 

First 

cutting 

■ 

Second 

cutting 

Third 

cutting 

N 0 P 2 O;, 

4.87 

5.89 

.... — ,, 

7,69 

Effect of f 
7.68 

jhosphoru.H 

7.26 

: 8.25 

7.73 

5.67 

60 lb. FA);,,,.. 

4 . 87 

5.90 

7.52 

7.37 

7.09 

7.53 

6.58 

5.44 

120 1b. PA);. :... 

5.22 

6.04 

7,65 

6.26 

6.59 

7.33 

7.23 

5 , 50 

:IB0 lb. P,0;. ..:.A 

5.07 

6.15 

6.94 

6.10 

6.18 

6.98 

6.68 

4.88 

No K-D,...-. 

-5.24 

6.47 

■ 7 . 54 : 

Effect 0 
6.68 

; potash 
7.01 

10.25 

8.98 

,5.43 

.60 Ib, KnO 

5.11 

6.18 

7.74 

5.86 

6.31 

7.24 

7.53 

5.56 

120 lb, K,OT-., 

5.07 

6.15 

6.94 

1 6.10 

1 6.18 

6.98 

6.68 

4.88 

240 lb. K;A3 

■ 5.27 

6.33 

6.55 

1 7.32 

1 6.28 

6.87 

; 6.54 

4.86 

No lime 

^ 4.82 

5.44 

7.08 

Effect 

6,41 

of lime 

6.30 

7.07 

6.92 

5.16 

2,000 Ib. lime 

5.07 

6.15 

6.94 

6.10 

! 6.18 

6.98 

i 6.68 

4.88 

4,000 Jb. lime : : ,3.., 

4.80 

5,68 

7.60 

6.39 

6.30 

6.87 

: 6.80 

4.94 

8,000 ib. lime:,'. 

■ 4 '.84 

6.00 

7.49 

6.55 

i : 6.63 

6.66 

^ 6.75 

5.15 

No N.„., 

5.07 

■'6.15 : 

6.94 

Effect of 
6,10 

nitrogen 

6.18 

' 6.98: ■ 1 

6.68 

4,88 

60 lb. N...,.,. 

4.66 

V 5.92 : 

6.66 i 

:-7.54' 

6.76 

6.99 

6*50 

: ■ ■5.,04 

■''L,S.D. (0.05) - 

■ N.S. : 

N.S. 


0.66 

N.S. 

. 1.221' 

0.78 

N.s. 


Base treatment was 100 lb. PJL,, 120 lb. K^O, and 2,000 lb. lime per acre, applied as 18% .superphosphate, 60% muriate nf poiash. and dolomilic lime* 
stone, respectively. When one element was varied, the others were applied at the same base rate. 

t Samples from the first cutting? in 1950 consisted of leavtfs and stems. All subsequent samples included leaves only. 


tannin content seemed to be associated with the stunted, 
unthrifty condition of the plants. 

It will also be noted that the 1951. yield from the 
no-phosphorus treatment was very low (table 4). As men- 
tioned earlier, sericea was reseeded on all pots in 1951. 
Plants on the no-phosphorus treatment showed very poor 
growth at the first cutting in 1951, but growth was almost 
as good as that of the 60-pound rate of Pj,Og at the second 
and third cuttings. Although growth w^as slow on the no- 
phosphorus treatment In 1951 causing low total yield, plants 
maintained a normal color and did not show marked defi- 
ciency symptoms as was true of those on the no-potash 
treatment. The tannin content of the first cutting from the 


no-phosphorus treatment 'was the same as that of samplings 
from the 120-pound rate of P^Og (table 3). Yields without 
phosphorus w^ere about the same in 1952 as for 1950 (table 
4). Thus, after the root system was developed on the new 
seeding in 1951, sericea was apparently able to obtain con- 
siderable phosphorus from a soil very low in available 
Soil analysis at the end of the 1952 growing season showed 
31 pounds of dilute acid-soluble P^O^ per acre where phos- 
phorus had not been added as compared to 80 pounds per 
acre for the 60-paund rate of PaO^. 

Throughout the greenhouse experiments, no significant dif- 
ference in tannin content was indicated due to lime (table 
3). The addition of nitrogen caused a significant increase 
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iii tannin in one cutting out of eight. It is also interesting 
to note tliat there was less growth response to the \arious 
rates of lime and nitrogen than was true for phospiiorus and 
potash. The pH of the original soil was 6.2, 

From the results of 2 years’ .study on 1 held experiments 
and 3 years’ study on a greenhouse experiment, it appears 
that soil treatments of fertiliser and lime ha\e very little effect 
on the tannin or tannic acid content of scricea, except in 
cases where nutrients are limited to the extent that extreme 
deficiency symptoms occur in the plants. In such cases the 
tannin content tends to be increased. It is conceivable that 
any other growth factor, such as moisture, might be limited 
to the point where the same effect would be produced. 

Other factors, such as stage of gro^^'th (2, 6) and heredity 
(7) probably have a greater effect on the tannin content of 
sericea than Jo soil treatments. Stitt, e/ a/. (8) also reported 
that the tannin content of sericca varied with soil types, 
but the sajne report pointed out that such climatic fac- 
tors as moisture, temperature, and light intensity may also 
influence the tannin present. From tables 1 and 2, it will 
be noted that there appear to be differences between soil types. 
Howev-er, since the experimental areas were rather widely 
separated geographically and subject to wuying climatic fac- 
tors, it is doubtful that any apparent differences could defi- 
nitely be attributed to soil differences. For that reason the 
data reported in this paper have not been analyzed statisti- 
cally for differences between soil types. It is interesting that 
the results obtained from the Kalmia and Decatur soils are 
very similar for most cuttings. The Kalmia soil located at 
Brewton, Ala., is a fine sanely loam, while the Decatur soil 
at Alexandria, Ala., is a heavy clay loam. Since these soils 
differ greatly in physical and chemical properties, one is 
led to suspect that other factors exerted more influence on 
tannin content than did soil types. 

SUMMARY 

Five held exj.'ieriments representing hve soil types and a 
greenhouse experiment on one soil type were conducted to 
determine the effect of rates of fertilizers and lime on the 
tannin content of sericea. 

The only major difference measured was a decrease in 
tannin in plants getting at the rate of 60 pounds per 
acre as compared to those without K^. This difference was 
obtained on a Norfolk loamy sand in greenhouse pots, anti 
it occurred ja the third crop year after plants were showing 
extreme deSciency symptoms and yields were severely reduced 
on the no-potash treatment. 

It is concluded that mineral fertilizers and lime have little 
if any effect on the tannin content of sericea, except in cases 
where nutrients are limited to the point that plant growth 
is severely inhibited. It appears that wliere a nutrient defi- 
cienty does limit growth of sericea, the tmnin content may 
be significantly increased. 


XiiMe 4. — Annual yields of sericea from greenhouse experiment, 


Soil treatment, 
pounds per acre 


Grams tlry matter per pot^ 
1950' j mi' I 1952 
Effect |>hosphoriLs 


NoP,0;.. .. 

18.8 

' j ,8. 8 i 

16.2 

aoib.p.O;,.- 

20.7 

i 14 JL 1 

19.6 

120 1b. P,0;>. . 

21.5 

i 22.1 1 

26.0 

180 1b. P,0.* 

24.0 

!■ 19.8 i 

1 4 

Effect of potash 

,27 . 1 

No K ,0 

'22.1 

1 * 

5.8 

60 1b. K,0 

22.0 

i 28.2 ! . , 

25.5 

120 lb, K ,0 . . - . 

24.0 

: 1 19,8 1 

27.1 

240 lb. K ,0 .. 

21.4 

! - ■ . ] *> 7 ’ 

Effect of lime 

19.1 

No lime„ - _ 

19.8 

1 19.8 i 

24.4 

2000 lb, iime.- 

24.0 

\ ,19.8 . 'j 

27.1 

4000 ih. lime.- . 

■ 22.2 

I ■ 1,9.6 ! 

18. 1 

8000 ib. lime. 

!!."!!’ 20 ] 9 

I :I8.1 ! 

1 i , 

Eff«H‘t of nitntgoB 

26.5 

No N . . . . 

24.0 

1 19.8' i 

27 . 1 

60 ib. N. . 

24,2. 

j 18.0 j 

26.9 

L.S.D, (0.05 

N.S. 

I 4,6 1 

8.2 


® All yields are tetal for three eiittincs iiiiadr r.H h year, 

Although there appeared to ht' dilfereiue'. in the Luinin 
content of serkea fnHn diffe-rcnl soil types in the licld experi- 
ments, it is doubtful that this can he atlrihuted to soil dif- 
ferences since clinutic factors such as nufisture. temperatun, , 
and light intensity could not be controlled, 
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College Teaching in the Field of Agronomy^ 

Louis AL Thompson- 


T HLRL arc approximately 200 stalf raenibers who are 
primarily engaged in teaching agronomy in the land 
grant ■colleges and, universities in this country. There are 
many more than this number who do some teacliing in addi- 
tion to research. In tlie past, it has been passible "to recruit 
teachers in agronomy from among graduate students to take 
care oi repiaccment needs, yet considerable correspondence 
takes ■ place between department heads each year before 
teaching positions arc finally filled by competent men who 
are interested in tcacliing. For the next 7 years, and perhaps 
longer, the prcthlem of securing personnel for both replace- 
meats aiKl expansion will persist By 196t) tlie agronomy 
teaching hiail will be increased by about io percent. 

There areoipproximately BOO graduate students (not count- 
ing full-time siaif members taking graduate work) in this 
country. Less tlian 10% of these students hiive indicated 
an interest in a position that is primarily teaching. This 
number of men interested in teaching will just about take 
care of replacement needs as these students complete their 
graduate work. Interest: in teaching must be increased if 
colleges arc U> expand their teaching program and fill teacii- 
ing positii)ns with 

The luk interest in teaching on the part of the gradu- 
ate stUilents is due largely to greater recognitioiv of research 
men on a national level Research men have the opportu- 
nity become known through publishing research papers 
and by personal appearance in Society meetings. This advan- 
tage to a research man is voiced so frequently among gradu- 
ate students that many potential teachers turn to research 
for fear of a dead-end road in teaching. There is a general 
feeling among graduate students that the opportunities in 
research greatly exceed those in teaching, particularly from 
the standpoint of income, A survey made during the present 
fiscal year, (1934) however, shows that teachers are doing 
better than is generally realized. 

Top Salaries Paid to Research Men and Teachers 

I'here is a iliffeivace in top salaries |\ud to research men 
and teachers, Init nia so grcMt as frequently expressed. There 
are 33 departments uhich have men devoting more than 
half time to teaching cm a 12-nionth basis. In three of the.se 
dcparlnienls the top salary is paid to a teacher. In six depart- 
ments, the top salaries are the same for research men and 
teaciiers. Twenty-six of the departments are paying higher 
salaries to (Iieir top research men than to their top teachers. 
The a^'erage of the top salaries paid to research men in these 
35 departments is $7,602. The average of the top salaries 
paid to teachers in these same departments is $7,045. 

In 15 departments there is no one who devotes more 
than half-time to teaching. Tlie average of the top salaries 
in these departments is $7,829. 

^ Journal paper Ntc J-2708 of the Iowa Exp. Sta., Ames, 
low'a. 

The data in this report were obtained by questionnaires which 
were sent to all Department Heads in the held t)f Agronomy in 
the Land Grant Colleges and Universitie^s and to the Office of 
Education, U. S. Department of Health, Education and Welfare. 
Rec, for publication March 1, 1954, 

" Professor of Soils, Iowa State College. 


Table 1. — ^Top salaries paid on a 12-month basis in 55 depart- 
ments (excluding department heads) and top .salaries of 
research men compared to top salaries of teachers 
in 35 departments. 


Range 

Top 
salaries 
in 55 
depart- 
ments 

Comparison of 
top .salaries in 
: 85 departments 

Research 

men 

Teachens 

11,000-12,000 

o 

0 

1 

10.000-11 ; 000 

1 

0 

0 

9;OOOH.O.OOO. 

5 

4 

0 

8,000- 9,000... 

18 

8 

5 

7,000- 8,000 - 

IS 

14 

14 

6,000- 7,000 

IF 

5 ■ ' 

8 

5,000- 6,000 

5 

4 . i 

6 

4,000- 5,000 . 

0 

0 i 

1 


Only 5 departments have their top teachers on a 9*month 
basis. The average of the salaries paid to the top teacher 
in these departments is $5,836 with a range from $4,500 
to $7,500. The average of the top salaries paid to research 
men (12-month basis, how^ever) in these live departments 

is. $8,208. : 'V ' 

Table 1 shows the distribution of top salaries paid to 
research men and teachers. There were 55 responding depart- 
ments but only 35 with men teaching more than half time 
on a 12-month basis. 

Three department heads explained that the lower sal- 
aries paid to their top teachers than to their top research 
men are due to difference in age, tenure and academic rank. 

The value of research men is greatly influenced by their 
ability to teach. Most research men do some class-room teach- 
ing, and all are called on to speak to groups at one time 
or another. The most valuable men, and consequently tlie 
highest paid men, are those who are good in research and 
good in teaching. 

Opportunities for Instructorships 

For those who are interested in teacliing as a primary duty, 
the instriictorship offers excellent opportunities. The average 
salary of the instructor compares favorably with starting sal- 
aries of cl'her college graduates. The instructor can earn a 
Ph.D. while on the job. He is credited with full-time expe- 
rience while doing graduate wex'k, and he has the added 
advantage of establishing a reputation by the time he receives 
the Ph.D. degree. During the past 5 years, the highest offers 
to men graduating with the Ph.D. from Iowa State College 
have been to young men who served as instructors while 
earning the degree. 

The average of the starting salaries of the instructor on a 
9-month basis is $3,543 with a range of $2,200 to $4,500 
in 23 departments. Only one department is paying less than 
$3,000 and five departments are paying more than $4,000 
on a nine-month basis. Fourteen departments reported that 
they employ instructors on a 12 -month basis. Tlie average 
starting salary is $3,937 with a range from $3,000 to $4,900. 

The encouraging feature is that college instructorships 
promise considerable advancement for good men. On a 12- 
month basis, the average of the salaries of the highest paid 


, ^ 



87 , 



teachers is about S0<yc higher than the average of the are willing to bid for them, and pay as much 
starting salaries paid to instructors. as lor fop research men. 1 his is a good ti end. 

That tevithing is a dead^ml road is a setioii^ 

General Comments It is true that sWne teachers never altain high acad^^^^ 

Many department heads recogni2€ the fact that the pres- This is wdiat the pessimist sees, but thea^ptiniisl calls atten- 

tige of their departments is as greatly affected by good teach- tion to the large number of college presidents, tjcans and 

ing as by good research. The student opinion, over a period department heads who distinguished themselves as teachers, 

of years, greatly affects the reputation of a department, par- These successful men gained by their teaching experience, 

ticmlarly at tlie state level, and the opinion is determined They maintain that the necessity of getting along with 

largely by contacts with teachers because undergraduate stu- students, the practice in communicating ideas, and the expCTi- 

dents have little contact wdth research. More and more depart- ence in standing before an audience was die best training 

meat heads are recogni 2 ing the need for good teachers and that a college administrator could ask lor. 


A Karyological Survey of Several Bromus Species' 

F. L. Barnett- 





W ITH growing interest in interspecific hybridisation as 
a possible means of improving forage aops, the need 
for karyological information on wfild relatives of cultivated 
species is becoming increasingly apparent. In any interspe- 
cific hybridization program a logical crossing arrangement 
and a sound karyologioil analysis of the Fj^ require informa- 
tion on chromosome number and meiotic behavior of the 
parent species. Chromosome morphology of the parent spe- 
cies might also be valuable information. This study, involv- 
ing species of the sections Bromium, Bromopsis, Geratochloa, 
and Eubromus in the genus Bromus, was carried out to facili- 
tate and systematize intetsSpecific hybridization at the U. S. 
Regional Pasture Research Laboratory. 

LITERATURE REVIEW 

Chromosome number for species of Bromus has been reported 
by several workers (2, 3, 6, 9, 11). According to available litera- 
ture the species constitute a eiiploid series extending from diploid 
{2n 14) to 12-pIoid (2n = 84). Stebbins (12) reported even 

higher complements for certain artificial allopolyploids. Darlington 
and Janaki-Ammai (1) have summarized reports of chromosome 
numbers for more than 50 species of Bromus. 

The meiotic behaviors of several Bromus .species have been 
investigated (2, 3, 4, 9, 11, 12). With few exceptions the 
diploid, tetraploid, and hexaploid species have been found to 
exhibit regular meiosis with complete, or nearly complete, bivalent 
chromosome pairing. Regular meiotic behavior has also been re- 
ported for the octopioid B. cannot us and the 12-ploid B. amonktis. 
On the other hand, the octopioid and decaploid species of Bro- 
mopsis have been described as exhibiting frequencies of univalents 
and multivalents at cliakinesis and varying degrees of irregularity 
in later meiotic stages. 

^ Gontribution No. 136 of the U. S. Regional Pasture Research 
Laboratory, Field Crops Research Branch, ARS, USDA, State Col- 
lege, Pennsylvania, in cooperation with the twelve Northeastern 
States. Authorized for publication on Aug. 9, 1954 as paper No. 
1893 in the Journal Series of the Pennsylvania Agricultural Experi- 
ment Station. This paper is a condensation of a thesis submitted in 
partial fulfillment of the requirements for the M.S. degree at 
The Pennsylvania State University. The writer is indebted to Dr. 
A. A. Hanson, who suggested the problem and provided guidance 
■ during the early stages of the work and to Drs. H, L. Otrnahan 
and Helen D. Hill for advice, and critical reading of the manu- 
script. Dr. J. R. Swallen, Smithsonian Institution kindly assisted 
Jn the taxonomic identification of many of the plant materials. 
Ree. for publication Sept. 20, 1954, 


. Literature on chromosome niorphidtigy of Bromus ' species is 
limited, Stebbins and Love ( 13) repented siniiiar ihiTuimsorne 
size and morphology for the Bromopsis' diplr^itk:' B,: 

B. hmnpes, and B. TlH^ karyotype c)f Ji rjihiafus has: 

been described as possessing seven large atuL . 11 , ■ meditniosized 
pairs of thromosomes (14). 

y ■ : ■ ' ■ 

Plant materials u.sed in the present stucly are listed in table 1. 
The so-called' B. e rectus aberrants ' 'consisted of fmir 'g,foups of 
plants which were closely similar to, but not ivlentkal with, 
B. erectiis Huds. Two of these groups Avcix’ obtai ned from Por- 
tugal, a third originated in Canada, and the f4.>urt!i u^as acquired 
through the SoiL Conservation Service. There was scmie doubt 
concerning the taxonomic statu.s of the material listed as B. haer-: 

■ medhis Guss, It was .received; as, iB. sewerztimy) and 

later red assified as ''probahly'* belonging tx\ B, imermedius. 

During the fall and winter of 1952-53 all materials were grown 
in the greenhouse, and root tip and anther collections were obtained 
from tlHau. The greenliouse temperature was thermostat ir ally con- 
trolled at iip|m>ximately 7.T'V F. during the tlay am! WF F. at 
night. Artificial lighting from 1:00 a. m, to 2:00 a.m. provddevl 
the equivalent of a long-day photoperiod. 

Chromosome counts were niade on all species. Detemiinatiun*, 
were based primarily on rocit-tip smears, but were substantiated 
in most cases by examinations of anther material, Antlier srne.irs 
of att materials pro\nklcxr^i^^ on: 

(1) Nature of chromosome pairing at diakinesis or nieta- 
.' phase. I, '. 

(2) Nature and frequency of irregiilaritks at anaphase I. 

(3) Frequency of quartet micnmuclei. 

Both root-tip and anther preparations were examinet! for con- 
spicuous features of chromosome morphology. It should be 
empha.sized, horvever, that this phase of the study was not 
explored in great detail, but tended to be incidental to the inves- 
tigations on chromosome number and meiotic behavior. 

Root-tip smears were prepared according to the Hanson-Okk- 
meyer (5) technique which involves fixing in acetocarmine and 
subsequent smearing in the same material. Where interpretation 
proved exceptionally difficult the root tips were placed in a satu- 
rated solution of paradichiorobenzene lor 2 to 3 hours before 
fixation. The purpose of this modification was to shorten, the 
chromosornes and thus facilitate interpretatkin of the figures (10). 
Suitable slides were made semi-permanent by sealing with paraffin 
and gum mastic or with fingernail polish. 

lo obtain material for meiotic examination, entire panicles {or 
in some cases parts of panicles), collected at the appropriate 
stage of^ maturity, were fixed in a solution of one part glacial 
acetic acid and three parts absolute alcohol. For prolongeci preset- 
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vation the matenal was lett in the fixing solution, and placed 

in .a. cold room maintained at approximately 0'^ C. The anthers 
were, ^uhset^uentiy dissected <.jut of the florets, and' smeared in 
aalocarmine acairding to the McClintock method ( 7 ), 

EX.PimM,£NTAL RESULTS ' ' 

ChroMosmm numbers, as as- 

certained from examinations of available plants, are given 
in the second column of table 1. Observed complements 
ranged f rom diploid to 12-pioid, Three of the four groups 
of B, trecifis aberrants were found tO’ be decaploids, ,(2n zr 
70). The iourth, one oi tlie lots obtained from Portugal, 
proved to be a 12-plakl (2n z:: 84) . ■ ^ 

' Mehik ' Observations on the meiotic behavior 

of the various species are summarised in table 1. Ail diploid 
s|xc'ies, i.e, £i B. gra^jidk, B, japonkus, B, laei’ipes, 

B, warnkn/a,- B, sepparm,. and B. teciormu mt, nmlm, 
exhibiteil regular meioscs. Their chromosomes paired bival- 
enllys and incgularities at anaphase I and the epartefc stage 
were rare. In tine case of B. fapirnkus and B. scopdrius d\m- 
mosome pairitig studied at metaphase I rather than 
diakinesis. Tiie imi\alcnts reported for tliese species occurred 
in cells W’hjcli wci\' approaching anaphase I, and appeared 
to have arisen from nonnaliy-dividing bivalents. A slight 
deviation from the bivalent type of pairing occurred in 
B, dmmdlus in which a single cel! appeared to possess one 
univalent, live hivaknts, and three in\ lients. 

The ietniploids, B, a/ kim, B. fromlf)\/h, B. mtermedmk 
and B. nmiih were relariveiy reguLu in meiotk: behavior. 
ThriMiiosonie pairing was almost completc'ly bivalent in these 


four species. A single pollen mother cell of B. mtmnedkis 
exhibited an apparent c|uadrivaient, and in B, frondos^^^^^^ two 
cells show^ed two univalents. The chromosomes of B. 
medm and Bk frondosm possessed considerable stickiness, 
and were frequently clumped. This clumping tendency, which 
often resulted in close associations of bi\^alents, was sugges- 
tive of multivalency, and caused difficulty in the interpre- 
tation of figures. 

The fifth tetraploid, B, tomcdUeUiiSf exliibited 

quadrivalents at diakinesis. Pairing was pr<^ominantly 
bivalent, but most cells showed at least one quadrivalent 
Trivaleiits and univalents were not observed. The species 
exliibited little irregularity at anaphase I, and the frequency 
of quartet micronuclci was rather low. 

The hexaploids B. cathdrUcus and B. haenkeanus w^ere reg- 
ular throughout meiosis. Chromosome pairing, as observed 
at diakinesis, was entirely bivalent. Anaphase 1 irregularities 
were rare in both species, and no epartet microniiclei 
were observed. Limited data on the hexaploid B. vddivknm 
indicated complete bivalent chromosome pairing. 

The higher polyploids of Bromopsis, i.e. B, inermls^ B. 
pmnpeUknus, and the B, erect m aberrants, exhibited marked 
meiotic irregularity. Chromosome climiping and stickiness, 
together with diffiailty cansecjuent to large numbers of chro- 
mosomes, made it practically impossible to obtain detailed 
information on, chromosome pairing at diakinesis. The pair- 
ing relationships exhibited by B, B. pmnpelUam/s, 

and the 70-chromosome aberrants of B. however, 

niay be described qualitatively as fcdkws: 


Table 1. — Chromosome numbers and meiotic behavior. 





Diakinesis or Metaphase I 


Anaphase I 

Quartets ^ ^ ^ ^ ^ ^ 

Section and species 

2n 

No. 

of 

P.M.C. 

Mean No. per P.M.C, of 

No. 

of 

P.M.C . 

Mean No. per 
P.M.C.of 

No. of 
quar- 
tets 

Mean No. 
of 

micronuciei 
per quartet 


■ 

Univ. ; 

Biv. 

Triv. 

Quad. 

Laggards 

Bridges 

Section Bromium 

H. 

'28 

'99 

0 

13,91 

0 

0.05 

in 

0.23 

0.03 

200 

0.10 

B. kpiduf'u>i Thunb. . . 

14: 

m 

0.22 

6.88 

0 

0 

181 

0,06 

0.04 

202* 

0.08* 

B. 

28 

.25' 

0 

14.00 

0 

0 

158 

0.18 

0.07 

142 

0.02 

B. !.. . 

. 14 

24 

0.52 

6.74 

0 

0 

33 

0.21 

0 

8* 

0.12* 

Section Br<mn>psis 

B. (niiiffHdMs itupr. 

14’' 

,''.^20'^ 

0.02 

6,94 

0.02 

0 

116 

0.15 

0.07 



B. riiifdiiti L. 

28 ' 

59 

0 

14.00 

0 

0 

268 

0.09 

0.02 

200 

0.04 

B. mrUh^ llnds. 

70 

. 


■ 

— 

' 

294 

0.56 

0.01 

595 

1.18 ^ 

iaberrantsi 

84 



. ' 

— 


70 

3.18 

0.01 

166 


B. fnmdosns iSla-ari 
Wool, and Standi. 

l28' 

!' 

0,05 

13.97 

0 

0 

398 

0.10 

0.13 

500 

0.15 

B. (pnndt.s (Hht*ar) 
Hiiclic 

,14 

■’,.40 : 

0 

7.00 

0 

0 

200 

0.04 

0,01 

200 

0.02 

B. Ltwss 

'■ 56 

1 ■■ 

■ 

■ 

— 

— 

343 

0.77 

0.03 

582 

1.01 

B. IneripeH vShcat^ 

B. oreuitianun VaHt\v. 

14 

: 40 

0 

7.00 

0 

0 

200 : 

0.04 

0.07 

200 

0.02 

14 


" .:0 ■■:;■ 

7.00 

0 

0 

95 i 

0.05 

0.03 

100 

0.10 

B. pn7Nptilitmui< 1 

'.Scribn, 

'm. 






: 

100 : 

’-2'.’67'’'^' j 

0.02 

100 

0.67 

B. [(mmUidhes Boiss. 

28 

.'40';';., 


;i2.15'';,’ 

7'^ ■'i 

0.92 

200 ; 

0.06 

0 

200 

0.12 

Section Ceratochloa ; 

B. mthartieuii Vaitl * 

'427 

\kym.y.'^ 


;■ 2i.OO';'' ; 

0 

0 

17 

0,12 

0 

39 

0 

B. haenkmuih^ fPrcBl.) 

. ■ ..'Kunth, 


49^'': 


■’:^21.00 ;'■■ 

0 

0 

20 

0,05 

. 0,05 

18 

0 

B, valdivianuH^ i 

42'''' 


■;\77.0'..':,;7.. 

>21n 00 

0 

0 

— 


: 

— 



Section Eubromus j 

B. tcctorum var. ttudiia \ 
U;VKletL:iuid,'' Rich 


32 

7::::0 

■•7.00''. 1 

|:''■''"^;:'^;7■'■■ I 

0 

0 

21 

0.05 

0.14 

88 

0.03 


^ Micronuciei counts w{‘re obtained from the microscope rather than the quartet stage. Data have been placed on a quartet basis. 




5>0 


AGRONOMY JOURNAL 



~ — 1 ^ ‘ 

mitotic divisions in Bromus species (magnification approximately 70 Ox). (A) Diakinesis of B. irwidutut showint 
^ f^R ^ Somatic metaphases of B. grandis and B. anomalus, respectively, showing satellite-beiirmg chromosomes 
(D) Diakmesis of 3. menms with univalents and multivalents ; (E) Diakinesis of i5 i ' i 

. va ant; (F) Diakinesis of cHmus showing 14 bivalents; (G) Dlaki“S J 

valent configuration; (H) Giant diakinesis cell of 84-chrDiTiosome aberrant of B. erectus- fi) Somatic 

' rX&nfi. 


There w^ere fairiy high frequencies of univalents 
and multivalents although more than half of the 
diromosomes were usually paired as bivalents. 

(2) Quadrivalents were the predominant class of multi- 
valents.- . . 

(5) Occasional octavalents were the largest configura- 
tions observed. 

As indicated in table 1, the three species exhibited high 
frequencies of laggards at anaphase I. These consisted largely 
of univalents which in many cases were dividing. Numer- 
ous quartet micronuciei supported evidence of irregularity at 
diakinesis arid anaphase L 

Inter- plant differences w^ere apparent in B. mermis and 
the B: erectm aberrants. Some plants exhibited almost com- 
plete bivalent pairing, and were relatively regular in later 
meiotic stages. Others showed high frequencies of univalents 
and multivalents at diakinesis, marked irregularity at anaphase 
I, and high frequencies of quartet micronuciei. 

Meiotic preparations of the 12-ploid B. em7//j- aberrant 
were of particular interest. Diakinesis cells w^ere difficult to 
lind, and the few observed were generally so confusing that 
interpretation was impossible. A 'single floret yield ed"^ giant 
diakinesis cells of the type showm in figure 1, H. The chro- 
mosomes in these cells w^ere sticky, and tended to clump. 
There appeared to be both univalents and multivaients 


although a large proportion of the chromosomes were paired 
as bivalents. There seemed to be more than 101) cliromo- 
Asomes in these ceils although root- tip preparalitHis of the 
same plant indicated a coniplemem oi* Hi iJirtanosomes. 
Figures of anaphase I and the quartet stage were i>btaintd 
from other florets of the same plant, and sliowed no marked 
size deviation from comparable cells of the oilier B, vreei/i^ 
aberrants. Anaphase I cells exhibited extreme iiregufarity 
with lagging univalents accounting lur Jiiost of the abnor- 
maiity. The frequency of 1.74 micrDnuclei [ler quartet was 
in accord with evidence of irregularity at diakinesis and 
anaphase I. 

ebrm/osome morpholo^^y .-^ — Chmmosome satellites were 
observed in somatic cells oi' a number of the species. A single 
pair of satellite-bearing chromosomes was ohserved in eacli 
of the diploids: B, dnonmlns, B; gmcAh'. B. LhTjjh\s, and 
B. orcuttmnm and in the tetraploid B, hilernhd}^^, I'wo pairs 
of such chromosomes were observeti in st.unafic cells of 
B. jmndosns. Small bodies vvliich resembled saullius hut 
could not be definitely identified as sudi were olsservesi in 
somatic cells of B. ifimeniellux, B. and tlie iSd-dm)- 

mosome aberrant of B. erectm. The sate! has were generally 
inconspicuous, being clearly disc ernible in ikuiMoaal cells 
only. 

Chromosome-size differences seemed k> exist bi4h vvitlun 
and among certain species. Hach of ihe tclraploids, B. fromhh 
sm and B, mlermeilhn appeared io possess a mixture of long 
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amr short chroiiK>soni<*x Within the section Bromopsis the 
species B. grami/s. II iaevil/es, . B. oraHikm/s, B, dlmtnSf 
and B. jrmdoxm, seemed to ha\'e larger chromosonies than 
Be ammmmy B. B. hmmix, BkpmnpidlkHuS) 

:tod the i>. * ivCiV/.i aberrants. Root-tip preparations suggested 
that the chmmoHomes of B. valdhhmus' longer than 
those of B. and B. hdenkeaiUis, but anther smears 

failed to confirm these apparent differences. 


DISCUSSION 


With a ieu' cxceptiiins the observed chroniosome numbers 
are in agreement witli previous reports. B. mtermedim, tt- 
ported by Avdiikn’ (1) to possess 14 chromosomes, was 
ibiind to be a ietraploid with 2n r: 28. It should be recalled, 


however, that there was some doubt concerning the species 
identit}' of the material eKamiiied in the present study. The 


compleinent . of li chronucsomes observed for B. dnomalus 
substantiates tlie liniiings oi 'lilliot-(3), but is at variance with 
anearlicr report of 2iLr: 28 by Nielsen and Hmnphrey (11). 
B. aluiui. observed as' 2n rr: 28, has been reported as pos- 
sessing 14 (I, 2)., -28 (2, 3),. and 56. chromosomes (11). 
I'he coinple.nient’ of' :V6’ chromosomes obser\^ed for B. wermis 
IS the number most commonly reported for that species (I, 2, 
3, 6) althouglt there are, also, reports of 28 (4,. 8), 42 (I, 
11), and TP C 11). THl count of 2n rr 56 for B. pampeB 
lianus is supporfcii hy previous findings of ElliDt (2, 3), 
!hu dom not agree with a count il’ 2n = 42 reported by 
Nahlin (I). Tlie iomplements of 70 and 84 chromosomes 
itbserved fur the B. aberrants can scarcely be con- 

sidered as agreeing or disagreeing with previous reports since 
these materials were not identical with B. erecUis. B. erectHs 
Huds. has been rcp4>r{ed as possessing 42 (1), 56 (2), and 
'^O chromosomes (3). The present report is apparently the 
first on chroniosiime numbers for the following species: 
B, frondos^is (2n zz 2^') , B. scop'mm :{2n zz 14), B, fonien- 
lelius (In dz: 28), B, ieiiomm \u,.}Uidiid' {2n zz 14), and 
B'-m!divhmm {In zz'42). 

Scarcity of muliicalents in ietraploid and hexaploid species 
is an interesting feature. With the exception of B. tomentellm 
all tetraploiih and hexaploids exhibit complete (or nearly 
complete) bivalent chrt>mosome pairing. According to avail- 
able literature, B. i^diUditlhis is as yet the only Bromus tetra- 
pk>id tlescrihed as exhibiting a definite frequency of qiiadri- 
■ valents. . ■ 

Complete hi\alent jxiiring in a polyploid is generally con- 
sidered to be indicative of allopolyploid origin. The occur- 
rence of chromosome-length differences in B. frondosus mii 
B, mtvYniediHs is suggestive of aliopolypioidy. B. cathaYt'icus 
and B. haenl^eauus have been shown to be allopolyploids 
.■(12)..., 

Comjslete bivalent pairing cannot be taken as conclusive 
evidence of allopolyploidy nor can the occurrence of quadri- 
valents Ix^ accepted as final proof of autopoiyploidy. Chromo- 
some pairing in polyploids is affected by chiasma freqiienq^ 
and chromosome length as well as chromosome homology. 
Selection toward a bivalent, and hence a more regular, type 
of meiosis may have occurred in many autopolypioids. On 
the other hand, heterozygous reciprocal translocations could 
account for quadrivalents in B. iomentellus. 

In view of the passing attention given to chromosome 
morphology, the apparent differences in chromosome size 


®The species B. lectarum was previously reported as 2n = 14 
(1). The variety nudns, however, is reported here for the Erst 
time, ’ - 


should be considered with reservation. In tiie absence of 
actual measurements the magnitude and constancy of these 
differences are not known. Apparent chromosome size may 
be inffuenced by fixation and staining reactions, the posi- 
tion of the chromosome in the cell, and possibly by slight 
variations in stage of cell division. 


SUMMARY 


A kaiyological survey of several Bromus species w'as car- 
ried out to facilitate an interspecific hybridization study. 
Included in the survey were representatives of the sections, 
Bromiiim, Bromopsis, Ceratochloa, and Eiibromiis. Features 
involved in the study were chromosome numbers, meiotic 
behavior, and, to a lesser extent, chromosome morphology. 

Chromosome complenients reported apparently for the 
first time were: B. jrondosus (2n zz 28), B. scoparhis (2n 
zz 14), B. tomenlellm {2i\ n 28), B. lectoriini nmlm 
(2n zz 14), and B. Viddivmdus (2n zz 42). Aberrant forms 
of B. erect us possessed complements of 70 and 84 chromo- 
somes. A complement of 2n zz 56 was observed for 
B. mermh. 

W^ith the exception of B. tonmUellus all diploid, tetraploid, 
and hexaploid species showed complete (or nevirly complete) 
bivalent chromosome pairing, B. iomeutellus exhibited a vari- 
able frequency of cjuadrivalents, Octoploid and decaploid 
species exhibited variable frequencies of univalents and multi - 
valents. Quadrivalents were the predominating class of miilti- 
valents in these higher polyploids. 

Chromosome stickiness was observed in diakinesis cells 
of a number of species. This feature was especially notable 
in the higher polyploids of Bromopsis. 

Chromosome satellites were observed in soiiiatic cells of 
a nimiber of species. Apparent differences in chromosome 
length, both within and among certain species, were noted. 
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Relationship Between Stand and Yield in Alfalfa Variety Comparisons 


T, S. Roiimngeti and A. G. Hess- 


AS NEW varieties of alfalfa are released, critical infornia- 
tion on their relative performance over a state or region 
is desirable within a relatively short time. To accomplish 
this most satisfactorily, tests are established in as many ioca.- 
tions as can be handled efficiently, and careful measurements 
or observations of important characters are made. 

In Maryland, most farmers require an alfalfa variety which 
will persist and yield satisfactorily o%'er three haiwest-years 
or longer. Replicated variety trials have been established in 
recent years in various locations in the state from which 
yield samples have been taken to differentiate among vari- 
eties wdth respect to yield and persistanee. In addition, obser- 
\atiDnal notes were taken on other important diaracters. The 
number of such locations were limited beciuse of the amounts 
of labor and time required. Preliminary observations sug- 
gested a strong relationship, especially in the third harvest- 
year, between yield and number of surviving plants per unit 
of area: The object of this study was to determine the close- 
ness of such a relationship at several locations. If yield and 
stand counts varied together closely, varietal differences in 
yield and persistence could be estimated relatively by stand 
counts. Thus, in addition to data from trials established for 
actual yield comparisons, information on new alfalfa vari- 
eties or advanced strains could be obtained from many more 
areas of the state in a reiativdy short time. If vSuch auxiliary 
plantings were a part of farmers’ alfalfa fields, all opera- 
tions of cutting and removing of hay could be done by the 
farmer. 

Previous workers have reported on the relationship of stand 
counts or estimates to productivity or persistence of alfalfa. 
Hanson and Allison^ found highly significant differences in 
reduction of stands among a number of alfalfa strains grown 
in rows in North Carolina. Kramer and Davis^ found that 

^Contribution No. 2575 of the Maryland Agr. Exp. Sta. Depart- 
ment of Agronomy. Rec. for publication Oct 2, 1954. 

^ Associate Professor and Former Graduate Student, Department 
of Agronomy, University of Maryland. 

® Hanson, Clarence H., and Allison, J. Lewis. Studies o the 
nature and occurrence of stand depletion in alfalfa strains in North 
Carolina. Agron. Jour. 43:375-379. 1951. 

^Kramer, H. H„ and Davis, R. L. The effect of stand and 
moisture content on computed yields of alfalfa, Agron. Tour. 4l: 
470-473. 1949- 


the number of 6- inch gaps in drill-seeded rows were nega- 
tively correlated with yields in the first 2 years from seed- 
ings of a regional uniform alfalfa nursery. Tlie relationship 
was strongest in the first harvest-year. X^'ilfard’"* working wfith 
alfalfa and sweet clo\--er in Ohio found no^ significant corre- 
lations between stand counts and yields. Older stands w^'ere 
not considered separately from younger stands in this study, 

MATERIALS AND METHODS 

Alfalfa variety tests were established as pure stands in 
eastern, northeastern, and centra! Maryland and with smooth 
bromegrass in northwestern Maryland in the Lih,' siunmer of 
■ 1948. Broadcast seedings *were made in 6- h}' 2n*foot plots 
replicated 4 times in a^ratKlomim! coniplete Ifiowk design. 
Tiie . varieties and .strains ■ induded were Williamshurg., . Buf * 
falo, Kansas Common, Atlantic, Ranger, Gfirnm, A .225, 
A 224 and a strain developed and growm at approximately 
39^ S. Latitude in Argentina. Yields vvere obtained by har- 
vesting a 3-foot strip from the center of e.uh plot after 
the ends of the plot had been remmed. Dry matte*- samples 
were used to ct^rred: for differcikes in moistore conlciit. 
Botanical estimates, occasionally checked Iw hand st parations, 
were used in correcting ' yfields, to tons of thtr a..lfalfa com- 
ponent at 12% moisture per acre. 

Stand counts ^ were made in' September 1950', following' the 
second harvest-year and again in October 1951. Counts were 
made within a steel hoop circumscribing an area of 1.4 
' square.feet at,' 3 separate locations in each plot. Counts Avere 
made also in April and July 1951, but tlK>se coiiols, which 
were intermediate in their/ correlation .with yields, are not- 
included in the data. 

Stand counts made in September wwv not curia. 

Iaf;ed significantly with yields of that year as may be notcil 
in table 1. Howe\‘er, correlations of stanii toum^ made in 
October 1951 with third-year yieULs were highly slgnifiuint. 
for the most part. Whether xarklal deferences werc analy/xd 

Willard, C. J. The a^rrdation between stand and yiekl ot 
alfalfa and sweetdover. Jour. Agr. Res. 43:461-46*1 193 }. 


Table 1,— Correlations of September 1950 stand counts with 1950 yields of 9 alfalfa varieties and October 1951 stand counts 
with 1951 yields and F values obtained from an analysis of variance of varietal differences 
based on stand counts and yields separately. 


Location 


I |l|iK A' I- c...'U '.i f -c '/l „ ■ 

^ H < Central Maryland 

P ''^1 J ' I 


+0.424 

+0.548 

+0,611 

+0.566 


F Values 


+0.541 

+0.744* 

+0.833** 

+0.901** 


Stand counts 

.:/^'/.''N,Sc^:;''+" 

5>75*,*//:/ 

10 . 50 ** 

6 . 10 ** 


6.66** 
10 . 01 ** 
15,18** ^ 
' 30 vis**'. 



93 


HILL H'r AL.: FATE OF SUBSTITUTED UREA HERBICIDES IN SOILS 


on the basis of yields or stand .counts' the F values were 
c|iiite sinilLir at each location. 

Tl'ie closeness of iiie relationship between stand counts 
and yields in the third year is illustrated graphically in %- 
iU‘e' i/whidi portrays the p^arietal averages for the four’ trials. 
The relative standing oi A 224 was not the same on the 
basis of yieids and stand counts. However, the lower rela- 
tion of A 224: on tile basis of stand counts was closer to 
relative yield perloriviance of this strain in more recent tests. 
The more spreading growlh habit of plants of A 224 may 
have been partly rcspoiiMhlt tor the low relationship of stand 
and yield of that \arieiy. In these tests, varieties' did not. 
differ signiticantly in lirst-year yields at any of the locations. 
Significant differences in yield of the varieties was obtained 
at all but the eastern iMaryland location in 1930. Yield dif- 
ferences were most nrarked in the third harvest-year. 

DiSCUSSION AND CONCLUSIONS' 

The daL't seem to emp'lKisize the need of ■ carrying on ■ 
some alfalfa v.iridy l.usis where yields are measured directly. 
Hi>wcver, tlu..' auxiliary value of stand counts for determin- 
ing relati\’e performance of alfalfa wiricties seems well estab- 
lisi'ied for MaryLmd conditions. On the basis of these results 
live to ten replicated variety tests on which harvests will 
not be made haw or are being established at widely differ- 
ing local ill Maryland. These are located in farmers’ 
fields. Ol’iSiivaiitinal notes on important characters will be 
taken from time to fame, and stand counts at the end of 
the third harw-st-year will be made to serve as an indirect 
check on varietal differences in yield and persistence. Repli- 
cated variety tests at three to tive locations in which har- 
vests are made will be continued. The establishment of such 
variety tests as a corollary to the standard alfalfa variety 
testing program will have the following advantages when 
funds for testing are somewhat limited: (1) Test results 
may be obtained from a greater number and diversity of 
test locations in . a restricted period of ' time. (2 ) Possible 



variety X iQc'ation iateraccions may be more readily detected, 
(3) \ku4etal differences can be demonstrated at more loca- 
tions, and superior variettes can be advertised more effec- 
tively. (4) The cost of establishment and maintenance of 
the aiixiliary tests would be very small. 


The Fate of Substituted Urea Herbicides in Agricultural Soils 

'G. D, Hill, I, W* McGahen, He M, Baker, -D. .W./Fmnerty,. C/W, 'Biiigeman-'' ; 


TN CONNEaiON with the use of 3-(^chlorophenyI)-l, 
■A l -dimethylurea’^ and 3- (3#4-dichlorophen}d)- 1,1 -dimethyl- 
urea'* for controlling weeds in crops, the question of herbi- 
cidal residues in soils must be answered. This is especially 
pertinent since these materials are noted for their long-term 
herbiddal effects when used at '4sterilant" rates, usually above 
20 pounds per acre. 

^ Contribution from GrusselU Chemicals Department, Expeximen- 
ta! Station, E. L du Pont de Nemours & Co,, Inc., Wilmington, 
Dela, Rec. for publication Dec. 6, 1954. Complete publication 
cost paid by the du Pont Co. 

^The assistance of M. B. Weed, A, W. Welch, J. R. Haun, 
V. L, Turner. B. L. Richards, Jr. and V. J. Fisher is gratefully 
acknowledged, 

^ Currently marketed under the trademarks ’‘Karmex” W Herbi- 
cide and *'Karmex’' DL Herbicide, respectively. 


Chemical and biological studies to determine the fate 
of these substituted urea herbicides in agricultural soils in 
the eastern half of the United States are described a^s outlined: 

1. Studies on the rate of disappearance of the two com- 
pounds from various soil types after repeated annual appli- 
cations of 1 to 2 pounds per acre; 

(aj Field and greenhouse tests in which cover crops 
were grown as indicator plants on several repre- 
sentative soil types treated 4 to 6 months earlier; 
(b) Chemical analyses of soil samples taken periodically 
from plots established on four soil types at four 
locations in the country. 

2. Studies relating to the mechanisms by which these 
herbicides are decomposed or inactivated in soil: 







and ccmcentrations are expressed en 


REVIEW OF LITERATURE 


A review of the literature shows that only a limited nufnber 
of experiments have been conducted to follow the rate of dis- 
appearance of the urea herbicides in agricultural soils. 

Loustalot ei td, (3) concluded from laboratory studies in Puerto 
Rico that disappearance of 3-(p-chlorophenyl)-l,l-dimethylufea 
from the .soil is dependent to a large extent on prevailing environ- 
mental conditions such as temperature, soil moisture, soil texture 
and other factors. They reported that a 5'pound per acre rate of 

3- (p-chiorophenyl)-l,l-dimethyiurea, when applied on a fertile 
sandy loam that was stored at lO'-’ C. and a moisture level suit- 
able for planting, was toxic to corn and velvet beans for ten 
weeks. A ^similar rate on soil samples stored at room tempera- 
ture or 45° C. was non-toxic to velvet beans within 2 weeks and 
to com within 10 weeks. 

When samples of a fertile loamy soil were treated with a 5'pound 
per acre ^rate, 2 weeks, 4 weeks, and 10 weeks were reejuired for 
phytotoxicity to disappear at 36, 20, and 11% moisturei, respec- 
tively, It was found that a 1 -pound rate, using velvet beans and 
sweet corn as indicator plants, was dissipated within 2 weeks after 
application at all moisture levels. 

Ogled using crabgrass as an indicator plant, concluded that a 

4- pound per acre rate of 3-(p-chlorophenyi)-l,l-dimethylurea was 
inactivated m muck soil after 12 weeks at 46° F., and after SVa 
weeks at 96° F.^ Little or no loss of herbicida! activity was noted 
m a sand or a silt loam over a 12-w'eek period at similar tempera- 
tures. 

Danielson and Easley (2) found that a 5-pound per acre rate of 
3-(^-chIorophenyI)-l.l-dimethylurea worked into a 5-mch layer of 
sandy loam soil was non-toxic to sweet corn and snap beans after 
3 months with 11.5 inches of rainfall 

' Ogle, Robert E. Activity and fate of herbicides applied to soils. 
-Furciue University doctoral thesis, 1953. 


METHODS AND RESULTS 


Determination of Residual Concentrations of Herbicides 
by Growth of Indicator Crop.s 

One of the most obvious and practical rnetluids tor the determi- 
nation of residual a<.tivity of herhiudes in soil is tin gnn’s.tli 
and evaluation (»f inditator crops in treated areas. 

In the spring of 1952 held experiments were initiated to niea.suix 
the residual activity of both 3'(/»'ChhHophcnvi 1. 1 -dimethyl urea 
and 3'(3,4-dichlorophenyi)-I,l-dimethy!ure,i when a|‘'plied at pre- 
emergence rates of 1 and 2 pounds per .icre, ' Tests were established 
on Leon-Immokalee sand at Paima Sola. Fla.; Cecil huimy .sand 
at Raleigh, N. C; and KeypiUt silt loam at Newark, Del 1‘hese 
plots were retreateei in the spring of 1 95 3 wirli bote* herhiiidtA 
at I and 2 pounds per acre. At Raleigh, C., oats uere soun as 
a cover crop in 1 952 and in 1953, each time approximately i 
months after the herbicides sc ere applied. In the vase of the 
tests at Palma Sola, Fla., and Newark, Del, soil samples were 
removed at 0 to 4, 4 to 8, ami 8 tet 12-inch depths from tin 
treated plots (1952) and the retreated plots ( 1952 .md 1953) everv 
4 months over a 24-month pericul taktn int(» the greenhouse, 
and planted to oats. 

Subsequent observations of the cover crops at each d tlie abc*ve 
locations indicated that the concentration ot both ^4fnq‘*ourh!s w.is 
reduced to innocutais levels in the.se soils, 'l.ihh- j synimarizes the- 
results obtained in the hioassay c4" Kcv-porl silt foam at Newark. 
Del These rfvSuIts are essentially identical vith tin- lesuits obtaim-vt 
at the otlier two locations. 

In the spring of 1953 a gn}wer-i4»operati)r pri^graju involving 
72 geographical locations was undertaken t<t evaluate tlie use (‘f 
substituted urea iierbicides as a pre-emergenu! tieatine!it on lOtton 
at rates of 1.2 tct 1.6 pounds. At 4 ti> 6 mtmths alter treatntent. 
the growth of cover crerps atid winter annual weeds at 37 of tlu'Sit 
locations was observed, I'lie crops and wec'tK were unaffected Iw 
the earlier herbiudal treatments. Cover crops inchuied vetch, sweet 
clover, crimson clover, barley, rye, winter wiieat, and cu'nter oats, 
The remaining 35 legations had been plowed or disked and CiiuKi 
not be evaluated. 


Relationship between Rate of Disappearance of Herbi- 
cides and Possible Accumulation with Continued Use 


(a) volatilization, 

(b) leaching, 

(c) chemical decomposition, and 

(d) biological degradation. 

Results from these studies indicate that when these herbi- 
cides are used annually for weed control in crops at rate.s 
of 1 to 2 pounds per acre, piiytotoxic concentrations dis- 
appear from the soil within 4 to 8 months after applica- 
tion under the humid conditions prevalent in the eastern 
half of the United States. Annual applications .result in no 
accumulation of practical significance. With annual appli- 
cations of 4 pounds per acre, a somewhat longer time is 
required for disappearance than with lower, rates. Under 
tire same conditions as above, it has been found tliat a 
4-pound per acre application is reduced to innocuous levels 
in cultivated soils 12 to 16 months after initial application. 
When tolerant crops such a.s asparagus are to be followed 
by crops which are more .sensitive to the substituted ureas, 
the minimum amount of herbicide neces.sary for adequate 
weed control should be applied. When considerably higher 
amounts, 20 to 60 pounds per acre, are applied for ‘’steril- 
ant” use on noncultivated soils, a phytotoxic concentratioa 
often remains in the soil for 2^1 to 36 months. 

Based on laboratory investigations, the disapj^earance of 
these herbicides from cultivated soil appears to be due pri- 
marily to biological degradation, although other factors such 
as leaching, voiatilization, and chemical decompo.sition may 
play a part under certain conditions. The longer time required 
for the disappearance of these herbicides in non- cult i\^ated 
soils may be attributed in part to the lower level of microbial 
activity encountered in area.s which are bare of vegetation 
and not aerated by tillage. 


When a chemical is applied to the soil year after year, 
the following considerations indicate that there should bw 
no continuous accumulation or build-up provided a substan- 
tial fraction of the material disappears fi'oni the soil each 
year. 

In the general ca.se, where a fraction (,X ) of ihv material 
remains in the soil each year and where (A) is the applica 
tion rate each year: 

After one year, the re.sidue (R) is AX; then (A) 
pounds per acre is applicth 

'■ ■ After,. two ■ years, R ' r: (A + ' AX VX;' — ■ A'X:- +' AXN 
■ ■■ After ^.(n): years, R.=7;AX;-f AX- . i. ,AX»^' where 
(R) is the residue at the end of the year just 
prior to the next annual application. This equation 
can be transformed to: 

^ AX(i->-X») 

By the use of the general formula above, ilie pos.sible cumu- 
lative level of any chemical, when applied at the r.ite of 
one unit per acre per year for a gie'cn niuuber of ycar.s, 
has been calculated and depicted graphically in figure 1, 
Illustrating with a typical example, it is assumed tlut 
1 pound per acre (A) of a chemical is applied in the sprine; 
of each year for 3 years and that 90>:/h of the material dis- 
appears each year (X =: 0.10). The important question is, 
How much is going to remain if tiie original treatment 
of 1 pound is repeated year after year for 3 years?" 
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I Amount I 
Ypar i applied ! 

1952 1 pound i) 

1952 1 pimnd ! 0 

1954 ' 1 pound | 9 


Aniomit remaining at end of year 


1 pound 

0 1 4 0 . 1 pound ™ C) . 1 1 pound 

901 4 0 . 01 +0 . 1 pound =0.111 pound 


Hius. 3 pounds were applied in 3 years, but only 0.111 
pound remains at the end of the third year.' Figure 1 indi- 
cates that, if 1 pound per year is applied for 10 years, less 
than 0.12 pound should be. present- in the soil at the end 
of the tenth year and prior to reapplication. Further, if we 
assume that 755r> ot ■ iiie chemical disappears each year, 
the maximum amount that remains in the soil should never 
exceed one-third of tliC' amount applied in a single^ 
application. 

'I Tie data presented in table 2 represent results of field 
studies o\er a 2 -year period on the rate of disappearance 
of tlie substituted urea lierbicides. It is evident that the 
major ponion of the mat'erials is disappearing each year 
anti tbar tlicre is litlle need for concern over ‘*build-up” 
in tin. soil. 

The assumption,' stated above, that a certain fraction of 
the material disappears each yearp corresponds to a “first- 
order"’ iliili-rcntial ecjuation, that is, the rate of disappear- 
anco is |sroportional to the amount left in the soil: 

' -ih , 

— or k.x . 

, t iii , 


where x or amount ■ present , in soil at time . (f) , , and .(k) ; 
is a constant for any given soil and set of conditions. Inte- 
gration gives: 

■ iog -^ rr kt 

where (x^j) is the amount present where (t) = 0. 

In an example, a heavy application of 3’'(^<hlorophenyl)- 
1,1-dfmethyIarea was applied to an unclassified loam at 
MiiKjuadale, Del, and after various periods of time, sam- 
ples were taken to a depth of 12 inches and analyzed. All 
of the herliicidcs recovered was present in the upper 4 inches 
of soil. I'he original concentration in the upper 4-incIi layer 
was IB i^pm. (based on air-dried soil), which is the value 
for The values of x,,/x are calculated below. If the finst- 
order equation is applicable, 

' log (x^p x) _ ^ ■ 

~~t 

As shown by the cakiiJations below, the value of k is essen- 
tially constant over a five-fold fange of values of xt/x. This 
show's that the assurnption cm \vhkii the equation is based 
is .valid. 

While variable soil inolstiire and temperature conditions 
may often accelerate or retard the rate of removal, it is 
believed that on the average, the first-order equation is 
applicable under usual field conditions. 


■ . ■■■ 




Soil sampled after 

Herbicide 


k 

treatment 

remaining 

- x' ;■ 



X (as ppm.) 






0.079 



■.\.T:.70"T 

0.077 




0.084 



22 5 <13..;, 

0.071 



one unit per acre per year is applied. 


Determination of Residual Concentrations of Herbicides 
by Chemical Analyses 

The use of biological tests for determining the amount 
of herbicidal residues in soil as well as measuring any pos- 
sible “build-up” or cumulation is a practical but never- 
theless indirect method and should be complemented b)^ 
direct chemical analyses. By sensitive chemical analyses, it is 
possible to follow the rate of disappearance and thus detect 
any trends toward possible phytotoxic accumulations long 
before similar information could be obtained by biological, 
assays. Flowever, the importance of biological tests for deter- 
mining whether the residue is phytotoxic to succeeding crops 
should not be minimized. 

Ex permefi Li. ~-~-To measure the rate of disappearance of 3T/''" 
chlordphenyl ) - 1, l-dimethyliirea and 3 - ( 3cl - dichlorophenyl ) - 1,1- 
dimethykirea over a range of .soil types and weather conditions, 
plots were established in the spring of 1952 on Leon-Immokalee 
sand at Palma Sola, Fla.; Cedi loamy sand at Raleigh, N. C, ; 
Lintoaia silt loam at Essen Lane, La.; and Keyport silt loam at 
Newark, Del. A portion of each plot was retreated in the spring 
of 1953. Soil samples for chemical analyses were removed periodi- 
cally, every 4 months, at {) to 4, 4 to 8, and 8 to 12 -inch depths 
from both the treated (1952) and retreated (1952 and 1953) 
plots. In addition, several soil samples representative of a range 
of soil types were obtained for analysis from field plots treated with 
formulations of 3-(3,4-dichiofaphenyl)-Ll-dimethyIiirea and with 
isopropyl N-{3-chlorophenyI) -carbamate (3-CIPC) in 1953 by 
state investigators and by du Pont personnel. 

The analytical method as described by Bleidner e/ iiL (1) for 
3'(p-chiorophenyI)-l,l-dimethyIiirea with minor changes for 3- 
(3,4-dichiarophenyi)-l,l-dimethyIurea and isopropyl N-(3-chloro- 
phenyl) -carbamate was used for the chemical determination of 
residues in treated soils. This procedure includes the alkaline 
hydrolysis of 3- (p-chlorophenyl ) - 1 , 1 - dimethylurea or 3 -{ 3 , 4 - 
dichlorophenyI)-i,l-dimethylurea in treated soils to p-chloroaniiine 
Of 3A”dichloroamIine which is determined colorimetrically. Also, 
an untreated soil sample is analyzed for apparent /;-diioroaniline 
or apparent dichloroaniline content and net value for the treated 
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TabJe 1.— Response of oats grown in the greenhouse on samples of Keyport silt loam ((^4 inch depth) removed from the field 
after pre-emergence treatments with 3-(p-ehIorophenyl)-l,l-dinictfiyltirea 
and 3-(3,4-dichlorophenyl)-l,l-dimethylurea at Newark, l>el. 






Oats response 




Soil 

..... — 

- 




Date of 

sampled 


Weight p{*r plant expressed 

Treatment 

treatment 

after 

Injury rating* 

as percent of cheek 



treatment 

26 days 

— 






after planting 

green 

dry 

Ib./A 


months 


' % . ' 

% 

3-(;)-Chloropiienyi)-l-dimethylurea 



. 



1 

June 18, 1952 

4 

0.0 

— 

— ■ 

i-bit - - - ^ 

(June 18, 1952) 

4 

0.0 

87 

89 


(June 22, 1953) 

.8, 

0.0 

124 

■ 105 

9 

June 18, 1952 

4 

0.0 

^ : — 

— ■ 

2+2t^V„ 

(June 18, 1952) 

' 4 

2.0 

93 

80 


(June 22, 1953) 

S 

0.4 

126 

97 



1 ■. 12 

0.7 

115 

104 

S-(3,4'I>iehlorophenyi)~l,l-dimethyliirea 






1 ' 

June 18, 1952 

4' ■ 

0.0 

■ ■ 




: (June 18, 1952) 

4 

0.0 

106 

100 


; (June 22, 1953) 





' >2.-.....'-.^.-..:'-,...:'.'..?-^ ' 

June 18,1952 

4 

' 0,0 



J....' : 

(June IS, 1952) 

4 

1 ' 0,0 

i 

ss 1 

80 


(June 22, 1953) 

8 ' 

1 0.0 . 

■KiL> 1 

^ 1 

.109 


Plants rated on a 0-4 basis: 0 == no visible injury, 4 all plants dead. 

t Plots were treated at 1 or 2 pounds per acre, as designated, in Id52 and ret reatt'd in 195.v. Soil .samples were taken at 4^m-mili interviils alior flie 195S 
application. 


Table 2.— Disappearance (percent) of 3-(p-chIorophenyl)-l,l-dimethylurea and 3- (3,4-dichlorophenyl)- 1, 1 -dimethyiurea 

in various soils after repeated treatments. 




lil- 


I: 




Herbicide 

Soil 

Year 

Rate 

: iJisappearance' 
during 12 months 




ih.;A. 

■ f'7. 

. € 

3>(^j'-ChlorophenyI)»l,l-dimethylurea 

Lintonia silt loam, 

1952 

1 

84 ' 


Essen Lane, La. 

1952 and 195.1 

i-i-i 

' : ; 69*" 



1952 

2 

98 



1952 and 1953 

2 -h 2 


-Diehlorophenyl ) -1 , 1 -dimethyiurea , 

Lintonia silt loam, , 

1952 

■ 1 ■' ■ ' 



Essen .Lane, La. 

1952 and 1953 

1+1 

89* 

3-{7>-Chlorophenyl)-l,l-dimethylurea 

Cecil loamy sand, | 

'■■'l9o2"' .- 

1 

87 


Raleigh, N, C. j 

1952 and 1953 i 

1+1 

.. '91 



1952 

1 

■."y2 •' I 

89 



1952 and 1953 

2,-f 2. 

71 

3 “ (3 ,4-Di chlor opheny 1 ) -1 , 1 -dimethyiurea , „ « 

Cecil loamy sand, 

1952' 

1 ■: 



Raleigh, N. G* 

1952 and 1953 


80 

3- (p-Chlorophenyl) -1,1 -dimethyiurea 

Leon-Immokalee sand, 

^ ■.'l952^'' ' 

■ 1' - 



Palma Sola, Fla. 

1952 and 1953 


■,o + 

73 

3-(3,4-Dichlorophenyl)-l,l-dimethylurea_. ' 

Leon-Immokalee sand, 

1952 

l, ... 

I; 

'Si '% ■ 


Palma Sola, Fla. 

1952 and 1953 

1 ...y.; l.-f-.i' ' + 

' 87* 





Av. 83 


mOntbs. 


iiif 












aiKiWiisiiiiiiiiWfiasia 

wmmmmmmmmmmmmgmmmmmims 


SIIHIillifiii 








I- 



POUNDS PER ACRE 
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sample k determined by ditleresKe. All soils amtain some naturally- 
occiirrini; miiterials which ioferlere with the analysis. Since the 
aiiKHint of these iTMterials varies in different soils and* in a given 
soil, the hgufe rtoined by analysis of the untreated soil is not 
absolute. Hence, treated soils which analyze no more than an 
untreali'd check are ru>t reported its containing zero residue but 
as containing less than unedraif of the blank. This is believed 
to be the signihcant level of detection. The iigures represent the 
maximunt possible amount of herbicide present, since the method 
measures the presence of either cldoroanilines or materials which 
hydrolyze to chioroani fines. Thus, the method detects 3-(p*chloro. 
phenyl ) * L 1 -dimethyhirea and 3“ ( 5,4^dichlorophenyl ) -1, 1-dimethyb 
urea and any intermediate brcrakdown products which would hydtO’ 
Ivze to' the chloroanilioes. 


the results of cliemical analyses are 
depicteci graphiolly in iliis paper, a line denoting one-half 
of the blank for that particular soil is included. For all 
■practical piirfxyses, this line represents The average effective 
2 :eiY> line for that soil.. ; 

The results of chemical analyses of ■ soil 'Samples taken 
at -i, Sfund 12 months' after the original treatment and 4, 
8 and 12 montlis after retreatnient from plots which received 
1 a!id 2 pounds per acre* of >T/^-ehlorophenyi)“lT<iitnethyl^ 
urea t>r .v(3. i‘dRhlorDphen\d )»l,:l-diniethyliirea as a blanket 
application at Newark, Del; Raleigh, N. C; Palma Sola, 
Fla.. aUi! Ussco l.ane, l.a. arc given in figures 2 through 17. 


No samples were obtained at 12 months after retreatment at 
Newark, Del. and Essen Lane, La. Resu It. s from all loca- 
tions are presented for the 0 to 4 inch depth with the 
initial treatments (1952) and the 0 to 8 inch depth for 
the retreatments (1952 and 1953). The residue found after 
treatment w^as present in the 0 to 4 inch layer, with negli- 
gible amounts at 4 to 8 inches, and none in the 8 to 12 
indi layer. 

The data indicate that these compounds disappear from 
the soils at about the same rate. The residual portions were 
not present in phytotoxic concentrations, as manifested by 
the normal growth of oats planted at three of the locations 
involved. 


Results of analyses of soil samples from tests wuth 3-('3,4- 
dichlorophenyl)-l,l-diraethyIurea by state investigators and 
by du Pont personnel are recorded in tables 3, 4, and 5, 
lliese data follow the same general pattern in that the 
concentrations of 3 ** (3,4 - dichlorophenyl) - 1,1 - dimethylurea 
\vere reduced to relatively low levels after 4 months; In a 
comparison of the relative breakdown rates of 3-CIPC and 
3’-(354-dkblorophenyi)-l,l-dimethylurca (table 5), it was 
found that a 12-pound rate of 3-CIPC disappeared from the 
soil at the rate of 7 to 15% por month, while a 2-pound 


h ■a.B'.C'A, iN vm? . . 

U *■: IL^/A s'N'iSS;;. + Uai/A 

# Htypmroronmiiv to cover crop 

NO B'SOLOGSCAi, TEST : 


|ONE‘-MAl..P OP 
AVCRACE BLANK 




A»2U&./AaN 1992 
8«2L8./A. IN 1952 + 

2C0./A, IN 1953 
« NO PHYTOTGXICITY TO 
COVER CROP 

ffi SLIGHT PHYTOTOXICITY TO 
COVER CROP 
0 NO BIOLOGICAL TEST 


A * IL8. /A. IN 1952 
8 a (LB./A INI952 +• ILB./A. IN 1953 
* NO PHYTOTOXICITY TO COVER CROP 
© NO BIOLOGICAL TEST 


2 V 



ONE ‘HALF OF AVERAGE BLANK 


[ONE- HALF OF AVERAGE BLANK 


months after TREATWeNT 


months AFTER TREATMENT 


MONTHS AFTER TREATMENT 


Fif*. 2. C'huustif] ,Hialvsi.s *»!' Kiypurt silt 
Itiaiu affd rivatuifot with “••(/''■sblurt)' 
pi'iciivl ) » IJ ■ difiu rhvluua .it Xcw.irk, 
Dd/ 


I'lG. 3." - CliL'inical analyses of Ktyport silt 
luaru after treatment with 3- ( /^-t IilnrO” 
j^lienyl ) - 1 , 1 - diinethy lurea at N e wa r k , 
Dei. 


Fig. 4 .-“ -Cdienucal analyses of Keyport silt 
foam after treatment with 3*(3,4-dichIoi\v 
pheny l ) - 1 , 1 - dimethylurea at N e war k . 
Del.' 


. A « 2L0,/A.INI952 
! B » 2L8 /A, IN 1952 + 
i 2L8.M. 1N!953 


NO BIOLOGICAL TEST 


A = !LB / A IN 1952 

! B » !L8./A,»Ni952 + (LB. /A IN 1963 

I m NO PHYTOTOXICITV TO COVER CROP 
I 0 NO biological TEST 


A > 2La / A, IN 1952 
B « 2LB./A. IN 1952 + 2LB*/ A. IN 1953 
# NO PHYTOTOXICIT Y TO COVER CROP 
1 0 NO biological TE ST 

|X .L- . — ~ — — — _a' 


■■2.0% , X 



ONE -HALF OF AVERAGE. BLANK 



ONE- half of 
iAVERAGE BLANKNy .. 


|ONE>HAL F OF AVERA GE BLANK 


MONTHS AFTER TREATMENT 


MONTHS AFTER TREATMENT 


MONTHS AFTER TREATMENT 


Fio. 5. — Chemkai analyses of Keyport silt 
loam after treatment with 3*(3,4-dichlon> 
phenyl) - 1,1 -dimethylurea at Newark, 


Fig. 6. — Chemical analyses of Cecil loamy 
sand after treatment wdth 3-(/J-chIoro- 
phenyl) -1,1 -dimethylurea at Raleigh,, 
N. C 


Fig. 7. — Chemical analyses of Cecil loamy 
sand after treatment with 3-(p-chloro- 
phenyi) - 1,1 -dimethylurea at Raleigh, 
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Fig. 8. — Chemiciil analyses nf Cedi loamy 
sand after treatment with 3'(3,4-dichloro- 
phenyl ) * 1, 1 - ciiniethvlurea at R a 1 e i g h , 

■ N.X.' ■ . ' ■ ■■ 



Fig. 9.~ChemicaI analyses of Cecil hwmy 
sand after treatment with 5- (3, 4-dich loro- 
phenyl ) - LI “ dimethvhn'ea at R a 1 eigir, 

. N. C . 



FiG. li). Chemical .loalyscH of Leon--.In'i” 

mokalee sand after treatment with 
chloropheoy I ) ^ I . ! -ih methyl ure.i , at Palma 
.Seda, ' Fia. 



Fig. 11. — Chemical analyses cjf Leon-lm- 
mokalee sand after treatment with 3“(A' 
chloropheny 1 ) - L 1 -dimethylii rea at Palma 
Sola, Fla. 


ipl : . 






1;'.!'^.' 2-®' 

* 

A 

ILB. /A. IN 1952 





ICB./A.INISS? + ILB./A.1NI953 

I'l , 



'> ■ 

NO biological TEST 


9 ^ 

£ 1.0 


X 


t ONE-HALF OF ''n 

AVERAGE BLANK '«i*- ^ i 


^ . 8 . 52 

months after t-reatment 


^ Fig. 14. — Chemical analyses of Lintonia silt 
S. ' " . loam after treatment with 3-(p-chioro- 
; . ; ^ phep.yl)-l,l'dimethylurea at JBssen Lane, 




ILB /A IN 1952 \ 

)L8./A. INI95Z + IL8/A!NI95S 
NO PHYTOTOX I CtTY TO COVER CROP 
NO BIOLOGICAL TEST 




ONE-HALF OF AVERAGE BLAN'R'" 




MONTHS AFTER TREATMENT 


Fig. 12.™ -Chemical analyses of laMHi-lni- 
mokalee sand after treatment with 3«f3.4- 
dichloruphenyl ) - 1 , i - d i m e t h y 1 u r e a at 
Palma Sola, Fla. 



A . 2LB,/A. IN 1953 
R » 2LS./A. IN (9SS + 2Le./A, IN 1955 
Et NO BIOLOGICAL TEST 


ONE-HALF OF AVERAGE BLANK 



0.0 

■ . '0 ■.V- ..4V'' ■■ 'S.' ■ fg- 

months after treatment 


Fig, 15. — Chemical analyses of Lintonia silt 
loam after treatment with 3-(^-chlo.ro- 
phenyl)d,l-dlmethylurea at Essen lane,, 



Fig. 15.— Cliemical .analyses of Leon Im- 

mokalee sand after trccitment uitlr 3'(5.-L’ 
dichlnroplnnyl) - 1 J - d irru'thy 1 u rea at 
Palma Sola, ila. 


A « »LB, /A in 1952 
B » IL8./A SN1952 4- fL8./A,mi955 
V.' NO BIOLOGICAL TEST 



MONTHS AFTER TREATMENT 


Fig, 16.- -Chemical analvse.s of Lintonia silt 
bam after treatment with 3-{3,4-dichIor«- 
phenyl )d,l-dimethylurea at Essen Lane, 
La, 







HILL rr AL.: FAl’E OF SUBSTITUTED UREA HERBICIDES IN SOILS 


99 



Tabk* 3. Hesah?» thenHca! analysesi of soil samples (0 -I inch depth) after treatment with 3-(3,4-dichiorophenyl)-l,l-dimethylurea. 

State Investigator Cotton Program. 



Soil type 

Rate 

Soil 

sampled 

after 

treatment 

Net amount found 

Loss 

per 

month 




Ib./A. 

months 

ppm. 

Ib./A. 

% 

C'lenison Agr. College, 

Clemson, S. C. 

Lloyds clav loam 

1 

6 

<0,51 



' , 




2' 

6 

1.29 

0.78 

10.2 

Oklahoma A & AI G<dlege, Stillwater, Okla.. ' 

Yahloa fine sandy loam 

.1 

6 

^ <0.24 


V 


! 


' ' 2 

1 6 

0.80 

0.T8 

10,2 

AUssissippi State Cciilege, State College, Miss... 

Una clay loam 

1 

4 ‘ 

0.64 

0.60 

10.0 


1 


2 

4 

0.64 

0.45 

19.4 

North Carolina State < 

College, Raleigh, N. C. .. T 

Norfolk sandy loam 

1 

5.5 

<0.17 







9 

5.5 

0.34 

0.89 

14.6 

Delta Branch Exp. Stt 

L, Stemeviile, Miss.,...,, 

Bo.sket fine sandy loam 

1 

4 

0.28 

0.22 

19.5 




2 

4 

1.08 

0,90 

13.8 

West Tennessei* Exp. * 

Sta. , Jackson, Tenn..,, 

Lintonia silt loam 

1 

2 

0.61* 




Texas A & ,M CAdlege, 

tCollege Station, Tex.,,.' 

Miller day 

9 

5 

0.73* 




\}HOH3it psmi viff srunplo thus net ppnt, could n(Jt be aikulateiL 



l ahk* chemitai analyses of soil samples inch depth) at 4 months after treatment 

wiTh 3-(3s4-dkhIorophenyl)-l,l’*dimethyIurea. Cirovver-Cooperator Prc>gram. 


• i.,4>cation ■ 

Soils 

Rate 

Net amount found 

Loss 

per 

month 



Ib./A. 

ppm. 

lb. /A. 

% 

St, 'Joseph, La. , . . : - .. .. „ - 

Sandy loam 

1.7 

0,49 

0.41 

18.9 

Indiaiiola, Aliss, 

Sandy loam 

1.7 

1 20* 




Era, Tex, , , . .■■■ ' .. 

Clay 

1.6 

1 .03 

0.83 

12.2 

Sidon, Aliss. , ,. .. 

Sandy loam ! 

1.8 

<0.33 

<0.18 

— „ ■ 

Athens, Ga.,, , . ' ... . . - 

Cecil sandy loam 

1.6 

<0.50 

<0.24 

. 

Mira» La,. .... 

Sandy loam 

1.2 

<0.21 

<0.16 


Cedar Bluffs, Aiav ■ , , ■ 

Holstiin .sandy loam 

1.6 

0.92 

0.56 

16.3 

Seott, M,iss,„.', . 

Sandy loam 

1.3 

0.76* 


'■ 

Victoria, Tex. , 

Lake Charles day 

1,4 

0.67* 

— ' 



El Caimpo, Tex. , , 

Sandy loam 

1.6 

0.50 

0.13 

22.9 

Melville, La. , 

Sandy silt loam 

1.3 

0.41 

0,15 

22 !l 

Winnsboro, La, . . 

Pine sandy loam 

1.2 

<0,23 

, <0.15 , 

_ — 


Apl'iii'cnt mmi. no utatf-dcd ?;;unjdi‘s recrivrd. ihus net i>pru. could not be calculated. 


rate of 3- { 3cd-dic idoropheiiyl ) " k I -dimethylurca Jisappeared 
at llie rate of 4 to per month. Both compounds dis- 

appeared from die \arious soils at rates that appear lavor- 
able to repeated' jise, ■ 

Mechanisms Relating to Disappearance of Herbicides 
from Soils 

In general, herbicides may disappear from the soil by 
physical means such as volalilization and leaching, by chemi- 
cal means such as hydrolysis, oxidation, and photodcTompo- 
sition (ultra-violet irradiation), and by biological degrada- 
tion. .Experiments were initiated to evaluate the importance 
of these factors in the disappearance of substituted urea 
herbicides. 

VOLAHLIZATION 

At 25^' C., 3- (p-chlorophenyl)- 1,1 -dimethylurca, a typical 
member of this group of herbicides, has a vapor pressure of 


3 X 10 ' mm. Hg. in contrast to the isopropyl ester of 2,4-D 
with a vapior pressure of 10.3 X 10^*' mm. Hg. The substi- 
tuted urea herbicide is approximately 20,000 times less 
volatile. In view of this extremely low vapor pressure at 
otdinary temperatures, loss of tliis compound from the soil 
by volatili/sation is likely to be a minor factor under field 
conditions, where frequent rains would move the compound 
into the soil. Volatilization could be expected to be a sig- 
nificant factor in situations where the herbicide is applied 
to the surface of dry soil and remains on the surface for 
extended periods during hot, dry weather. 

Leaching 

Leaching through the soil and beyond the root zone might 
serve as an avenue for disappearance of an. herbicide. The 
amount of leaching in a soil depends on the solubility of 
the compound, distribution and intensity of rainfall, soil 
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Table 5. — ^Results of ehemical analyses of soil samples (0-4 inch depth) after treatment with 3''(5/f'didiItin>phimyi)”l,Udimethylijrea 

and isopropyLN-(3<ldor<>phenyl) -carbamate. 


! 



Soil type and location 

Treatment 

Rate 

Soil 

sampled 

after 

treatment 

Met ami)iint 

L<jss 

per 

month 



lb. /A. 

months 

ppm. 

lb, A. 

% 

Commerce silt loam, 







Chamberlain, La. - _ - - , - - - - .. 

3-(3,4-dichlorophenyI ) -1 , 1 -dimethylurea 

2 

..5 

0,80 

0 

1.3 . o 


3-CIPC— - 

12 

■ . , 5 

2.88 

2.44' 

1 5 . 9 

Commerce silt loam, 







Chamberlin, La..-^ _ \ 

3-( 3,4-dichloropheiiyl ) -1 , 1-dimethylurea 

2 

7 . 5 

O.'Sl'*' ■ 

' , 



3-CIPC- -- : 

12 

.. 7.5 

1.67* 

■ ■ ■ 


Cedi loamy sand, 







Raleigh, N. C.. . i 

3-(3,4-dichlorophenyl)-l, 1-dimethylurea 

2 - > 

9 i 

0.80 

1.27 

s 4.1 


3-CIPC-- - 

12 

^ \ 

U23 

2.04 

I 9.2 

Leon-Immokalee sand, 




■' 



Bradenton, Fla. _ - - - 

3-(3,4-dichlorophenyl ) -1 , 1-dimethylurea 

1 i 

10 , i 

<0.16 

<0.12 

^ ■ 8.8 



■2' 

10 1 

0.32 ' 

0.21- 

t 9.0 


3-GIPC - - 

12 ' 1 

10 I 

o.;m 

0.2! 

1 -9.8, 

Commerce silt loam, 







St. Joseph, La... ^ .. .. .. . - 

3-(3,4-diehlorophenyI)-l-l -dimethylurea i 

1 ; 

12 i 

<0.L5 i 

1 <0.17 

' 6.9 



2 

12 j 

|.<0.15 

! ■ <0.13 

1 7.8 


3-CIPC, , - , 

. 12', 1 

12 

1 0.25 ; 

■ 0.28 I 

8.1 

Lintonia silt loam, 





1 ■ 1 


Essen Lane, La. - - . 2 - - _ 

3- { 3 ,4“di chloropheny I )- 1 , 1 -dimethylurea 

9 

12 

i <0.34 1 

I <0,37 i 

■ ' 6.8' 


■3-C'IPC..--„ - 

T2 

12 

1 0.81 i 

0.80 : 

'7,8 


■^.Apparent ppm.— no untreated .samples? received, thus net ppm. could not be ailculated. 


cliaracterLstics such as soil texture and soil structure, and 
the amount of organic matter present. 

Experiments . — Eleven soil types at seven locaticms in the United 
States were removed from the field in 0 to 6, 6 to 12, and 12 
to 36-inch increments. The respective soil increments were placed 
in lysimeters (8 inches in diameter and 36 inches tall) in the 
greenhouse and packed in an effort to simulate as nearly as pos- 
sible soil profiles existing under field conditions. The respective 
soils in these lysimeters were wetted daily so as to settle the 
soil and thus prevent channeling of water through the soil columns. 
3-(p-chlorophenyl)-l,l-dimetIiylurea was applied to the surface of 
each column at the rate of TO pounds per acre, and the columns 
leached with the equivalent of 72 surface inches of simulated 
rainfall. The artificial rainfall pattern, was such that 1 inch of 
rainfall was applied each day for .5 days. After 2 days had elapsed, 
1 inch of rainfall was applied again each day for 5 days and The 
same procedure repeated until the total amount of water hud 
been applied over a period cff approximately 90 days. The tem- 
perature in the greenhouse varied from approximately 65"’ to 95" F. 
during the study. Leachate sample.s were collected in 1-gallon 
bottles containing 2 gm, HgGI to prevent growth of microorgan- 
isms. Upon completion of the leaching phase, the soils were 
removed from the lysimeters in .separate 4-inch layers and 
analyzed., ■ ■■■ ■ ■ . 

Results , — ^Table 6 shows that the amount of 3-(^-chIoro- 
phenyl)-l,l-dimethylurea remaimng in the soils after leadi- 
ing varied from 4 to 62%. That found in the leachate varied 
from 0 to 56%, and that unaccoiinted for varied from 38 to 
85%. These laboratory data indicate that some leaching can 
occur when large volumes of water are used, representing 
extremely high effective rainfall on a porous soil However, 
under crop treatment conditions, removal of 3-(/?-chioro- 
phenyl) -1,1 -dimethylurea and 3 - (3,4 -dichlorophenyl) -1,1- 
dimethylurea from the soil by percolation is believed not to 
. be a major factor, since after application of 1 to 2 pounds 
'per acre the results of numerous soil analyses indicated that 
essentially no herbicide was present below a depth of 4 

:y.y It is significant that 38 to 85% of the amount applied in 
' ' . ^the lysimeter study was^ot accounted for. Subsequent studies 


Tabic, 6.— ‘Results' of 'lysimeter leaching study.-— material haiance 
on a l()-jK>und per acre application of 3-(p-chlori»phenyl)- 
1,1 -dimethylurea alter leaching with the equivaleni 
of 72 surface inches of water. 


Soil type and 
location 

1 Found 

1 ' in 

1 soil 

1 

! 

! Found 

1 ffi 

j leachate ■ 

i . llnaC'- 
c^ounted 

1 ' for 7 

Sandy clav loam. 

i 

!■ 

i. 

1 

1 . r:* ■ . ' ' 

i. 

1 , : C/. ' ■ 

1 . .."f; ■ . . ■ . 

Manhattan, Kans. 

Cecil day 

I ■ 62' ■ 

1 . '0 

I- 38 ' ■■■ 

Raleigh,: 'N.: C. , 

UneiassiOed muck i 

|. ' 4 

t- 

1 ■ 56 ' 

i ,40 , 

Bradenton, Fla. . . .. .. 

Unclassified day loam 1 

1 .'"53 

■'.0 

; 47 

Manhattan, Kans. i 

Leon -Immokalee sand ; 

1 

1 ' ^ -i 

i 

'; 50; 

Bradenton, Fla. . . j 

Commerce silt loam i 

\. ii . : 

r ' "' 

j'</3o:, J 


Baton Rouge, La. i 

Unclassified sand | 

40 

i ' '0 ' i 
1 ' 1 

60 

Dover, Del. . .. . j 

Unclassified loam j 

23 

' .-I 

Iff';, 

61 

Eagle Pass, Tex.. , - j 

Cecil loamy sand 

1 '4' 

! ■ '■ '. '7' ..i 

r ' ."30 ' ■ ' 

66 

Raleigh, N. C.- 

Unclassified loam 

■' : ■ 1 

-.■■■To'' ■■'! 

1 : '■■ . 1 

73 

Minquadale, Del .. 

Lintonia silt loam 

■ 17 J 

1 o ', ' J 


Baton Rouge, La. - - 

■ 10 ■ 


85 


were initiated to determine wdiether chemical dccompo.sition 
and biological degradation could accounl for this loss. 

; .■■GH.EmGAL.DECOMPOStTiOK''’"^^^ 

The role of chemical decomposition in the disappearance 
of the urea herbicides from the soil is a difficult factor to 
evaluate. Preliminary results from a series of experiments 
still in progress inclicate that both 3- (/xhloro phenyl) -1,1- 


POUNDS PER ACRE 
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t, 
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I 



f 


I 

t 


ff 



Fk»< r7. Cllurmii.il .malysts nf Lintiinia silt loam after treatment 

with 3’i 5et ilii htrni»phenyl) vi J-ditnethylurea at Essen Lane, La. 

clioKthylurea ainl ,v ( 3el<lithlorophenyr) 4 yi.Hlimethyliirea 
are stable in 4 tjiiei)us solution and that disappearance Itojb 
the soil hv iioiehiolo^uical decomposition is probably not 
important in most tascs. 

In studies on tlie role of photodeeoinposition on the fate 
of these herbicides, it ^^as shown that an 83% loss of 3-(/^- 
chiorophenyl)3li l <iinieth)iarea ocuirred when a standard 
solution containing 88.3 ppm. in glass-distilled water and 
sealed in cjuartz tubes was exposed to sunlight for 48 days. 
This may explain the disappearance of the herbicide from the 
soil surface in the dry areas of the West and Southwest 
when little rainfall <KCurs after application, and the chemical 
remains on the soil surface. However, ultra-violet irradiation 
would be expected to account for tire disappearance of only 
a small portion of tlu* herbiciiie in more humid areas where 
ficc|uent raitis would move the chemical into the soil. In the 
case of tile lysirneler leaching study in the greenhouse, 
describtvl abase, irradiation can be disregarded as a factor 
in the tiisapjiearance of ;T{p*-chlorophenyl j-bbdimethylurea 
since the soils were not exposed appreciably to ultra-violet 
irradiation. 


3-{p-CHeOROPHeNYL)- 3~t3, 4-OrCHLOROPHEN Yt )- 

I, l-DIMETHYLUREA I, t - DIMETHYLURE A 



Flo, 18.— -Results of biuassay of sterilized and non-sterilized sam- 
! pies of Cecil loamy sand treated with 3-{/?-chIorophenyl)-l,i- 

I;, dimethyiurea and 3-(3,4'dkhlorophenyl)-l,l“<inBethylurea and 

P incubatal at 80® F. 



Biological degradation 

In addition to determining the effect of soil microorgan- 
isms in the disappearance of urea herbicides, it is ecjually 
important to find out the eff'ect of these compounds on the 
soil mkrofiora. By use of the dilution plate technique, it 
was found that 3- (/^-chloroplienyl)- 1,1 -dimethyiurea applied 
to agar medium to form a concentration of 250 ppm. had 
no adverse effect on the microbe population. Studie.s were 
conducted on the microbe population of soil samples remo\'ed 
in May 1954 from field plots which received a 4-pound 
per acre application, 2 pounds in 1952 and 2 pounds in 
1 95 3, of 3 - ( 3,4-dichloi:opheayl) -1,1 -d imethylurea. In a com- 
parison of treated and non-treated soil samples, no quanti- 
tative or qualitative differences among bacteria, fungi, yeasts, 
and actinomyces were noted. 

Loustalot et aL (3) concluded that the decomposition of 
3- (p-chlorophenyl)- 1,1 -dimethyiurea in soil was hastened 
by those factors favoring soil microbial action such as warm 
tempemtiire, adequate moisture supply, and the presence of 
organic matter. 

Inactivation in sterilized and uon^sterilized soils: Exfieriments.— 
To determine whether inactive tion of these herbicides is due to 
chemical decompo.sition or microbial degradation, e.xperiments vvere 
conducted on the rate of disappearance of 3-(/^'ChiorophenyI)-l, 

1 -dimethyiurea and 3-(3,4-dichlorophenyi)-l,l-dimethyUu‘ea in ster- 
ilized and non-jiterilized soils. Both compounds were applied to 
Cedi loamy sand at the rate of i ppm., based on the weight of 
air-dry soil. All samples were wintered and one-half of the samples 
were sterilized wdth chloropicrin. Both the sterilized and nan- 
sterilized samples were .stored at 80'' F. and 6()<% relative humid- 
ity. No leaching occurred in this experiment. The soil was retained 
in wide-shoukler jars which were covered with cotton to mini- 
mize evaporation. Representative soil samples were removed from 
storage at 0, 2, 4, and 6 w-eeks and planted to oats to measure the 
concentration of herbicide. Results of the bioassay of soil samples 
at 26 days after planting are reported in figure 18. 

The data shoNv that the Tate of inactivation was greater in non- 
sterilized than in sterilized soils, and suggest that soil microbes 
play a definite role in the degradation of both urea herbicides. 

A similar type of experiment was conducted in which non- 
sterilized samples of Cecil loamy sand and of Brookston silt)’ 
clay loam Avere treated at a concentration of I and 5 ppm., respec- 
tively, with both herbicides prior to the 0 to 6 weeks incubation 
period. These samples were retreated each time prior to the 6 to 
12, 12 to 18, and IS to 22 weeks incubation periods, , to equal 
a concentration of 4 and 20 ppm. for the Cecil and Brookston 
soils, respectively. It was anticipated that such a method of accel- 
erated retreatment every 6 weeks would be most valuable in pre- 
dicting the rate of disappearance of these herbicides. Chemical 
analyses Avere made on representative soil samples removed from 
storage after each incubation period, but prior to retreatment, at 
6, 12, 18, and 22 weeks. 

Results. — Figure.s 19 through 22 suminarize the rate of 
breakdown of both compounds in the Cecil and Brookston 
soils. In the Cecil loamy sand with a total application of 
4 ppm., during 22 weeks there was a 45% loss of 3-(/?" 
chlorophenyl)-l,l-dimethylurea and a 38% loss of 3-(3,4- 
dichlorophenyl)- 1,1 -dimethyiurea. In the case of the Brooks- 
ton soil with a total application of 20 ppm., a 38% loss 
of 3- (p-chlorophenyi) -1,1 -dimethyiurea and a 43% loss 
of 3-(3,4-dichlorophenyI)-l,l-dimethylurea was indicated. 
From these results it is concluded that soil microflora are 
active in the decomposition of these herbicides. Although the 
compounds were added more tap idly than breakdown oc- 
curred, there was a fairly constant rate of breakdown through- 
out the duration of the experiment, thus indicating that re- 
treatments did not retard the rate of breakdown by the soil 
microbes. 

Decomposition of methyl-lctbeled 3’‘(P-chlorophenyl}-l J- 

dimethyiurea (4) in soil: Experiment. — Studies were initiated to in- 
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vestigate the rate and extent of attack of soil niicroorganisms on 
methyl-labeled 3-(/;-chlorophenyl)-l,l'dimethyliirea. Samples of clay 
loam with a clay content of 30% and an organic matter content 
of 2.S% were treated with the C’^-labeled material at a concentra- 
tion of 2 ppm., based on weight of air-dry soil, and placed in a 
system so that moist air flowed upward through the soil into 
acidic and basic traps. Samples from the basic trap were radio- 
assayed each 15 days over a 3 -month period. 

Residts . — The percent decomposition of the C^'^-labeled 
3'(/^-chIorophenyl)-l,l-dimethylurea at room temperature 
over a 90-aay period is depicted graphically in figure 23. 
These data show that approximately 10% of the compound 
was decomposed in 90 days, as evidenced by the evolution 
of O‘^0o. A steady rate of breakdown was evident for 
approximately 70 days, after which the rate decreased. The 
leveling of the curve may be due to depletion of metabo- 
li2able compounds necessary for high microbial activity in 
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'2 

CL 

^ 3,0 
\ 
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< 

q: 
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hi 

O 
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I APPLICATION OF HERBICIDE 
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40,9% 4 
^ ^^LOSS * 


51% 

LOSS 


16% 

LOSS 


14,7% 
t^^LOSS 




46% LOSS OF 4 PPM 
DURING TEST PERIOD 


6 12 18 
INCUBATION PERIOD “ WEEK.S 


blG. 19. — Decompusition ( percent ) of 3“(p*chlo ro phenyl)- 1 . 1- 
dimethylurea as determined by chemical analyses of Cecil Itwinv 
sand incubated at .SO" l\ in the laboratory ; samples treated with 
1 ppm. prior to each incubation period to total 4 ppm. 
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“I 
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APPLiCATiON OF HERBICIDE 
LOSS OF HERBICIDE 


38.5 % LOSS OF 4 PPM 
DURING TEST PERIOD 


6 12 18 
INCUBATION PERIOD - WEEKS 


the soil. These, results are interpreted as -further indication 
that soi.r niicrobes ■ are iiistriunenta! in the" decomposition, of ■ 
the substitiUed inea herbicides in soils. 

Oxhiadm of hl.l'-diuitihyimia 'hy sod rnkro- 

arguidsmx: Expi^nmt/?iL--hacXeriA isolated a BrCiok.strm- si.hv 

clay loam were tested for their ' ability- lo ' oxidise .'3'% g-chloro- 
phenyl)-l,l-dimethy!urea. 

A soil bacterium of the Pxtit/domomis group was istilated from' 
a non-herbicide treated Brookston soil in nutrient agar containing 
3-(p-c,hlorophenyl)-i,'l-dimethyliifea. I’he organisms were main- 
tained ■ on tryptone-yeast extract-3% /^H:liloropheny.l ) - L Ldimethyi- 
urea (400 ppm.) -agar medium. The cells of this bacteriuni were 
gnnvn in an inorganic -salt-siKii-inry gliRaimte iuedium with 3'{p-' 
chlorophenyl ) - L 1-dimethy lurea ( 400 ppn?. ) as an ene.'gy source. 
Cells fwra l6-hour cultures were collected by ientriiugation. 
suspended in a phosphate buffer of pH " and vtdded, lo ''Xarburg 
cups at 4 to 5 mgm. dry weight per iup. 3-C ^"'ddort»phenyl)-l. 
1-dimethyIurea was used as a substrate at O.-i 3, in'' Af, 03 )< 
KT' A1, and 0.2 >( ItT'* The water bath tt mpei.iture was main- 
tained at 86" F. d^lve curves in %ure .M show that oxidation began 
immediately after the compound was intreniuced and that the 
total oxygen uptake increased with in. leasing amounts of the 
herbicide. 

A bactei'ium of tiie, group was iscjiatial fftsm 

.sample of 3d/*whlorophenyr)- 1.1 -dinierh) lyoa-tieati I Bros ikstoa 
soil and cultured as described previously. 3- 1/^0 hfoiophenyl )-!.!- 
dimethyiurea was used as a suKstrate at iO ' Al, I ml. per 3X30- 
burg cup. Yeast extract gvvas tipped in aftu' ,id<liiion 01 the sub- 
strate at tilt* rate c»f 1 mgm, per cup, Dxiilation of 3“(/^“chloro 
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Ftc;. -Tis.- -Decomposititm (percent) Ttf '.c 2 p|:-vrn3 *A*ric;-*ritra.tic)n ol' 
CT metlni-labefed 3" { /'-chh,>ri>phenyl ) - Id -dinu thvhiiea in un- 
classified day i<»aMi in a laboratory stuch as meaMuc, 1 by radio- 
: .assay. . ; , " 


APPLICATION OF HERBICIDE 
LOSS OF HERBICIDE 
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d.0SS 


25.7% 
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38% LOSS OF 20 PPM 
DURING TEST PERIOD 


APPLICATION- OF MERBICIOE' 
LOSS OF HERSlCtOf 


13.8% 

.LOSS 


43.5% LOSS OF 20 PPW 
DURING TEST PERIOD 


Fro, 20.— Decomposition (percent) of 3- 
' ^ • (3,4-dichlorophenyl)-l,l-dimcthyiurea as 

..-determined by chemical analyses of Cecil 
‘" '3 : loamy sand incubated at 80° F. in the 

- s y'A' laboratory; samples treated with 1 ppm. 
''' ■>' ■ ' prior to each incubation period to total 


INCUBATION PERIOD - WEEKS 

Fig. 21. — Decomposition (percent) of 3- 
(/j-chiorophenyi)-l,l-dimethylurea as de- 
termined by chemical analyses of Brooks- 
ton silty clay loam incubated at HO"' F. 
in the laboratory; samples treated with 
5 ppm. prior to each incubation p.eriod 
to total 20 ppm. 


6 .:\2 J® C. : zz 

INCUBATION PERIOD -WEEKS 

Fig. 22. -Decom position (percent) of 3*' 
( 3,4-didtIoraphcnyl ) - 1 ,1 -dimerhylurea as 
determined by chemical analyses of 
Brookston .siky clay Itiam incubated at 
80° F. in the laboratory; samples treated 
with 5 ppm, prior to each incubation 
period to total 2D ppm. 
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phenyl )“LI-c!iniHhylumii proceeded rapidly iipoii additKm of the 
yeast extrart (tigore indkating that essential factor 

!; ' present in, the yeast extract was necessary for oxidation. 

1 Resfiiix. :It: was sliowti by tbs^sc\exjX"riraellts that some, 

■ i. ' micajargarusnis are capable of oxidizing 3-(//-chlorophenyi)- 
S l/Udiniethyliirea and use this tonipound as a sole source of 

I carbon. Also, there are otlier soil microorganisms which are 

5 capable of oxidizing tliis compound if accessory growth 

; factors found in organic materials such as yeast extract are 

.■ present. These growtli factors ooniiaiiy will be found in the 

soil organic maiter or soil mineral matter and, therefore, botli 
types of organisms probably are acti\e in the decomposition 
of 3-(/^-chlon>phcaiyru under field con di- 

r tions. The niicroorgaoisms used in these tests are common 

! soil inhabitants and can be expected to be present in all 

agricultural soi.ls. 

SUMMARY 

f.": ■ 

■ Studies were conducted to 'measure the rate of disappear- 
y ance of 3H/^"^dilorophenyI)H,A.Hlfinethylurc^^^ and 3“('3,4- 
V iiichloroplienyl ) - 1 d! “chrnethyiurea under iiekl conditions over 

,1 2 -year I'venod Irom plots established on Keyport silt loam 
at Newark, Del; Cecil , loamy sand at Raleigh, ' N. C.; 
laon Iminokalee sand at Palma Sola, Fla.; and Lintonia 
I' silt loam at Essen [.ane, La. On the, basis of chemical analy- 

,'l ', sc:s atul tlie growth of cover ciops, it was concluded that 

■|‘ ■; wTcn thesw .herbicides' arc applied initially at Tates of 1 to’ 2 

I pouiuls pK, r acre as a blanket utalmciH, I ol lowed by a retreat- 

I meni 12 months later, ph}turu\k iOikc nitrations disappear 

I from the Mill within *i to H months alter each treatment. 

I Under tlje humid tonditions prevalent in the eastern half 

i of the United States, there is no aeciimulation of practical 

. significa,nce. , 

I Laboratory tests were performed to evaluate the importance 

I of volatilization, leaching, chemical decomposition, and Bio- 

I logical degradation as possible factors in the disappearance 

■I:-. , of these, substituted urea herbicides from soil. ■ 

I- , ■ ■■ The- extremely low vapor pressure of, 3- (g-chlorophenyr)- 

: 1, 1 -dimetliyliirea suggests that voiatilization is unlikely to 

account for the disappearance of more than a small fraction 
: of tliis compounil under most field conditions. 
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^ CONCENTRATION OF 
HERBICIDE IN MOLES 
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0.2 X IO"-^ M 


Fig. 24,"-Oxidation tk 3.(/>-chiorophenyl)-I,l”dimethyIurea by 
Psei^domonas sp. in a Warburg study. 
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In a iysimeter leaching study carried out under greenhouse 
conditions, it was demonstrated that some leaching of 
chlorophenyl ) - 1 ,1 -d ime thy lu rea occu rred when large volumes 
of water, representing extremely high effective rainfall on a 
porous soil, were passed through soil columns treated pre- 
emergence with a 10-pound per acre rate. However, under 
field conditions with application rates of 1 to 2 pounds per 
acre, removal of 3-(/^’chlorophenyi) -1,1-dimethylurea and 
3"(3,4-dichiorophenyl)-l,T dimethylurea from the soil by 
psercolating water is not regarded as a major factor in dis- 
appearance, since essentially all of the cTiemicai recovered 
upon sampling is present in the 0 to 4-inch layer of soil 

Preliminary results from chemical decomposition studies 
hi vitro suggest that hydrolysis or oxidation of the substi- 
tuted ureas is slow at ordinary temperatures. However, plioto- 
decomposidon can occur and may be a positive factor in 
disappearance of the compounds from soil xvhen little rain- 
fall occurs after application and the chemical remains on 
the soil surfiuce. 

It wa.s demonstrated that soil microorganisms play a defi- 
nite role in the decomposition of these urea herbicides in 
soils. 

(1) In a laboratory study conducted at F.and 60 % 
relative humidity for 22 weeks, there was approximately a 
40% loss of both 3-(7^-chlorophenyi)-l,l-dimethylut*ea and 
3- ( 3,4-d ichlorophcnyl ) - 1,1 -d imethylurea when applied to 
Cecil loamy san<] at a conceniration of 4 ppm. (1 ppm., 4 



Fig. 25. — Influence nf yeast extract on the oxidation of 3-(g<hk)ro- 
phenyl)-l,.l-dimethylurea (1 ml.) by Pseudomonas sp. in a 
Warburg study. 
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times) and to Brookston silty day loam at a concentration 
of 20 ppm. (5 ppm., 4 times) , 

(2) When a 2 ppm. concentration of CJ‘^ methyl-labeled 
3-(p-chlorophenyl)-l,l-d!methyiurea was mixed with a clay 
loam and incubated at room temperature for 90 days, approxi- 
mately 10% was decomposed, as measured by 
evolution, 

( 3) In Warburg studies it was demonstrated that soil 
microorganisms coSd use 3-(p-chiorophenyl) -1,1-dimethyl- 
urea as a sole source of carbon. 

On the basis of these laboratory studies, it appears that 
the disappearance of the substituted urea herbicides from soil 
under field conditions is due primarily to microbiological 
decomposition, although the other factors mentioned above 
may play a role under certain conditions. 
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It has beeu observed that hay' containing a high percentage 
of yellow rocket is not readily eaten I>y cews. Most of the 
yellow rocket is separated out. This i.s part kulariy true when 


THE CHEMICAL COMPOSITION OF 
YELLOW ROCKET (Barbarea 
vulgaris y 

F irst cuttings of hay or hay-crop silage from areas which 
are infested with yellow (Barhirea vHlgms)^ fre- 

quently contain high percentages of this weed®’ It thus 
became of interest to determine the value of such materials 
as measured by chemical composition. 

Twenty plants were taken at random from one field of 
first-year seeding of a mixture of ; clover, alfalfa, and timothy 
w^eekiy for a period of 7 weeks from May 5, 1954 to June 
2 1 , 1954. Samples wxtc oven dried and ground for analysis. 
Dates and stages of growth at time of sampling are shown 
in table 1. Chemical composhion and percent dry Weight are 
given in table 2. 

These results indicate relatively fair quality roughage value 
for yellow rocket. The data show yellow rocket to be high 
in protein and low in crude fibt^^ in the early stages of 
growth, but a ratheiv rapid reversal occurs as the plant 
matures. It would thus appear that early cutting is more 
advantageous from the standpoint of nutrient value, 

^ Kec. for publication Oct. l4y 1954. 

“ Schreiber, M. M., and Fertig, S. N. The effect of various herbi- 
cides on the yield and botanical composition of legumes, NEWCC 
Proc, 8:370. 1954. 

^ Smith, N. J., Fertig, S. N., and Curtis. L. E. 1953 Observa- 
tions on yellow rocket control in established clover and alfalfa 
fields. NEWCC Proc. 8:354. 1954. 


Tvible 1.— Dates and .stages of growth at time of sampling 
of seven samples tff yelhm rocket. 


Table 2. — Chemical composition of seven samples of yellow rocket <dry matter basi.s) 


Ether 

Protein t Moisture t extract! 


Crude 
fiber t 


Sample No. 


.*AnaIyi5is pmducted iu the Agronomy Department Analytical Laboratory, 
t Analysis conducted in the Animal Nutrition Analytical Laboratory. 


Sample 
No. : 

Date' , 

Stage of grtjwth 

1 ■ 

May 5, 1954 

Early bud stage, no ffowers open. 
Plants 1J4 fet tall. Basal leaves 
still green. 

, , 'O. 

May 12, 1054 ; 

1/8 'flower stage. Plants:' 1J4 to 2 
feet talk Basal leaves starting to 
yellow.. ■ 

■f.:, 

May 29, 1954 ^ 

Full bloom, no pods fcinneti. in- 
fioreseenve starting to ehmgate. 

' '■ 4' ; . 

May 27, 1954;' 

p 2 pt>d f ormatif m . Basal leave.s y el - 
lowed. Stem leaves yellowing. 

' 0 

June 5, 1954 

1 ill' pod formation.! .Few bstsalleaveH 
; :present. 

6:' 4 

June 11, 1954 

1 Full..,pod :Stage with hmv' stem 'leaves' 
present. 

■ rf, 

1 

June 21, 1954 

j 

Seed pods .still green. Seeds not 
completely devekiped. 





AN ATTACHMENT FOR A FIELD CHOPPER 
FOR MEASURING THE AREA HARVESTED^ 

F eeding studies im'olving the use of fresh-cut forage. 

often require an ■ accurate nieasure of the area chopped 
as well as the aniounf of forage harvested. Mechanical count- 
ers inounted in wIkcI rims have been available for some 
time for measuring wheel revolutiom from which area may 
be calculated. 

Counting devices mounted on auxiliary wheels are advan- 
tageous on field t hoppers Ixxause the count can be stopped 
on turns, around Ihe ends of fields and wherever the chopper 
is not cutting. Iixlra wheels running on the ground hav'C 
sonuurnes Ncn useti, Huse may be raised and lowered with 
ropes uiui pullets oaurolied from the tractor seat. 

Hie ciHinting device shown in the photograpli and used 
in "greeniot" feeding experiments consists of a mechanical 
counter on a bicvcle wheel rim which has been mounted 
oil a red assemldy from a grain combine and attached to 
the chopper. Hie wheel is raised and lowered by a rope from 


Fig, 1,-™ -Counting device used in "greenlot” feeding experiments. 

the tractor seat onto one of the chopper whecds. The counter 
wheel "brake'” prevents the wdieel from oscillating as it is 
raised. (Without a brake the counter may osciilute enough to 
record 2 or 3 extra counts.) This brake was made from a 
grain check-spring from a discarded grain binder and rigidly 
supported as shown. There is less chance of the counter 
wheel getting fouled with this arrangement than with the 
wheel on the ground. 

This adaptation was developed by L. S. Cutter, superin- 
tendent of the Soil Conservation Experimental Farm at Shen- 
andoah, Iowa. — J. M. Scholl, Associdte Professor Farm 
Crops, Agronomy Department , Iowa Agr/cnlt/mil Experiment 
Station. ■. 


^ Cuntribution from the Iowa Agricultural Experiment Station, 
Ames, kmai. Journal Paper No. J-259E Project 1016. Rec. foi 
piibhcatKtn Oct. II, 1954. 


Book Reviews 


ELECTHOMETKIC: pM DETERMINATIONS, : 

/i? It C, Ba/ci, 'Wihy S Sons, NeurYm-k. .. 

, 331 pp. 1954.: $7 JO. 

In the preface the autluu* .states, "The acute observer is likely 
to be appalled at the widespread misunderstanding of the prin- 
ciples of pH ik-terminations." The author proceeds in the book 
to disciLSS the assumptitjns, limitations, and technique of pH meas- 
urement with the hc'pe of providing a dear understanding of an 
electrometric pH measurement. The author sets forth two ubjec- 
tive.s: first, to present the theoretical and experimental basis for 
a practical electrometric scale of acidity, and second, to prepare 
a practical handbook of the many experimental aspects, for the 
assistance of those wht» measure pH. The author has achieved 
both of his objectives in an excellent manner. 

The scope of the work i.s indicated by the chapter titles; funda- 
mental principles and conventions; definitions of pH scales; liquid- 
junction potentials and ionic activities; establishment of pH stand- 
ards; buffered Sidutions; quantitative aspects of acidity and basicity 
in nonaqueoLis solutions; ceil electrodes and techniques; properties 
of glass electrodes; measurement of electromotive force with a 
pH meter (a detailed discus^sion of the instrumentation); automatic 
pH control. 

Six tables are given in the appendix covering values of 2.30259 
RT/F from 0 to 100 C., ion product of water from 0 to 60° C,; 


vapor pressure water from 0 to lOO”'' C., constants of the Debye- 
Huckel theory from 0 to 100'" C., dielectric constants of pure 
liquids, and approximate pH of some common reagent solutions 
near room temperature. Parts of the book were reviewed by sev- 
eral of the leading workers in the held of solution chemistry. 
Thi.s authoritative work will be wanted by each soil chemist 
as a part of his personal library, — M. L. Jackson, 

THE LOST VILLAGES OF ENGLAND 

By PAaurke Beresjord. New York. The Phtto.U7phical Library. 

455 pp, 1954. $12.00. 

Tudor England had its share of farm problems, the ve.stigiai 
remains of which are the subject of this fascinating book. It is 
interesting to see the similarity betw^een some of today's basic 
farm problems and those of 15th and 16th century England, 
Although for a variety of reasons, numerous farm villages thrived 
and disappeared from the Norman conquest until the early 15th 
century, the period from roughly 1440 to 1520 was marked not 
only by the great number which were depopulated in the English 
Midlands, but also by the fact that most of the depopulation 
resulted from a landlord's decision to convert from cereal crops 
to grass. By the early 15th century, numerous factors had dis- 
turbed a long-time balance between row crops and pasture in 
favor of the latter. Owners could make more money on grass and 
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shec'p than they could on ^rain and cows. The conversions destroyed 
. more than 500 villages, leaving only a shepherd or two where 

several families had formerly lived, tilling the fields. By the 
middle of the 16th century, the two types of fanning were again 
in balance, due in part to antidepopuiation statutes \vhich took 
;■ some of the profit out of the practice. But the l(»st villages did 

; not revive. 

v With the aid of aerial photographs, extensive documentiuy 

: ;i research, and the sweat of pick and shovel digging, the author 

I; ; has located the sites of numerous lost villages, and gives us an 

excellent picture of their original extent. The causes and the 
■ nature of depopulation are as thoroughly covered as the extapt 

documents of the era permit. Descriptions of the homes and vil- 
1: :4; lages are of unusual interest. 

The book is an excellent contribution to the economic history 
1; .’ jV^ of England. .It is of great value to farm economics students in 

: i'' this country to whom the parallels in today’s farm problems are 

: obvious though different in degree. 

AGRICULTURE--A NEW APPROACH 

By P. H. Haiiistvorth, Paber and Faber. 24 Russell Square. London. 

■ 19^4.21 shllUngs. 
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and would give miKivneeded m.Utria! tu the iiiuvfarm non- 
technical readers with a desire to he well-intonned on erne of 
the country’s most important proldems. . 

^ NATURAL RESOURCES ■; ' ^ ■]'' 

B] Shirley IE’. Allen. Neu' YorC AlcT»r.ne HU! Book Co., ine: s ■ L 
■ 347 Fp. 193%. 55.50. , .f: 

The author .states that the motive fnr thi.s hook was his desiiv 
to see a unified presentation of the hmad subject, keeping con- 
stantly in mind the hdlowing essentials of sound reMuircc am- 
servation: use \vith minimum waste, increasing pnkluctivity w’lieix- 
possible and desirable, and equitable distribution of resources 
now and for the future. With these three broad essential aims 
in view, hi.s discussion covens the folhnving topics: inexliaustibh.' 
natural resources — -air and water; replaceabk and maintainable 
resources — -water in place, soil, land in its sp.ilial sense, forests, \ 

forage and cover plants, wild-animal life, and imnian power; and I 

irreplaceable resources — minerals, metals, iuineral fuels, eti.., and I 

the land in its natural conditiiin. I 

The summary chapter on soil ami^vr\Mum is well done witli 
a well balanced discussion between the prohieius oi ]drcsical erositm 
and those of maintaining siul fertilitv. Tin probkms of adequate 5 



finod control art* clearly and fairly an.ilv/ed. For the general 
reader, the short history «>f public policy on conservation slmuld 
be of great interest, as ii traces the divelt‘pnji.nt of public law.s 
relating to land and resiunces frtun tlh.- Ib.Mnestt, jd Ait e*| IHt'iJ 
up to the problems weated by World War 11 and the jH>st-war 
years. His dosing chapter on '’Human Powais as Natural Re- 
sources” deserves special ctunmernlafion. 

The hook is written as a college text, aoil its empbasis through- 
out on the soda! responsibilities tif "tnvners” of natural nsouiaLS 
should serve well to instill desirable atiitudts early in tlie mifuK 
of students wiio w*ill be guidcil inti> prisUiutiN of inllucnce in 
public and private bodies. Dr. AlUn is ju'oh.-ss-iir emeritus in 
the forestry department of the l.hiiversity of MuJiigcm Sdtool i»f 
Natural Resources. 

BETWEEN US AND HUNCiER 

Ey ' C.'' ALnv/*ai';: 0 ', London. Oxiord lUUver}.u\ Press, 

] 157. pp. 19%4AS2.h3, ' 

The author predicts that J!18 milii«m petqdt* in Indi,^ will f;h.e 
starvation by 1971. 1’he urgent task implied in the title is to 
incimse the prodiicti\ity i>f Indian agriculture to avert that catas- 
trophe. To reflect on the food and population situalitm in India 
is disturbing enough th<mghtful observers uut>ide the CiUintry. 
The solution to the problem seems all ifie juorc mgijit when one 
reads a discussion of it by a native Indian. 

Dr, M,ayadas has examined the* tood .situation m India and 
points out its cau.ses and the weakncs.ses winch uOtk rlie it. He 
considers the prt»spects of overcoming the auUc food shortage 
which is aggravated each year by an addituma,! ^ minim} niouth-* 
to feed. 

lo Americans alerted to the need tor guah r sod luiiservatioo, 
the Indian .situatitm is most ea.sily untlcTstttod \vlu.,i} one is toki 
that 125 million acres of the 4oi) million tillable iurcs of hulu 
are being eroded by primitive methods of farming. As general 
short-term^ measures to help correct the situation, the author urges 
consolidation of land holdings, cun.servation of wattr supplies, 
mechimhation of farming, and some social and adininistrativi 
retirganization to promote the widespreatl adoption of the particu- 
lar practices called ftjr in these general nieasure.s. He believes 
that these can successfully stave off starvation. 'Ehere is no tlis- 
ciission, however, of the de.sirahility or means of limiting the 
rate of population increase. 

This i.s a valuable book for any student of agriculture, h is 
written forcefully and clearly, and will add greatly tt> t>ur umlci:’' 
standing of the economic and political forces at play in that 
part of the wmrld. 

MENTION 

Repori on the investigation aj leaching of a sanitary landjUL 
Pub. 10, State Water Pollution Control Board, Sau'amento CdiL 

195U./ vCickcy: 5^ y, -y/; 

Lnt a j References to Boron Literature, reviewed October 1953 
to December 1953. Library, American Potash Institute. Washing- 
ton, D. C Dec., 1954. 

Technical manual of microbiological analysis of soil (In French) 
by J. Pochon. Monographs of the Pasteur Institute. Mas-son and 
Co., Pans. 1954. 


^ ELEMENTS OF SOIL CONSERVATION, 2ND EDITION 

By Hugh Hammond Bennett. New York, McGraw-Hill Book Co., 
Inc. 358 pp. 1955. .lL96. 

As chief of the USDA Soil : Conservation Service from 1935 
to 1951, the author and his approach to the subject of soil con- 
.seiV'*ation need no introduction to agronomists. This current revi- 
sion brings the original 1947 volume up to date. Intended for 
classroom use, the book surveys the numerous aspects of soil 
erosion, its control and prevention. There are 23 main chapters. 
Nine of them deal with such general aspects as extent and effects 
of erosiori, how it takes place, rates of erosion and runoff, climate 
apd .erosioOj rainfall penetration, a national soil conservation 
program, and planning for soil and water conservation. Thirteen 
deal with use of vegetation, contouring, terracing, channels and 
outlets, gully control, stream banks, water spreading, wildlife, 
farm ponds, stubble mulching, farm drainage, farm irrigation, plant- 
ing trees and shrubs, and upstream flood control. 

' The student can get a stimulating introduction to the broad 
fleld of. soil conservation and can become familiar with the numer- 
ous practical ' problems and applications of conservation from this 
book. It is, an excellent reference book for a farmer’s bookshelf. 


This book may well be called a "closely rea.soned appraisal 
of organic methods of farming,” As a market gardener who has 
used .both organic — c)r natural, fertilizer, and chemical.s — or arti- 
ficials, Mr. Hainsworth is nut propagandizing any fads or fancy. 
His success in getting better nutrition for crops through .studied 
ii.se of organic fertility is interpreted as far as possible in terms 
of the scientific principles involved, especially the manageable ones. 

Among the separate newer approaches cited, there are: (a) the 
use of the organic fertilizers, with their carbon-nitrogen, ratios in 
proper balance to serve in the nutrition of the soil microbes .so 
they are non-competitors wdth the crops for the inorganic fertility; 
(h) the practice of composting highly woody wastes as help in 
bringing about a narrower carbon-nitrogen ratio in the organic 
matter above the soil before it can serve promptly as a fertilizer 
within the .soil; (cj higher "resistance" to diseases and more com- 
plete "protection” against insect damage to crops in consequence 
of organic manuring of the soil growing them; (d) larger seed 
yields, of clovers especially, through fertilizing highly with organic 
manures and, maintenance of higher levels of organic matter in 
the soil; (ej escape from the disturbed inorganic nutrition of the 
plants by the excess^ and imbalance of monovalent elements as 
illustrated by potassium not only in artificials but even from 
organic manuring. 

Some non-thinking faddists might be content to say "Organic 
manuring is efficient because it is natural," The author, however, 
is not of that cult. He is a plant physiologist and student of 
soil, putting the best of science under the organic aspects of plant 
creation which constitute more of agriculture in practice than 
we have yet suggested. 

"Let us study things as they are and not what we have made 
them. Let us question our beliefs to see whether they really fit 
the facts. If they don’t, cast them out.” That is much of the 
philosophy in which Mr. P. H. Hainsworth presents organic 
farming in a good clear style and well wn)rth while reading.^ — 
W. A, Albrecht, 







Agronomic Affairs 

MEETINGS . WAITER N. BANGHAM 


Mar, 6-T2, consecutive meetings, American Society of Photo- 

grammetry, March 6- 9; American Congress of Surveying 

and Mapping, March 9-12, Shoreham Hotel, Washington, 

Aprii 27”-29, Arid Lands Symposium (A A AS) Albuquerque, 
N. Mex. 

June 27-29, North Central Section, A.S.A., Iowa State College, 
Ames. 

Aug. 1-6, 3rd International Congress of Biochemistry, Brus- 
seils, Belgium. 

Aug. 15™ 1 9, Ameritao Society of Agronomy and Soil Science 
Society of America, University of California College of 
Agriculture, Davis. 

■ RHSOLllTIONS ADOPTED AT THE 1954 
■SOCIETY : ANNUAL MEETING 

The tolI( nving rrport of the CAuniiiittec on Resnlutions and 
■Necrtdogy was pn-rscnteJ at tlte 46th annual meeting of the 
American StcJeiy *4 Agronmny, Nov. iU, 1954, at St, Paul, Minn. 

..EXPRESSION OF APPRECIATION 

The scjiierifs heitd>y express (heir gratitude to tlie individuals 
and nrg^nhiiiMm m Minnesota wfio have helped make the 1954 
iTieedngs at St. Paul a soccess. We are especially indebted to 
various members the staff of the University of Minnesota 
fi»r their part in arranging for meeting places, in assembling and 
operating piahecnoo '.'equii'nnent, and in making plans for the 
, ladies’ program, ‘flianks ■iire .’due tlie following urga nidations for 
their geneonis syppiut ' of various activities ’ during' the week: 
Green Giant Tanning C'o., Land O' Lakes Inc., the .American 
Seed Trade Assn,, the. M'innesrua ' Farm Bureau Service Co., and 
Nortbrup King and Co, Our thanks are also extended to the 
commerciai cxlubious \vho provided interesting displays and impor- 
tant financial support for our meeting. The St. Paul Chamber of 
Ccjm.merce and the stall's .'Of 'the 'St. Paul, .Lowry, Ryan, and St. 
Francis hotels are to be commended for their cooperation in help- 
ing to make the meetings come off smoothly. Let us express our 
appreciation ' in applause. 

MEMORIAL RESOLUTIONS 

it is our custom at this occasion to give recognition to members 
of the AnHiiwtn Society AgivuKMiiy who have died since the 
lust annual mcafing. Among these men were outstanding leaders 
in their ihoseii fields of teaching, extension, research, and admin- 
istiatioii. in ounurous ways they have made important coiitribu- 
tions t»> tlu' advanuanent of soil and plant sciences and to the 
dectdupmenr of improved agronomic practices. Their passing is 
a distiuit Ions u> the sttciely and to their families, friends, and 
asNuciates, Hiograpliical sketches have been prepared as memorials 
to the fidhnving deuMsed members; 

Walthr N, Bangha.m, geneticist, Goodyear Tire and Rubber 
.Co,, died May. 5, I95’4 at the age of '51. ■ ' 

Bokton’ B. Bavi.fs, cereal breeder. Division of Cereal^ Crops 
and Diseases, IfS.D.A.. died April 21, 1954 at the age of 54. 

.Mahtin AvHKn.r. Bi-tt, Assistant Director, Montana Agricul- 
tural Experiment Station, died Feb. 21, 1954 at the age of 56. 

L. L. CrjMPTON, Pr(4'essor of Agroiumiy, Kansas Suite College, 
died Jun. 2S, 1954 at the age of 49. 

Franklin L. Dams, Professor of Soil Chemistry, Alabama 
Polytechnic Institute, died Sept. 6, 1954 at the age of 52. 

Ora S. FiSHKH, Retired director of USDA Extension Program 
in Agronomy, died Nov. 3, 1954. 

Woodrow- W. Mahc!ibank.s, Assistant Professor of Agronomy, 
Mississippi State College, died Oct. 27, 1954 at the age of 40. 

ArthI'R cl McCall, retired soil scientist. Soil Conservation 
Service, died Oct. 19, 1954. 

David Alitxandlr SaVagk, Superintendent, U. S. Southern 
Great Plains Field Station, died April 3, 1954 at the age of 53- 

Lkwls J. StaDLRR, geneticist, USDA and University of Mis- 
souri, died May 12, 1954 at the age of 58. 

0. S. Aamodt 

. ' ' J. B. Adams 

j, W, Lambert 

1, G. Monthey 

R. M. Hagan, chakman 


Walter N. Bangham, geneticist for 17 years with the Good- 
year Tire and Rubber Go., died May 5, 1954, following an emer- 
gency operation in Indonesia where he was engaged in plantation 
research. He is survived by his widow, Catherine Ma.sters Banghiun. 

Mr. Bangham weis a leading authority in the field of genetics. 
In addition to .serving the Goodyear Co., for many years he was 
engaged as a consultant for several other firms and the Rocke- 
felier Foundation. 

He w^as born in Wilmington, Ohio, on May 4, 1943. He received 
his bachelor’s degree from Ohio State University in 1926, and a 
master’s degree from Harvard University in 1929. 

During the early part of his career, Mr. Bangham wvas asso- 
ciated with the Firestone Rubber Plantation Co. as a botanist 
In later years he devoted himself to serving agriculture in Latin 
American countries. At the time of his death he was a member 
of the board of directors of the Inter- American Institute of Agri- 
cultural sciences in Costa Rica. 

During World War II Mr. Bangham was associated wdth the 
ohke of Inter-American affairs. In 1945 he served as a delegate 
to the Conference of Inter-American Agriculture in Caracas, Vene- 
zuela. The services he rendered during the war years, while a 
member of the Coordination Commititee for Costa Rica, were 
gratefully acknowledged by the office of the Coordinator of Inter- 
American Affairs. 

Mr. Bangham was a member of the Harvard Club of New' 
Canaan, Conn., the Explorer’s Club of Ne^v York City, the 
"fokeneke Club of Darien, Conn., the Men’s Garden Clubs of New 
York and Fairfield, and the American Agricultural Editor’s 
Association, 

BURTON B. BAYLES 

Burton B. BAyLHS died suddenly on April 21, 1954, at Beirut, 
Lebanon, while enroute to Damascus, Syria, to attend the Third 
FAO Wheat and Barley Breeding Conference, Dr, Bayles was 
born near Manhattan, Kans., on Jan. 10, 1900. He began work- 
ing in the Cereal Breeding Nunsery as a youth while a student 
at Kansas State College, from which he continued .such duties 
at Kansas State College until his graduation with a B.S, degree 
in 1922. He then joined the former Division of Cereal Crops 
and Diseases of the Bureau of Plant Industry and served at Hays, 
Kans., 1922-23; at Moro, Oregon, 1923-27; Moccasin, Mont., 
1928-30; and at Washington, D. C, and Beltsvilie, Md., there- 
after. He received his M.S. degree at Kansas State College in 
1926 and his Ph.D. at the University of Wisconsin in 1936. 

From 1930-35 he directed cv heat research in the Far West 
and Intermountain states, and from 1936 until his death he 
had charge of w'heat research in the Eastera State.s. He also served 
as Assistant Chief of his Division from 1941 to 1946, and directed 
wheat-quality research thereafter. In recent years Dr, Bayles took 
an active part in helping to organize wdieat improvement in 
Mexico, South America, and the Near East, and he traveled 
extensively in those areas. 

Dr. Bayles will be best remembered for hls/ work in the classi- 
fication, physiology' and breeding of wheat varieties. Heywas the 
author of many scientific papers and contributed articles on wheat 
and cereals in various encyclopedias. He bred the Rex variety 
that formerly was widely grown in Oregon, and he tested and 
released the very hardy Togo winter wdieat variety in Montana. 

Dr. Bayles \vas a veteran, of World War I and a Fellow of 
the American Society of Agronomy. He is survived by hi.s. wife 
Clara, two sons, a daughter, and grandchildren. 

MARTIN AVERILL BELL 

Martin Averill Bell, assistant director of the Montana Agri- 
cultural Experiment Station, died at his home in Bozeman, Mont., 
on Feb. 21, 1954. He is survived by his widow', Mrs. Emma 
Oman Bell, a daughter, Elizabeth, and tw'o sons, Richard O. and 
William A. 

Born in Maryland in 1898, he came to Montana wu*th his par- 
ents in 1911 and they homesteaded in Wibaux County. He W'as 
graduated from Wibaux High School in 1917 and immediately 
enlisted in the United States Navy where he served 21/2 years 
during World War 1. After an honorable discharge from the 
Navy, he came directly to Montana State College where he earned 
the Bachelor of Science degree in agronomy in 1924, From 1924 
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to 1927 he wa.s employed as Assistant Agronomist at the North 
Montana Branch Experiment Station at Havre. During 1927 to 
1928 he engaged in graduate work ^ at Iowa State College from 
which he received the Master of Science degree in Agronomy. 

Returning to Montana in 1928 he was associated with the 
North Montana Branch Station as agronomist and superintendent 
until 1939. In that year he was made superintendent of the Wood- 
ward Field Station at Woodward, Okla,, in which position he 
served untitl 1946. In that year he again returned to Montana 
as superintendent of the North Montana Branch Station. Three 
years later he became assistant director of the Montana Agricul- 
tural Experiment Station. From that time until his death he ably 
served as assistant director and as acting director for a period 
of 14 months. 

Mr. Bell’s studies centered on the climate of the Northern 
Great Plains and the agricultural adaptations which ^ are needed 
in this area. His Bulletin No. 336 of the Montana Station entitled, 
"The Effect of Tillage Methods, Crop Sequence, and Date of 
Seeding upon the Yield and Quality of Cereals and Other O’op^s 
Grown under Dry Land Conditions in North Central Montana,” 
has become an important and well-known writing in the agronomic 
Hteratui'e of the Northern Great Plains^ His work and association 
with Montana agriculture was fortunate. Only time will bring 
full recognition to his work. 


istry Division of the Soil Science Society j>f Amefka in 1948.' He, 
was a fellow of the American Association for Advancement cjf 
Science and a member of Sigma Xi and Gamma Sigma Delta, hon- 
orary fraternities. 

At the time of his death, he was conducting research on iirne 
and its effects on the availability of plant nutrients to various 
crops. Among his recent contributions was the Jisew’ery of the 
effect of lime on the volatility of the dinitros med as weetl killers. 
During liis re.search career he published numerous sdentihe papers 
on soil phosphofUvS, the chemical properties of soil profiles, sources 
of liming materials, rotations of crops, lime requirement Jiiethods 
and the mineral nutrition of plants. 

ORA a FISHER 

■Ora S. Fisher, for many years head of USDA Extension pro- 
gram in agronomy, died Nov. 3, 1954 in VC ashington, D. C. 

A native of Washburn, 111., he was graduated from the Univer- 
sity of Illinois- where he directed the seed improvement prcvgrani 
for several years. He joined the U. S, Department of Agriculture 
in 1916 and helped to develop its extension program in agron- 
omy and seed improvement. He continiied in this work until 
his retirement in 1948. He was ooeo>t the organi^jers of the 
International Cnap Improvement Association: 



I. L. COMPTON 

L, L. Compton, profe.s$or of agronomy at Kansas State College 
and secretary- trea.surer of the Kan.sa.s’. Crop Improvement A.ssocia- 
tion, passed away in Manhattan on Jan. 28, 1954, His wife 
and a son and daughter, all at home, .survive. 

Mr. Compton was born April 21, 1905, at Mankato, Kans. 
He became agriculturar extension, agent in Butler county after 
receiving a B.S. degree in agriculture from Kan.sas State College 
in 1930/ Six years later he became extension specialLst in crops 
and soils at Kansas State College. While thus employed, Mr. 
Compton completed work on a M.S. degree in agronomy and 
received this degree from Kansas State College in 1940. From 
1947 until hi.s death he served as Kan.sas Crop Improvement 
Association seGretary. 

L. L. Compton was actively intere.sted in school, church, and 
civic affairs. He was a member of Alpha Zeta, Sigma Xi, Phi 
Kappa Phi, Gamma Sigma Delta, and Epsilon Sigma Phi. Pro- 
fessionally he was identified with the American Society of Agron- 
omy and the American Association for the Advancement of Science. 
At the time of his death Mr. Compton, was serving as a member 
of the board of trustees of the First Methodist Church in Man- 
hattan. He was elected chairntap of the Seed Production and 
Technology Division of the American Society of Agroniuny meet- 
TngS:'ior 1954.; \ 

In 24 years of service to Kansa.s agriculture. L. L. Compton 
earned the respect and admiration of all who knew him. He wa.s 
primarily interested in crop production problems and became 
an authority on mattens varying from soil and water management 
to^ the use arid production of pure seed of improved varieties. 
His contributions to agriculture along these lines were many, 
and his sound advice on agricultural matters wdll be missed 
by hi.s associates. Firm and sincere convictions made Mr. Con^ip- 
ton an inspirational leader and friend. 

FRANKLIN L. DAVIS 

Franklin Louis Davis, profes.sor and soil chemist of the 
Alabama Polytechnic Institute, died at his home in Auburn, 
Sept. 6, 1954. He is survived by his widow, Mary A. Davis, 
and two sons, Franklin L. Davis, Jr., and Edw^ard Davis. 

_Dr. Davis was born in Cabool, Mo., Feb. 19, 1902. He received 
his B.S., M.A., and Ph.D. degrees from the University of Mis- 
souri, pmpleting his doctoral work in 1936. 

During his professional • career he had served as agricultural 
teacher at the School of the Ozarks, Research Assistant at Univer- 
sity of Missouri, assistant professor of soils at North Carolina State 
College, assistant soil chemist with Alabama Agricultural Experi- 
ment Station, and associate soil technologist with the Louisiana 
Agricultural Experiment Station. He returned to Auburn in 1947 
to teach and conduct research in soil chemistry. He was appointed 
■ 4 . member of the graduate faculty in 1953. 

Ih 1929 Franklin Davis attended the 2nd International Con- 
■gresk of Soil Science in Moscow as an honorary delegate from 
North Cai^olina State College., He was a member of the American 
, Sp4ei3^ , of Agronomy and served as chairman of the Soil Chem- 







WOODROW W, M ARCHBANKS ■ 

Woodrow W. Marchbanks, assistant agiontsmist and profes- 
sor at Mi.ssissippi State College, died at the Maxwell Air Foixe 
Base Hospital, Montgomery, ALi,, on Ott. 2“L 195^ Dr. Mardi* 
hanks became afflicted with bleeding gums Sept. 16 and a 
few days thereafter he was ffown to tlie hospital at MiUitgomery, 
Ala., where it was discovered that he liad aplastic aneinia. He 
is survived by his widow Mrs. Armor Lit- Marchbanks, fortnerly 
of Canyon, Texas, and two son. s, Albert joe. o. and Si Cdinton 4. 

Dr. Marchbanks was horn in Chjldres.s, Texas, Sept. 30, J9l*L 
He received his B.Sl degree' in 1938 frtmi West lexas State 
Teachers College. In 1947, he obtained a B.S. degree in Agrononn 
Crops from Texas A & M College and .m M.S. degree in the 
same field from Texas A Sc M College in 1949. 

He served in the Navy, 1942-46, with the rank of lieutenant, 
He took part in the Guadalcanal, the New Guinea and the Admir- 
alty Islands Campaigns. He was wounded in action md received 
a Presidential XInit citation. 

His professional career began with his employment a.s an 
iastfuctor in agronomy at Mississippi State College in 1949 and 
in 1950 he fe.signed to accept a graduate research assistantship 
to enable him to pursue graduate study, leatlmg to the doctorate 
in agronomy. He received the Ph.D. degree fri*m Mississippi State 
College in January, 1953, the first such degree evt-r gi anted by 
Mississippi State College, He joined the stall of Mi.ssissippi 
State College as assistant agronomist ami assistant podessor in 
June, 1952, and since that date he had been in charge td' instnic- 
ikm in the 4-year seed training program, the only 4 year seed 
training program in the United States. Also, he luul Ixam in 
charge of the agronomic phases of seed research in the Regii>nal 
Seed Research Laboratory at State College. He helped conduct 
several annual .seedsmen's short cour.se*.s which hat! been attended, 
by upwards of 200 seedsmen from 25 state.s. 

Dr. Marchbanks belonged to Phi Kappa Phi Hontifary Scho< 
lastic Society, the American Society of Agrtmomy, and the Asso- 
ciation of Southern Agricultural Wu'kers. Hr was a Methcidist 
and a Mason. He wrote a monthly column entitled "Seedsmen’s 
Clinic” for the Seedmen’s Dige.st, published in San Antonio, Texas. 

ARTHUR G. McCALL 

Arthur G. McCall, well known soil scientist w'ho .served as 
a consultant with the Soil Conservation Service, LLS.D.A., since 
hi.s retirement in 1944, died Oct. 19, 1954, in Oiney, Md, He 
is survived by a son, Herbert F, McCall, three daughters, Mrs. 
Betty Lumley, Mrs. Dorothy Compiler and Mrs. Harriett Gorni- 
ley; and three brothers, C H. McCall, E. A. McCall and Otto 
McCall. His wife wa.s the late Flarriett Flower McCall 

A native of Ohio, he received his bachelor and master of .scien^.e 
degrees from Ohio State University and a Ph.D. degree from 
Johns Hopkins University in 1916. * 

Dr. McCall was associated with the U. S. Bureau of Soils 
from 1901 to 1904 at which time he became assistant professor 
of , agronomy at Ohio State University. In 1916 he became pro- 
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ffsst>r and Sidls at the lJnivc'i''sitv of Maiyland. serv- 

ing; in this capadiy uniil 1921 except during 19 ly when he 
st-rved as head nt the agroniMii)’ staff of tht' American Expedition- 
ar> ihsrce statiuoed at Beaune, Idance. While there he estab- 
lished an Amerivan University in Hu rope for servicemen. In 
192*?' lie beamn; ilnef of soil investigations of the U.S,D,A. and 
%vas with the Soil < .onstrvatiiui Service from 1936 to liis retirement. 

Dr. McCall served the American Society of Agronomy 'W'ell. 
He was a member of tlie Committee on Varietal "Nomenclature, 
1913-1917; the Committee on Fertilizers, ' 1921 ; lirst Vice-Presi’ 
dent. 1918-1919; second Vice-Pi'esidcnt, 1923; Assistant Treasurer, 
1929-1937; and Presidern of the Society, 1928, He was elected 
as a Fellow in 192". 

In the 1927 International Congress of Stiil Science, he was 
executive secretary. He wres a charter member of Alpha 2eta 
honorary college fraternity, a member of the Co.smos Club, the 
First Congregational Church, as well as various sdentilk groups. 
Dr. McCall autinu’ed a number of soil conservation handbooks. 

DAVID ALEXANDER SAVAGE 

D.vViU Aij-x.-\Nni‘H S.WACii-:, suyierintendent of the U. S. Southern 
Great Plains Field Station, Wiiodward, Okla., died April 3, 1954. 
Survivors inHude Ids witlow, Claire, and one daughter, Mrs. 
Claire Ellen Furlong. 

David Savagt' hmn at L.Mirel, Mont., on Aug. 12, 1901, 
After graiiuatiug from Montana State College in 1924 he took a 
piisition as iimim* agroaotuiNt with the Bureau <jf Plant Industry 
until 1927. He was a muiiNr of the experiment station statt' 
at Montana State Collegt* in 1927 and 1928, He rejoined the 
Bureau of Plant: Industry in 1928 and was stationed at the Fort 
Hays Hxpeiiment Station, Hays, Kans., until 1937 when he 
hecame pr<uect leader of the Division of Forage Crops and Dis- 
tMSes at tiie Southern Cireat Plains Field Station. Mr. Savage 
was promoted io Senior Agronomist in 1942 and to Superin- 
tendent of the' Wotniward Station in 1918. 

D. A. Savage left a well marked trail i>f major accomplish- 
ments in the field of rangeland improvement. He developed methods 
for resc^fding abandoned farm and crop land which have been 
applied on nearly a iiiil lion acres in the Southern great plains. 
Me w*a.s also instrumental in developing brush control practices 
for range improvement that have bcAen used on well over one 
miliioa acres of sagebrush-infested range.s. He was a recognized 
authority and a noted author in the fields of forage crops and 
range improvement. 

In 1946 Mr. Savage was detailed to Akuska by the U.S.D.A. 
n» investigate the potentialities of that area for range livestock. 
He* was a member i4 a technical assistance group sponsored by 
the- International Bank of the United Nations and FAO to Uruguay 
m 1950, and m 1952 he was assigned as leaden* and a range 
management specialist on a FAO mission to Mexico. This assign- 
ment w*as iundmted at the request of stockmen and the govern- 
ment of Mexico to advise and assist in the development, plan- 
ning and exesutmg of a program for increasing the productivity 
of grazing lands. Mr. Savage resumed his position as superin- 
tendent t»f the Southern Great Plains Field Station in November 
195i. ■ ■■■. ; 

Mr. Savage was a charter member of the American Siiciety 
of Range Management and served us President in 1950. 

LEWIS J. STABLER 

Lrwis J. ,Si ADLi’K, International authority on mutation genetics, 
died in St, Louis, Mo,, on May 12, 1954. Dr. Stadler wa.s born 
at St. Louis, July 6, 1896, He attended the University of Mi.ssouri 
for 2 years, then transferred to the University of Florida wdiere 
he received his B.S. degree in agriculture in 1917. He w^as 
Research Fellow in Cereal Crops Improvement at the University 
of Missouri 19 17- 18, receiving hi.s A.M. in agronomy and plant 
breeding in 1918. In 1919 he studied at Cornell LJniversity, and 
returned to the Llniversity of Missouri where he completed his 
doctorate in 1922. In 1925-26 he was National Research Fellow' 
in Biology, doing post-doctorate wmrk in genetics at Cornell and 
Harvard Universities. He served as visiting professor at the 
California Institute of Technology in 1940 and at Yale in 1950. 
From June 1917 until his death in 1954, except for the brief 
periods mentioned above, Dr, Stadler was located at Columbia, 
Mo,, where he was employed jointly by the U.S.D.A. and the 
University of Missouri. He served as a second lieutenant in 
World War I and was a member of the Scientific Advisory Com- 
mittee of Selective Service during World War IL 



Dr. Stadlers most outstanding scientilic contributions have 
been in the field of mutation genetics. Along with Muller he was 
a pioneer investigator of the genteic effects induced By x-ray 
treatments. Later his experiments were enlarged to include the 
effects induced by treatments with ultra- violet radiation. His 
critical analyses of the genetic effects induced by x-rays led him 
to conclude that all of the x-ray induced mutations in maize are 
extragenic in origin and differ fundamentally from those occurring 
spontaneously. His brilliant experiments on mutations and muta- 
tion processes have done much to advance our knowd edge of 
the organization of the gene. 

Dr. Stadler was a member of the National Academy of Science, 
the American Philosophical Society', the American Academy of 
Arts and Science, The American Society of Agronomy, the Genetics 
Society of America, the Botanical Society of America and other 
scientific societies. He was a member of the editorial boards of 
Experimental Biology Monographs, Advances in Genetics and the 
A.nierican Naturalist. Among the elective otfices he held were 
those of pre.sident af the Genetics Society of America and national 
president of Sigma Xi. 

A great scientist w4th a friendly spirit has departed. He will 
long be remembered for his general devotion to scientific research 
and for the iiigh quality and logical analysis of his own experi- 
ments. 


STANDING COMMITTEES, 1955, AMERICAN 
SOCIETY OF AGRONOMY 


PUBLICATION OF RESEARCFI PAPERS 


L. G. Monthey S. P. Swenson 

R, J. MuCKENHIKN C. F. SiMAlONS 

R. D. Lewis D. H. Sieeing 

G. M, Bkowning, r/ja/mm/ 


PUBLICATION NEEDS OF A.S.A. 


AS. A. Sofix Crops 

W. M, Meyers, ckurman L. A. Richards D. F. Beard 
M. L. Peterson H. E. Myers T. H. Rogers 

H. M. Tysdal A. G. Norman H. B. Sprague 


RELATIONSHIP WITH THE SEED INDUSTRY 


C. S. Garrison, 

D. F. Beard 

E. N. Fergus 

F. V. Grau 


J. R. Holbert 
J. C. Lowery 
id. B. Musser 
F. G. Parsons 


NOMINATING COMMITTEE 


G. O. Baker 
W. R. Paden 


R. R, Robinson 
G. E. Smith 

H. E. Mvhius. 


LOCATION OF MEETINGS 


S. R. Aldrich 
L M. Atkins 
H. B. Cheney 


FI. T. Rogers 
F. W. Slife 
R. S. Whitney 


Harold E. Jones, chamrun 


NOMINATION OF FELLOWS 


L. T. Alexander 
R. E. Blaser 
F. V. Burcalow 
B. A. Brown 


C. D, Jeefriks 
L. A. Richards 
B. B. Smith 
N. J. Volk 


C. J. Willard, chairman 


STANDING COMMITTEES, 1955, CROP SCIENCE 
DIVISIONS, AMERICAN SOCIETY 
OF AGRONOMY 


VARIETAL STANDARDIZATION AND REGISTRATION 


F. N. Briggs 
J. O, Culbertson 

L. F, Graber 

M. A, Hein 

E. A, Hollo WELL 


M. G. Whiss, chairman 


L J, Johnson 
R. E. Kakper 
H. C. Murphy 
J. F. O’Kelley 
T, M. Stevenson 
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C J. Willard 


CROP TERMINOLOGY 
) C P. WILSIE 

G. H. Ahlgren, chairman 


TURFGRASS 


KuNG Anderson 
W. H. Daniel 
J. A. De France 
R. E. Engel 
M. H. Ferguson 
R. M Hagan 
C. K. Hallowell 
J. C Harper 


A. G. Law 
H. B. Musser 
O. J. Noer 

G, C Nutter 

H. H, Rampton 

V. T. Stoutemyer , 

J, R. Watson 

F. y. Grau, chairman 


offictT in the Corps of Engineers until his disehargt' trom inilitary 
service in 1946. He obtained his M.S. degree from the Univer- 
sity of Georgia in 1948 and his Ph.D. degree ui Soil Physics 
from Purdue University in 1933. 

Pie was intensely interested in soil management problems and 
his scientific contributions included artides on difhiskm (.>f aiv 
through soil crusts and tlic eifect of freezing on sidl aggregation. 
He was highly respecteti for his keen scientihv, mind and loveti 
by all who knew him for his integrity, modesty, geiierosity, and 
tolerance. 

Dr. Dornby i.s survivetl by his wife. Barbani Howard DomBy, 
and two sons, Arthur and Charles, Jr. 

G. N. HOFFER RETIRES 


NOMINATING COMMITTEE 

G, W. Burton L. F. Graber 

D. W. Robertson, chairman 

ANNUAL MEETING ASA BRANCH PRESIDENTS 
BECOMES A TRADITION 

Past and present presidents of the A.S.A. .regional branches 
held their second meeting to study common problems at St. Paul, 
Minn., during the Society’s 46th annual meeting, in November 
1954. The committee requested that the Society publBh in the 
printed program each year as a part of the annual meeting the 
scheduled meeting of the regional branch presidents. Favorable 
action on the request w'as taken by the Board of Directors, 


On Jan. 1, G. N. Hoeeer retired as MidwestManager for the 
American Potash Institute, a position which he IkuI held since 
the formation of the Institute in 1935. 

Dr. HoR'er is recognized for his research work in plant nutri- 
tion, p>iant physiology, corn breeding, and diagnostic techniques 
for identifying plant- food deficiencies. He is one of the first to 
recognize the deterioration in the structure t)f Midwest soils due 
to depletion of organic matter and use of heavy machinery. He 
will remain active as. a consultant in his tidds of interest and 
his residence will continue to be in West Latayette, hid. 

His successor is W’erner Lb Nelson, who resigned in's ct>nm:t> 
tions witli North Carolina State College last Oitoher to work 
with Dr, Hoffer. 


Following the working out or detaus Dy tne chairman tor next 
year’s meeting, President of the Western Branch, Dean McAlis- 
ter, Depiirtment of Agronomy, LJniversity of Arizona, the time and 
place of the meeting wdll be announced in next yearbs program. 

The presidents reported briefly on the program in each region 
for the past year and the progress made. Strengthening and 
expanding the regional program, and possible benefits therefrom, 
was discussed. It is believed that one of these benefits would 
be the encouraging of the development of young scientists through 
their participation in the regional program. Strong regional pro- 
grams will permit the society to render greater member service 
to its members. Expansion of regional programs could also help 
stimulate the interest of crop and soil scientists W'orking in 
related agencies. Through participation in regional activities of 
ASA by members of other societies, such as the Soil Conservation 
Society of America, Range Management Society, and regional w^eed 
groups, related programs could be coordinated. Regional meet- 
ings provide ah excellent opportunity for the teachers in agron- 
omy to get together in a program under the auspices of Division 
Xni, Agronomic Education. Participation of students in the .stu- 
dent activities section could also be encouraged. 

it was also visualized that regional programs tied in with the 
program of the membership committees could provide opportu- 
nities for stiniulatmg interest in the affairs of the society and 


GLENN BURTON IS HONORED 

Glenn W. Burton, principal geneticist at the USUA Coastal 
Plain Experiment Station, Tifton, Ga., rcieivcd the 1934 ’‘Man 
of the Year" award of PraMresairv Ramw magazine tor service 
to Semthern agriculture. Dr. Burton was ic\<»gni/i*d for his pioneer 
work in breeding grasses, particularly (a>astal Hennuda which 
is now one of the most importaiu perrnaiunt pasture grasse.s oi 
the Southeast, 

FO A TAKES OVER IOWA TROPICAL RESEAKCEI CENTER 

lowTi State College announced that the U. S. Foreign Opeui- 
tiofis Administration has taken over the research activitie.s of the 
Iowa State College-Guatemala Tropical Research Center. Founded 
by Iowa State College in 1946 with a grant from the Earl E. May 
Seed Co., Shenandoah, Iowa, the center at Antigua, Cniatemala, 
has been devoted to the study of corn at its place of origin. 
Supported jointly by ^ the Guatemala ministry of .igriKodture and 
the FOA Institute of Inter-American Affairs, the aaiter is now 
part of the Giiatcanala experiment 

: , ; COLIEGESJ^ARTICIPATK INbEORElGN AID ■ 


itiSi 

lilill 


soliciting new'* members. The presidents pledged themselves to 
support, whenever po.s.sible, the membership program through 
their regional programs in an effort to expand membership and 
strengthen the Society. They will cooperate closely with the 
regional membership chairman. 

The interest, and enthusiasm shown by the regional officer's 
in this meeting denion.strated that much progress has been made 
during the year and prospects were promising for considerable 
progress in, the year ahead. The North Central Region and the 
Western Region reported that each had completed the bylaws of 
its regional organizations during the past year and had submitted 
theiu to the executive secretary. Copies of the.se bylaw^s will be 
published , in the Soil Science Socie^y of America Proceedings and 
the Agronomy Journal as a permanent record and for the infor- 
mation of all concerned. — B. R. Bertkamson, 

CHARLES W, DOMBY 

(Following is a complete obituary notice of the death of 
Dr, Charles W. Dornby which was reported in the January 
issue,) 

' Dr. Charles W. Domby, Soil Scientist in the Soil and Water 
Conseiwation Research Branch, U.S.D.A., died at his home in 
Athens, Ga„ on Dec. 21, 1934 after an illness of several months. 
■' pr. Dornby was born in Birmingham, Ala., in 1919 and re- 
■ ceived his B.S.A. degree from Offorado State College in 1940. 
He was. ' employed by the Soil Conservation Service until 1941 
when he was .'inducted into the United States Army, serving as an 






riie l.lniversity <4 California has announced itn participation 
in a 3-year program of technical as.sistance to the Natiraud ‘Faiwan 
(Formosa) University. Richard L. Ad.*\ms, ixiiitd professor of 
farm management, and H. Lee Land}:kman, former t'Xtension 
agronomist, have Ic'ft Berkeley for Formosa to start the program. 

Npv Mexico A and M College has furnished a staff” of advisors 
to aid^ the University of Sind, Paki.stan, in setting up a school 
of agriculture and an experiment station. 

FORMER CORNELL DEAN DIES 

LibhRTV Hyde Bailey, at one time director of the Ciirnell 
University experiment station, died Dec. 23, 1934 at iiis hrmu* 
in Rhaca, N. Y., at the age of 96. Dr. Bailey taught horticulture 
at Cornell from 1888 to 1903 and then became Dean of the Col- 
lege of Agriculture and Director of the station. In 1908 Pre.-^. 
Theodore Roosevelt appointed him chairman of the Commis.sinn 
..■on .Country .Life. ' 

NEW COTTON RESEARCH BUILDING 
AT CHICKASHA, OKLA. 

A new 150,000 storage and processing plant is under con- 
j^ructnm at the Oklahoma Cotton Research Slation at Chickasha. 
Fne cost of the new fireproof strutture is Ixdng shared equally 
by the Cotton Research Foundation and the Oklalmma experi- 
ment station. 
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. MiLHS IS MISSISSIPPI SBCTION PHFSIDENT . 

1V.\N H, Miles, HKttnsitm Si*ivit..v iigrimomist, was elected presi- 
dent oi the Mississippi Scciion cif the Anierican Suciety of Agron- 
urny fvn* the cuiriing year at the section meeting Jan. 14. He suc- 
ceeds HarnsDii Evans. V ■ 

L. CrHJiS, syperintendent oi the Delta Branch Experi- 
ment Station, Straieville, was elected first vice president, in ballot- 
ing by mail* J. 1. Caldwell, Jr., of Jackson was elected second 
vice president. 

C. Dale Hoover, as head of the Mi.ssissippi State College 
department v>f agronomy, continues as ex-officio secretary-treasurer 
ttf the section. 

Dr. Hoover reported that the section’s membership increased 
to 220 by Decemher 5 1 , 1954, and that several newp members 
have been received since then. Approximately 225 county agents, 
state and federal employees, vocational agriculture teachers, farm- 
ers, and exanmercia! represenhitives attended the meeting. 

After a welcome by Clay Lyle, dean and director of the 
Agricultural Division of the college, the group heard Charles E. 
Kellogg of Washington, D. C., Perrin Grissom of Stoneville, 
W. B. Ennis of State College,' H, S. Saucier of Meridian, Rex 
K iMBRiEL of Greenville, J. D. Lajmcasthr of State College, R. Q. 
Parks of Memphis, T. H. Blijs of Caledonia, and T. M.' WLvllek 
of State College. 

STUDENT SECTION WILL MEET AT DAVIS, CALIF. 

The Student Activities Sectiim of the American Society of Agron- 
cany will liold its 1955 national meeting at Davis, Calif., August 
15 to 19, acituding to an announcement by Lester H. Schmidt, 
St. Paul, Minn. The section, representing .student agronomy clubs 
at 35 agrkidtural Ciilieges thnaughout the LL S., will hold its 
sessitms in coniunction with the national meeting of the Ameri- 
can Society of Agromamy. Schmidt is president of the section. 

BKADFIELD DIRECTS ROCKEFELLER GROUP IN JAPAN 

Richard Brai>mi-;ld, Iiead mf the Cornell University agronomy 
department, left the United States Feb. 1 for Manila, Philippine 
Islands, to begin a year’.s .service as regional director of agricul- 
ture in the Far East for the Rockefeiler Foundation. He will use 
Manila as an operational base until June I wffien he expects 
to move to Tokyo, Japan, wdth his family. Emphasis in the pro- 
gram which he will direct will be placed primarily on improved 
rice production. 

SOIL CONSERVATION SOCIETY HAS NEW OFFICERS 

Officers for tlic current year, elected by members of the Soil 
Conservation Stwiety at its November 1954 meeting in Jackson- 
ville, Fla., are as hd low’s; 

Austin L. Patrick, SCS, Arlington, \Ll, president; Eiwakd 
H. Graham, Falls Church, Va., vice president; Robert M. Salter, 
Silver Springs, Md., second vice president; Howard R. Biss- 
LAND, Winter Park, Flu., treasurer; and Fihman E. Blar, New 
ih'un.swiek, N. j., ChI'Stfh S. Wn.soN, St. Paul, Minn., and Elmer 
L. Sai.;EK, Champaign, IIL, council members. 

Society fellowships, were conferred upon the follow’ing: 

Frank. C. Hdminster, New Jersey state conservationist; Glenn 
L. Fuller, San Juan, Puerto Rico, who directed the first national 
erosion survey in 1934; and Donald Williams, SC$ adminis- 
trator. 7 

C. E. Ram.ser, USDA research worker ui 4t) years service, was 
made an honorary member, 

ARMY NEEDS SOILS MAN IN KOREA 

I’he Department of the Army is seeking one soil cimserva- 
tionist for civilian work with the Army in Korea. Single men 
are preferred, but married men who.se families will remain in 
the U. S. are acceptable. 

The .soil tonservationist Civil Service rating is GS-15 and pays 
a total annual salary of S10pl5(L Living quarters and transp<'>r- 
tation to and from Korea are furnished at no cost to the employee. 

At least 5 years of 'Veli-rounded" work experience, 3 years 
of wliich must he specialised, are required. To qualify for the 
grade GS-13, federal employees should have been employed at 
the GS-12 rating. Highly qualified men from universities and 
experiment station.s. may also apply. 


Ill 


Application should be made to the Department of the Army, 
Office of Civilian Personnel, Overseas Affairs Division, Old Post 
Office Building, Washington 25, D. C., to the attention of Mrs. 
J. Nelson. 

NEWS ITEMS 

W. T. Brigham has been placed in charge of plant pest regu- 
latory and in.spection work in Connecticut, succeeding Max P- 
Zappe w4io wdll retire April 1. The latter has been at the Con- 
necticut experiment station since 1914. Mr. Brigham has been 
a member of the station staff since 1929. 




Balfour, Guthrie and Co., of San Francisco, Calif., announces 
the appointment of Harold Ferguson as senior assistant to 
R. E. Neidig, vice president of the company’s fertilizer and chem- 
ical department. Mr. Ferguson was a vice president of the Naco 
Fertilizer Co. 

John Grava has been appointed supervisor of the University 
of Minnesota soil testing laboratory. 


Robert W. Earhart, was recently appointed plant pathologist 
at the South Carolina Experiment Station, Clernson. He trans- 
ferred from the Cereal Crops, Section, USDA, at Gainesville, Fla.,, 
and is conducting research on the small grain diseases of South 
Carolina. 

A 

E. J. Mitchell, of the Flax Development, Flax Institute, Min- 
neapolis, Minn., was named an ''Honorary Premier Seed Grower^ 
during the Minnesota Farm and Home Week the week of Jan. 
11 at Minneapolis. 

■ A 

Appointment Jan, 1 of Hubert H. Tucker as director and 
Henry J, Coleman as sale.s manager of agricultural service 
in the new Petrochemical department of Standard Oil Go. (Ohio) 
is announced. Tucker is former president of the Coke Oven Am- 
monia Research Bureau. The new department is at Lima, Ohio, 
where a new petrochemical plant will start production in Novem- 
ber of anhydrous ammonia, nitrate solutions and urea fertilizers. 

The appointment of Walter Pee VY to head Agricultural Exten- 
sion Service work on the maintenance and improvement of soil 
fertility has been announced by Dean J. G. Lee of the Louisiana 
State Col lege of Agriculture. In addition to extension work, Dr. 
Peevy will supervise operation of the university’s soil testing 
laboratory on the campus at Baton Rouge and the mobile labo- 
ratory at the Hill Farm Experiment Sub-Station near Homer. 

Lyman R. Amburgey has been appointed extension specialist 
in soils at the University of Arizona. He is a graduate of the 
University of Missouri and had been in the Missouri extension 
service since 1947. 

_A ; 

Seward Sand has been appointed to the genetics departnuan 
at the Connecticut Agricultural Experiment Station to conduct 
tobacco breeding .studies. He received the Ph.D. degree last year 
from Cornell University and had formerly taught science courses 
at the liorseheads, N. Y,, high school. 

_A^ 

John Letey Jr. of Glenwood Springs, Colo., has been named 
the first winner of a $200 awTird from the National Fertilizer 
Association for the outstanding senior student in agronomy at 
Colorado A and M College. 

’ ■ -J 

Dean F, Peterson, Jr,, head of the department of civil engi- 
neering, has been appointed chairman of the Colorado A and M 
Irrigation Institute. 

He will head the council, composed of representatives of vari- 
ous departments on the A and M campus, for a 2-year term. 
He succeeds Dr. D. W. Robertson, head of the department of 
agronomy. The Institute is set up to coordinate various aspect.s 
of irrigation and promote irrigation and related sciences. 

Since the recent reorganization of the USDA SCS, Wayne 
Austin has been attached to the SCS technical staff with head- 
quarters at Oakland, Calif. Since 1950 he had been regional 
agronomist for the Pacific Region of SGS, His area now covers 
the seven far-western states, and the territories of Alaska and 
Hawaii. 
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CROP TERMINOLOGY 

C J. Willard C. P, Wilsie 

G. H, Ah LORE N% chahtnan 


TUREGRASS 


Kling Anderson 
W. H. Daniel 
J. A. DeFrancf. 

R, E. Engel 
M. H. Ferguson 
R. M, Hagan 
C. K. Hallowell 
J. C Harper 


A. G. Law 
H. B. Musser 
O. J. Noer 

G. C. Nutter 

H. H. Rampton 
V. T. Stoutemyer 
J. R. Watson 

'F. V. Grau, chair mm 


oRicer in the Corp-s of Hni^intx-is until his JisGlukc fomi unlit, uy 
service in 1946. HeAGtaineJ his M.S. ik,;Urer fnmi the Ihiiver- 
sity of Georgia in 1948 and his Pli.D- dvgaa; in Soil Physivs 
from Purdue" University in 1953- 

He was intensclv interested in soil iTLUuygiinent_ jnalheirN and 
his scientific contributions included a rticUs on delusion of air 
through soil crusts and the etTect N' fveexing on stnl aggregation. 
He was highly respected for his keen scientilu mind and loved 
by all who" knew him for his integrity, mmlesiy. generosity, and 
tolerance. 

Dr. Domby is survived by his wife, Barbara Ht>ward Doinby. 
and two sons. Arthur and Charles, jr. 

G. N. HOPPER RETIRES 


NOMINATING COMMITTEE 

G. W. Burton L. F. Graber 

D, W. Robertson, rA//>;?2*n2 

ANNUAL MEETING ASA BRANCH PRESIDENTS 
BECOMES A TRADITION 

Past and present presidents of the A.SA, regional branches 
held their .second meeting to study common problems at St. Paul, 
Minn., during the Society’s 46th annual meeting, in November 
1954. The committee requested that the Society publish in the 
printed program each year as a part of the annual meeting the 
scheduled meeting of the regional branch presidents. Favorable 
action on the request was taken by the Board of Directors. 
Following the working out of details by the chairman for next 
year’s meeting. President of the Western Branch, Dean McAlis- 
ter, Department of Agronomy, University^ of Arizona, the time and 
place of the meeting will be announced in next year’s program. 

The presidents reported briefly on the program in each region 
for the past year and the progress made. Strengthening anti 
expanding the regional program, and possible benefits therefrom, 
was discussed. It is believed that one of these benefits would 
be the encouraging of the development of young scientists through 
their participation in the regional program. Strong regirmal pnv 
grams will permit the society to render greater member service 
to its members. Expansion of regional program.s could also help 
stimulate the interest of crop and soil scientists working in 
related agencies. Through participation in regional activities of 
ASA by members of other st)cieties, such as the Soil Conservation 
Society of America, Range Management Society, and regional weed 
groups, related programs could be coordinated. Regional meet- 
ings provide an excellent opportunity for the teachers in agron- 
omy to get together in a program under the auspices of Division 
XIII, Agronomic Education. Participation of students in the stu- 
dent activities section could also be encouraged. 

It was also visualized that regional programs tied in with the 
program of the membership committees could provide opportu- 
nities for stimulating interest in the affairs of the society and 
soliciting new members. The presidents pledged themselves to 
.support, w^henever possible, the^ membership prograni through 
their regional programs in an cflArt to expand membership and 
strengthen the Society. They will cooperate closely with the 
regional membership chairman. 

The interest and enthu.siasm shown by the regional oflicers 
in this meeting demonstrated that much progress has been made 
during the year and prospects were promising for considerable 
progre.ss in the year ahead. The North Central Region and the 
Western Region reported that each had completed the bylaw's of 
its region'al organizations, during the past year and had submitted 
them to the executive secretary. Copies of these bylaw's will he 
published in the Sail Science Society of America Proceedings and 
thQ Agronomy Journd as a permanent record and for the infor- 
mation of all concerned. — B. R. Bertramson, 

CHARLES W. DOMBY 

(Following is a complete obituary notice of the death of 
Dr. Charles W. Domby w'hich was reported in the January 
issue.) 

Dr. Charles W. Domby, Soil Scientist in the Soil and Water 
Conservation Re.search Branch, U.S.D.A., died at his home, in 
Athens, Ga., on Dec. 21, 1954 after an illness of several months. 

Dr, Domby was born in Birmingham, Ala., in 1919 and re- 
ceived his B.S.A. degree from Colorado State College in 3 940. 
He was. employed by the Soil Conservation Service until 1941 
when he was inducted into the United States Army, serving as an 


On Jan. I, G.- N, Hoffek retired as Midwt^sl Manager for ^ the 
American Potash Institute, a position which he had held since 
the formation of the Institute in 1935. 

Dr. H offer i.s recognized for his research wtuk in plant nutri- 
tion, plant physiology, corn breeding, amt diagiKJstk tedm jques 
for identifying plant-food deficiencies. He is cuie of tile first to 
recognize the deterioration in the structure of, I^fi’dw^est ^soils clue 
to depletion of organic matter and use of Ireavy machinery. He 
will remain active a.s. a consultant in his lichls ot interest amt 
his residence will continue to be in: West Lat.iyeUe, Ini.l 

His successor is Werner L. Nelson, wito resigned his tonnec- 
tions W'ith Nortli Carolina State College fast Grtober to wank 
w'ith Dr. H offer. 

GLENN BURTON IS ■HON0RE:i:;) 

Glenn W. Burton, principal geneticist at tlie USDA (aJastaf 
Plain Experiment Station, d'iUcm, Ga., rcicived tlu 1954 ’’Man 
t}f the Year” award of Progres.iiti- /*d*?wcr magaziiuc fo! servii'^ 
to Southern agriculture. Dr. iiurU»n w.ss recrtgui/cd for his piemect 
w'ork in breeding grasses, particularly CoasLd Huinuda winch 
is now <me of the mt»st impoifanl pernuntot pasture grasses of 
the Southeast. 

FOA TAKES OVER IOWA TROPICAL RESEARCII CENTER 

Iowa State College announced that the V. S, Fo re igir Opera- 
tions Admini.stration has taken over the rc.seartli activities lif the 
locvii State Co H eg e-- Guatemala Tropical Research Center. FouJided 
by Iowa State College in 1946 wdth a gram from the Eari li. May 
Seed Co., Shenandoah, Iowa, the center at Antigua, Goateinala, 
has been devoted to the study of ctirn at its place of origin. 
Supported jointly by the Guatemala nhmstry of agriculture and 
the FOA Institute of Inter- American Atidus. the center is noev 
part of the Guatemala experiment station. 

COLLECiES PARTICIPATE IN IT>REIC,N AID 

the L'niversity ot Cailifinnia lias annouiiu/d iis partiv i]\Uion 
inji 3-year pnjgrain of tedunVal assistaikc to the National ’I'aiw.m 
(Formosa) University. Rkjiakd I, Adam.s, rtiired pjof'essor id' 
farm management, *ind H, I.ir Landjk.m\.\, iouner extuisfim 
agronomist, have left Berkeley ior lhanncN.i to sttirt thi.‘ program. 

New Mexico A and M College has furnislivd a staff of adv incus 
to aid^ the LTniversity of Sind, Pakistan, in stating op a school 
of agriculture and an experiment statitui. * 

^'FORMEIUCORNHLL DEAN DfEs'' 

Liblrty Hyde Bailey, at tuie time director of the Cornell 
University experiment station, died Dec. 25. 1954 at ins honu- 
in Ithaca, N. Y,, at the age of 96. Dr. Bailev taught horticulture 
at Cornell from 1888 to 1905 and then became Dean of the Col- 
lege of Agriculture and DirecttJf of the station, hi 1908 Pres. 
Theodore Roosevelt appointed him chairman of the Ctunmission 
on Country Life. 


NEW COTTON RESEARCH BUILDINCi 
AT CHICKASHA, OK LA, 

A new S50,UO() .storage and proces.sing plant is under ton- 
Oklahoma CiUton Recsearch Station at Chickasha. 
the cost of the new' fireproof structure is bc-ing shared equally 
by the Cotton Research Foundation and the Oklahoma experi- 
ment station. 
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, MILES IS Mississippi SECTION PRESIDENT 


{van Iv MiiJ'S, Lxtti>sicin Sei:vu:c'. agronoinist, was elected ptesi- 
dent: oi tlie Afisssssippi Sect'iijn oi the American Society of Agron- 
omy for the corning year at (lie stctiua meeting Jan. I-L He suc- 
ceeds Harrison Evans, '■ 

WflJJi’VM' L. GilJ'S, superintendent eh; the Delta. Branch Experi- 
ment Si.atioii, Stcaifville, was elected first vice president, in ballot- 
ing by maih j. {. C aldweli, Jr., id Jackson was elected second 
vice president. 

C. Dalk Hoca’I-h, as liead c?f the Mississippi State College 
ilepartment of a gri.u'iorny, continues as ex-ofticio secretaiy-treasurer 
t,if tlie section. 

Dr. Hoover reported that the section's membership increased 
to 22 t) hy December 31 , 1954 , and that several new members 
have been received sin^e then. Approximately 225 county agents, 
state and tederal employees, vricational agriculture teachers, farm- 
ers, ijod commercial repie;sentatives attended the meeting. 

After a welcome by Clay Lyle, dean and director of the 
Agricuitural Division of the college, the group heard Charles £. 
Kellocrs i)f NXhishington, D. Cl, Pi-rrin Grissom of Stoneville, 
XXl B. Ennis of State College, H. S. SAi’aER of Meridian, Rex 
K iMHKiEL of Gaenviilc, J. D. Lancaster of State College, R. Q. 
Pakrs of Memphis, T. E, Hllls of Caledonia, and T. M. “^Cvller 
of. 'State (ad lege. 


STl,IDENT SECrriON WILL MEET AT DAVIS, CALIF, 


Tl.ie Siudetit Aci'i'vities .Secti<.m r:h' tlie American Society of Agrt.ni- 
omy will hold its 1953 national meeting at Davis, Calif., August 
13 to 19, according to an anmnincement by Lester H. Schmidt, 
Sr. iliuL Minn. Tlje section, representing student agronomy dubs 
at 33 ‘‘griinhurai collegeH throughout the U. S., will hold its 
sessions in ioniunction with the national meeting of the Ameri- 
can,. Society of Agronomy. Schmidt is president of the section. 


BHADFIELD DIEHCTS ROCKEFELLER GROUP IN JAPAN 


RiChakd Bradfield, head c:tf the Cornell University agronomy 
department, left the United States Feb. I for Manila, Philippine 
Islands, to begin a year's service as regional director of agricul- 
ture in tlie Far East for the Rockefeller Foundation. He will use 
Manila as an operational base until June I when he expects 
to move to Tokyo, Japan, with his family. Emphasis in the pro- 
gram which he \vili direct will be placed primarily on improved 
rice production. 


SOIL CONSERVATION SOCIETY HAS NEW OFFICERS 


Officers for the current year, elected by members of the Soil 
Conservalion .Society at its November 1934 meeting in Jackson- 
ville, Fla., are as ftdUnvs; 

L. Fathick, SCS., Arlington, Va., ‘president; Edward 
H. Graham, Falls Church, Va., vice president; Robert M, SALTim, 
Silver Springs, Md., seauid vice president; Howard R. Blss- 
LAND, Winter Park, Ida., treasurer ; and Firm AN _ E. Bear, New 
Brunswick, N. j., Cjil.stee S. Wilson, St. Paul, Minn., and Elmer 
J.. SaiT'K, Champaign, III., council members. 

Society fellowships were conferred upon the following: 

Frank C.' Edminster, New Jersey state conservationist; Glenn 
L. Fuller, San Juan, Puerto Rko, who directed the first national 
erosion survey in 1934; and Don.ald WhuJAMS, SGS adminis- 
fratur. , ^ ■ 

G. '.E, Ra.msf:r, USDA research worker of 4i> years’ service,' was 
made an honorary member. 


ARMY NEEDS SOILS MAN IN KOREA 


Tlie Department of the Army is seeking one soil conserva- 
tionist for civilian work with the Army in Korea. Single men 
are preferred, but married men whose families will remain in 
the U. S. are acceptable. 

The soil conservationist Civil Service rating i.s. GS-13 and pays 
a total annual salary of SU>,43(). Living quarters and transpor- 
tation to and from Korea are furnished at no ct>st to the empUiyee. 

At least 3 years of ''well-rounded" work experience, 3 years 


II 1 


Application should be made to the Department of the Army, 
Office of Civilian Personntd, Overseas Affairs Division, Old Post 
Office Building, Washington 25, D, C., to the attention of Mrs. 
]V Nelson. 


NEWS ITEMS . 

W. T. Brigham has been placed in charge of plant pest regu- 
latory and inspection work in Connecticut, succeeding Max P. 
Zappe w4io will retire April 1. The latter has been at the Con- 
necticut experiment station since 1914. Mr. Brigham has been 
a member of the station staff since 1929. 

A 


Balfour, Guthrie and Co., of San Francisco, Calif., announces 
the apipointment of Harold Ferguson as senior assistant to 
R. E. Neidig, vice president of the company's fertilizer and chem- 
ical department. Mr. Ferguson w^as a vice pre.sident of the Naco 
Fertilizer Co. 


John Grava has been appointed supervisor of the University 
of Minnesota soil testing laboratorv. 

_a2L. 


Robert W. Farm art, was recently appointed plant pathologi.st 
at the South Carolina Experiment Station, Clemson. He trans- 
ferred from the Cereal Crops, Section, LISDA, at Gainesville, Fla., 
and is conducting research on the small grain diseases of South 
Carolina. 

A_ 


E. J. Mitchell, of the Flax Development, Flax Institute, Min- 
neapolis, Minn., was named an "Honorary Premier Seed Grower," 
during the Minnesota Farm and Home Week the week of Jan. 
1 1 at Minneapolis. 

__A 


Apixuntment Jan. 1 of FIlibert H, Tucker as director and 
Henry J. Coleman as sales manager of agricultural service 
in the new Petnxhemical department of Standard Oil Co, (Ohio) 
is announced. Tucker is former president of the Coke Oven Am- 
monia Research Bureau. The new department is at Lima, Ohio, 
where a mw petrochemical plant will .start piroduction in Novem- 
ber of anhydrous ammonia, nitrate .solutions and urea fertilizers. 

. — A._ — 


The appointment of W.vlter Peevv to head Agricultural Exten- 
sion Service work on the maintenance and improvement soil 
fertility has been announced by Dean J. G. Lee of the LDui.siana 
State College of Agriculture. In addition to extension work, Dr. 
Peevy will supervise operation of the university’s .soil testing 
laboratory on the campus at Baton Rouge and the mobile labo- 
ratory at the Hill Farm Experiment Sub-Station near Homer. 

' A_ 


Lyman R. Amburgey has been appointed extension speciai!,st 
in soils at the University of Arizona. He is a graduate of the 
Llniversity of Mi.ssoiiri and had been in the Missouri extension 
service since 1947. 


Seward Sand has been appointed to the genetics department 
at the Connecticut Agricultiirai Experiment Station to conduct 
tobacco breeding studies. He received the Ph.D. degree last year 
from Cornell University and had formerly taught science courses 
at the Horseheads, N. Y., high school. 

. 


JoHNL Letey Jr. of Gkmvood Springs, Colo., has been named 
the first winner of a $200 award from the National Fertilizer 
Association for the outstanding senior student in agronomy at 
Colorado A and M College. 


Dean F. Peterson, Jr„ head of the department of civil engi- 
neering, has been appointed chairman of the Colorado A and M 
Irrigation Institute. 

He will head the council, composed of representatives of vari- 
ou.s departments on the A and M campus, for a 2-ye:ir term. 
Fie succeeds Dr. D. W. Robertson, head of the department of 
agronomy. The Institute is set up to coordinate various aspeers 
of irrigation and promote irrigation and related sciences. 


Since the recent reorganization of the USDA SCS, Wayne 
Austin has been attached to the SCS technical staff with head- 
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Alto E, Royer receatly transferred from the Section of Cotton 
and Other Fiber Crops to the Eastern Soil and Water Manage- 
ment Section, both in the Agricultural Reseiirdi Service, USDA. 
He had been stationed at Turrialba, Costa Rica, conducting research 
on abaca. In his new position he will serve as Soil Scientist at 
the Southeastern Tidewater Expenment Statiton, Fleming, Georgia. 

W. V. Chandler, soil scientist with the Eastern Soil imd 
Water Management Section of the Agricultural Research Service, 
has been transferred from Raleigh, N, C., to State College, Fa, 
He will head up a cooperative .research project between the ARS 
and the Pennsylvania Agricultural Experiment Station on deepen- 
ing of the root zone for crop plants. 


Marlowe D. Thorne has joined the Eastern Soil and Water 
Management Section, Agricultural Research Service, as irrigation 
\vork project leader. For the past 7 years he has been with the 
Pineapple Research Institute of Hawaii, his most recent position 
there being Head of Agronomy Department. He is a native of 
Utah, and received hi.s undergraduate training at Utah State Agri- 
cultural College, and graduate training at Iowa State and Cornell 
University. In the new position. Dr. Thorne is the technical leader 
for irrigation research which i.s conducted cooperatively between 
ARS and the 31 Eastern States and Puerto Rico. His headquarters 
are at the Plant Industry Station, Beitsviile, Md. 


COMMERCIAL NEWS 

A new service bulletin on the borate weed killer, Tronabor, 
has been i.ssued by American Potash & Chemical Corp. in connec- 
tion with the product’s use under asphaltic paving in such cases 
as airports, highways, parking areas, playgrounds^ and other 
similar applications. Copies can be obtained frcnit the company 
at 3030 West Sixth Street, Los Angeles 54, Cahf. 

A 5,000,000 (12,000 ton) gallon .storage system for anhydrous 
ammonia plus the nation’.s Erst river-rail-highway distribution 
facilities will be placed in operation about March 1, By Mid-South 
Chemical Co. at Memphis, Tenn. 


PERSONNEL ■. SEE VICE ■ ' 

The Personnel Service column is provided without charge to 
American Society of Agrontnuy and Soil Science Sc^ciety of Anieriai 
memkas. For ail others, a charge of is niavle. Insertions are 

limited to 100 woitls, and sliould be submitted in duplicate. An 
item will be inserted one time only, but will be given a key nimi- 
her which will be carried for live additional insertions unless a 
discontinue order is received, items pertaining to soils positions 
will be inserted one time in the ■ Amerhj 

Proceedhjgs unless otherwise specified. 'The following insertions, 
published in earlier issues, are still available: 9“'2, 11- 1, lT-2, 
12-1, l-l, 

POSITIONS OPEN 

Experienced corn breeder under 40 ior expanding hybrid corn 
program. Aggressive midwestern. agricultural service organiza- 
tion. Salary commensurate with experieniie. .Write gi\'ing com- 
plete details to: Personnel Department. Cargill. Incorporated. 
200 Grain Exchange, Minneapolis 15, Minn. 2- 1, 

Applications invited for Assistant Professor id Soil Science, 
duties commence Sept. I, 1955. Initial salary; S4,OiM)-”S5, (KICK 
Cost of living bonus about S309 and normal yearly increment 
S250. Prefer graduate with Ph.D. degree - or equivalent train- 
ing, who has specialized in soil sctince. 

Duties include, research, teaching, sv.9.! .testing, and extensioo 
work, Coniirmation of appointirient suhiect iti satisfaetcuy conv 
pletion of probationary period of two to fcuir vc-un. 

Address Head of Department td' Sidl Scierne, University ni 
Alberta, Edmonton, Alberta, giving details of training aiu! ex- 
perience, personal information, tlie names id tliree leferees. 
and recent photograph. 

Closing date: May U 1055. 2-2. ., 

POSITIONS WANTEIT 

Experienced cereal breeder, licfld anti labtoattoy \\ ork, desires 
position as Technical Assistant. Western location preferred. Full 
information will be sent on request. 2-3 
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R adiation genetics had its origin in fundamental re- 
^ searches conducted almost 30 years ago. In 1927 and 
1928, Dr. H. j. Muller and the late Dr. L J. Stadler re- 
ported the first results of their experiments with X-rays, 
demonstrating that by this agency it was possible to obtain 
mutation rates tliiat were much higher than spontaneous rates. 
As happctis so often in new advances in science, these two 
investigators carried on their researches simultaneously and 
found essentially similar results. Dr. Muller, then at the 
University of Texas, now at Indiana University, X-ra)'ed 
male drosophila while Dr. Stadler, of the United States 
Department of Agriadture and the Unix'ersity of Missouri, 
X-ra)'cd seeds of barley and maize. 

It should be added parenthetically that rays’ had been 
used to produce hereditary dianges in a living organism, the 
same fruit fly radiated by Muller (Drosophila mdimo^isler ) 
a number of years before the researches of Muller and Stadler. 
I came upon a reference to this w^ork quite by accident when 
I was looking cner a biology textbook that my daughter 
Maiy brouglit home from college. In reading a portion of 
that textbook under the title '’Mutations artificially induced” 
I ran across this statement: ’’The first changes in the germ 
pkesni to be produced artificially, propagated by experimental 
breeding and analyzed as to their nature w^ere obtained in. 
1920 by the author by the use of X-rays, . , . Several years 
later evidence of gene mutation by X-ray treamcnt wcis 
obtained by oilier investigators.” 

The author was James Watt Ma\x>r, tlien working at 
Union College in Sclienectady, N. Y. The X-raying was done 
in the Researcli Laboratory of the General Electric C,7)mpany 
at the suggestion of Dr. Willis R, Whitney, director of the 
General Electric Research Laboratory. 

Although this original work did not produce any gene 
mutations as produced by Muller and Stadler, it was con- 
ceived wfitli the idea of ’’determining if X-rays by affecting 
the X chromosome could disturb the inheritance of a sex- 
linked character.” /Fhe researchers published in 1921. and 
1922 in Science, iind in 192-1 in the Jaiirmd of Experimental 
Zoology, demonstrated that the inheritance of sex-linked 
characters was disturbed. In this case the disturbance was 
due to non-disjunction w^Iierc two chromosomes failed to 
separate at meiosis, tw'o going to one cell and none to the 
other. Non-disjunction in drosophila had been discovered 
and analyzed by Dr. Calvin Bridges in 1916, 

Unfortunately it w^as not followed through to the produc- 
tion of gene mutations as Muller’s research so clearly dem- 
onstrated in drosophila several years later, but it is certainly 


Mnvitational paper presented before the general meeting, Crops 
Science Divisions, American Society of Agronomy, St. Paul, Minn., 
Nov. 9, 1954. 

® Biology Department, Brookhaven National Laboratory, Upton, 
N. Y. 


wortliy of note from a historical standpoint. Mavor’s work 
was certainly known to both Muller and Stadler. Incidentally, 
while we are in a reminiscent mood, I should like to point 
out that in the fall of 1923, when Stadler came to the 
Bussey Institute of Harvard University to spend a year with 
Dr. East, he brought witli him ears of corn showing muta- 
tions produced by X-rays. I saw those ears in the fall of 
1923 .%. 

Howe\’er, to keep tlie record straight, we should like to 
point out that it was Muller who grasped the full signifi- 
cance of the use of this new tool, X rays, for producing 
genetic changes on a grand scale in a wide variety of living 
organisms. 

The summary paragrapli of Muller’s 1927 paper in Science 
reads as follows: ”In condasion, the attention of those work- 
ing along classical genetic lines iiiay be drawn to the oppor- 
tunity, afforded them by the use of X-rays, of creating in 
their chosen organisms a series of artificial races for use in 
the study of genetic and ’’phaenogenetic” phenomena. If, 
as seems likely on general consideration, the effect is com- 
mon to most organisms, it should be possible to produce, 
”to order”, enough mutations to furnish respectable maps, 
in their selected species, and by use of the mapped genes 
to analyze the aberrant chromosonie phenomena simultane- 
ously obtained. Simildrly, for the pr ad i cal breeder^ it is hoped 
that the method will prove nsefnl:^ (Italics mine, W.R.S.) 

The method has proved usehil. Its usefulness was demon- 
strated first in Sweden, and not in this country where the 
original work was done. In the spring of 1928, the late 
Dr. Herman Nilsson-EIiIe, then Director of the Swedish 
Seed Association at Svalof and Head of the Genetics Insti- 
tute of Lund Llniversity, \vas contacted by Gustafoon, one 
of his students and now at the Forest Researdi Institute, 
Stockholm, w^io proposed to embark on an evolutionary 
(and also , revolutionary) study of agricultural plants By 
means of X-ray and ultraviolet induced mutations. The thesis 
was that if nature continually produces mutants of value 
for the species, it should be possible to produce them experi- 
mentally, especially since the mutation rates can be increased 
so markedly, as had been demonstrated by Muller and Stadler. 

Nilsson--Ehle, who had been interested in mutations vSince 
the birth of genetics at the turn of the century, immediately 
grasped the significance of this type of research, not merely 
for the study of evolution but also for practical plant 
breeding. 

Nilsson-Ehle and Gastafsson found many chlorophyll 
mutations in barley by the use of X rays. In the middle 
1930's, Nilsson-Ehlc discovered some mutants characterized 
by dense heads and very stiff strawe TJiesc mutants, called 
erectoides by Gastafsson, were found to yield equal to the 
maternal variety, Golden. In 1937, Gustafsson found other 
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' erectoides mutants and also a striking variant with distinctly 

v; ■ taller straw and 4 days later in maturily. 

• Erecioides 1 of Gustafsson’s experiments and the late tall 

f' ' are of considerable interest. Both arose in connection with 

chlorophyll mutants, erectoides 1 aloJig with a xantha mutant 
: and the late tall mutant togetlier with an dboviridis type. 

’! i Also, erectoides 1 is closely linked with a translocation point. 

• f : In this case there were three drastic effects ot radiation: 

a reciprocal Iransiocation, (2) a conspicuous change in 
i morphology and (3 ) a chlorophyll mutant. Tested in regular 

; yield trials for 13 years (1940-52) this mutant produced 

/ . an average of 1.3% more grain at Svalof than Golden Bar- 

i ; ley, and tested for 8 years produced 5.1% more straw, 

j ; In total production it had a 3% superiority. It ripens 1 day 

' later. 

• : Superior Production in Dry Years 

i The late tall Jiiutant produced, for the same sec|ueace ol 

; I years, 1.7% more grain and 16% more straw, surpassing 

% the mother strain by 9% of total production. However, it 

, ; requires 4 days longer growth, distinctly later than Golden 

' Barley. In addition, this mutant shows another property of 

y ■; extreme interest — -its ecological requirements are entirely 

/. 1| changed, its superior production occurs in dry years; in wet 

; r years it is distinctly inferior. Cultivated in eastern Sweden 

j; (Uppsala), it surpassed the mother strain by 11%^ of grain 

i and 19% of yield of straw, making 15% in all. By contrast 

^ 1 mutant in the .same district yielded some- 

what below the mother strain, both as regards yield of grain 
■ and straw. 

: I have given the results of these two mutants in some 

. j detail because they represent the first actual accomplishment 

; j of the production of superior varieties by the use of radia- 

^ j' tion. They also stress some points of evolutionary sign i ft- 

'I' cance. As Gustafsson points out, ” We are safe in condud- 

I ing that by appropriate methods we may induce hereditar}' 

changes causing an increase in grain yield, or in yield of 
vegetative matter, or in both of these properties. Moreover, 
i we can alter the ecological requirments entirely, and in this 

I; way create new ecotypes with the same, an abbreviated or 

|i a prolonged life cycle. Finally, chromosome breakage and 

[ . rearrangement do not prevent a complete or even rai.sed 

i production,’' 

ir Also Dr. James MacKey, one of Gustakssoifs associates, 

i has demonstrated ladiation induced earliness, greater plump- 

t ness and higher yield in oats, and in wheat has produced 

shorter strawed types, higher yield and re.sistance to black 
stem rust. Dr, MacKey is presently a giiccst investigator in 
|i our laboratory. 

These examples, taken from Swedish plant breeding, are 
- !; cited here because they demonstrate so clearly the possibilities 

j and the promise of the use of radiation genetics in plant 

I', breeding. They also demonstrate what may be accomplished 

I if there is vision — in this case of. Niisson-Ehle and 

; % ^ Gustafsson. 



U. S. Slow in Early Research 

While this very productive work was going on in Sweden, 
what was happening in the use of radiation in plant breed- 
ing in this country? The answer, unfortunately, is practically 
nothing. We wonder why. Perha{>s we needed a Nilsson-^ 
Ehle or a Gustafsson, or perhaps the plant breeders in this 
country had such a wealth of breeding material that they 
did not feel the need of new types that could be produced 
by radiation. This was undoubtedly true for corn, which 




has a fairly high mutation rate; and plant breeders were 
busy producing hybrid corn, utilizing the many diverse types 
of corn already in existence. The time was not ripe for devel- 
oping new types by use ol radiation. 1 his was not true, 
to the -same extent 'at least, for the cereals. But apparentlj- 
the cereal breeders either were not imprc.s.sed with the poten- 
tialities of radiation induced mutants or were inijsressed by 
the apparent fact that the radiation induced mutants were 
all harmful, an idea prevalent in the early days of radiation 
genetics. 

At any rate, no serious attempt was made in this country 
to use radiation as a plant breeding tool until after the war 
and the arrival of the atomic age when radioisotopes became 
plentiful and available for research, llie research that has 
demonstrated the useluiness of radiation in plant breeding 
has for the most part been carried out at laboratories iinanced 
by the Atomic Energy Commission or with the aid of grants 
from the A.E.C. 

Regarding the deleterious nature ol' radiation induced 
mutants, it an be stated without fear of contradiction that 
most mutants are of a deleterious nature. Hie same can be 
said of spontaneous mutants. But, there is a tremendous 
difference, between 100% liarmtul genes and 99.99%. Gus- 
tafs.son estimates that only 1 in a 1.000 may be usdu! for 
plant breeding purposes. But this thousand- to-one shot lias 
paid big dividends in plant breeding, h is to tlie great credit 
of Nilsson-Bhle and Gustafsson that they liad the vision 
and the patience to set up experiments, carry them tlirough, 
and demonstrate that this nusv tool aiuld be iiseil to produce 
superior strains of plants. These researches also demonstrate 
that all new ideas are not coniined to any single country 
or continent. Scientific progress knows jio internatiDoal 
boundaries. 


Mutants Have Stiff StriW 

The- work begun by Nilsson-Ehle and Gustafsson has 
been carried on and expanded by Gustafsson and a rather 
large number of competent colleagues. They have studied a 
wide variety of plants such as wheat, peas, vetches, potatoes, 
and find that the same results were obtained in all plants 
studied. In barley they Itace observed abt.mt BO eivcroides 
mutants distributed over 16 different loci. Not ail oi these 
mutants yield more than the parental strain hut they jII have 
one property in common, namely, stiffness of straw. This 
is of economic impcirtance in the prevention of h>dging. 

There is anothef property the eredoide.s mutants have in 
common. This is their nitrogen preference. The mutants 
prosper, in relation to their parents, as the nitrogen iticreases. 
They change the ecological reaction of the motlier strain in 
one and the .same direction and make the organism fjt for 
an extreme nitrogen requirement. Some mutants are even 
better than the very high- prod active variety Bonus with a 
straw stiffer than the prominent variety Hcrta, the top vari- 
ety in this respect. Here is evidently a series of gene.s which 
by mutation cause a striking nitrogen preference and make 
two-row barley even better adapted to human society. 

These ercctoide mutants which can be termed ' nitrogen 
ecrotypes”, have a behavior almost opposite to another class 
of mutants, the bright-green plants, similar, I believe, to 
glos.sy seedlings in corn. The bright-green mutants, at least 
10 at several loci, suffer from high nitrogen applications. 
Thus it seems possible that ecotype formation Jj:> rich or 
meagre soil can take place by a single factor mutation. Also, 
early and late ripening mutants are easily produced^ making 
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the variety atlapted to \'ery short or very long growing 
periods. 

At^this point it is well to pause and ask ourselves what 
significance these iiodings have to agriailture. It seems to 
me they are of tremendous importance. By using radiation 
as a tool to induce variability within a species, we can pro- 
vide the material lor selection so that a variety may be 
tailored to almost any specific set of conditions. 

Take corn as an example. Although we have not progressed 
as far as Gostafsson with his cereals, it seems that most 
of the types produced in cereals have been produced in maize 
radiation experiments. By radiation we have induced many 
short corn plants, some taller, some earlier than the parents 
and some later. Yield tests have not been made but obser- 
vations on some of the short types indicate that they may 
have yield potential. This is true of the spontaneous inutants, 
reduced internode plants ;v/, the brachytk,^ plants, also some 
induced short types. And like the erectoldes mutations in 
barley, tliey all have stalks less susceptible to lodging than 
the tall types. We liad an adequate test of this on Long 
Island recently during a visit of those two notorioLis dtimes, 
the hurricanes Carol and Edna, with wind velocities in excess 
of 1.00 miles per hour. The short hybrids stood up while 
most of tlie otiier hybrids were laid low. 

The work ot Gustafsson and colleagues has given us a 
glimpjfe of wliat may be accomplished in the way of breed- 
ing with specific objectives in mind. I shall have more to 
say about this presently when discussing the radiation pro- 
gram at the Brookha\’en Laboratory. I think it might be well 
to discuss mm a few of the more outstanding contributions 
that have been made recently in tins country by using 
radiation. 

Atomic Energ)’ Accelerates Research 

With the advent of atomic energy, radiation sources be- 
c.une more readily available and several experiments w^ere 
undertaken with the hope of using radiation to produce 
better types of plants. One such experiment was that of 
Dr. Walton G. Gregory who reported to us this afternoon 
on the progress he has made in the use of X rays in breed- 
ing peanuts. In starting the project he had 8 bushels of pea- 
nuts X-rayed at the Oak Ridge National Laboratory. (His 
research program was supported by a grant from the Atomic 
Energy Commission.) In the generation of his work he 
examined 975, OBB plant progenies (64 acres). Sinctvmuta- 
tion rates even under mdiation are not high percentagewise, 
and since beneficial mutations represent only a fraction of 
a percent of all mutations, it is not hard to see the wisdom 
of large populations in any radiation experiment. In fact, 
large populations are necessary for success. Two of the most 
significant results reported by Gregory were resistance to 
leaf-spot disease and higher yield. 

Dr. K. J. Frey, of Iowa State College, will report to you 
on Thursday regarding his use of X-rays in developing mst 
resistant lines of oats as well as strains shorter than the 
parent variety. This work was done at Michigan State Col- 
lege. Four strains were found which were 1 week earlier in 
heading and one strain 1 week later than Huron, the patent 
variety. His results are similar to those of Dr. C. F. Konzak 
of our laboratory. Dr. Konzak reported his results to a meet- 
ing of the Agronomy Society in 1953. He found resistance 
to aist race 7a, following treatment of oat seeds of the vari- 
ety Mohawk in the themial colutnn of the nuclear reactor 
at the Brookhaven National Laboratory. He also found 
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variants for plant height, maturity and for kernel charac- 
teristics. 

In addition to using radiation to produce plants resistant 
to difierent pathogens, radiation is being used on the patho- 
gens themselves to determine their inherent mutability and to 
determine more or less the limits for which the plant 
breeder must breed. Dr. E. C. Stakman reported on this 
at a hearing on the contribution of atomic: energy to agri- 
culture, held in Washington on April 1 of this year. Thus 
the plant pathologist and the plant breeder w^orking on both 
the pathogen and the host may get ahead of the mutable 
rust races by causing the rust to mutate prematurely and 
then develop strains resistant to tliose races. The dev’^elop- 
ment of disease resistant strains by radiation seems destined 
to play a major role in plant breeding of the future. 

The Brookhaven Program 

And now I should like to tell you briefly of some of 
the radiation experiments at the Brookliaven National Labo- 
ratory, especially as they relate to corn. (I am sure you will 
not be siH-prised to hear a few words about corn.) Actually 
our program witli corn has been more in the nature of 
obtaining fundamental information about induced mutations 
than in developing better strains of corn. In the long run, 
this seems a wise policy, because we have gained informa- 
tion as to how radiation can be used most effectively in 
producing mutations, not only in corn but in other plants 
as well. 

Most of the mutation work has been with endosperm 
characters, because of the ease and certainty of detection and 
because of the large populations that can be so readily 
obtained. Considerable time and effort has been devoted to 
the study of chronic or continuous gamma radiation on muta- 
tion rate. This was possible by using a radioactive source of 
Co®®, a good source of Ixighly penetrating gamma rays. 
The Go®® source was set up in the middle of a field and 
plants grown in circle around it. Thus, we reasoned, it was 
possible to hit the most sensitive period in the life of the 
plant, no matter when this sensitive period occurred. There 
is a fallaq’ in this reasoning which I shall tell you about 
presently. Nevertheless, since the field, with modifications, 
has been in operation for 6 seasons, much has been learned 
regarding the induction of mutations in growing plants. 

First of all we learned that endosperm mutations can be 
produced in abundance, especially at the higher doses, in 
excess of 200 r/d. The increase in mutation rate with 
increased dosage is greater than would be expected if the 
relationship were linear. Secondly, there was a threshold, 
somevv^liere between 20 and 40 r/d, below which there was 
no increase over the control rate. Incidentally, we kxirned 
that the accepted spontaneous mutation rate in make is 
about 100 times lower than the actual spontaneous muta- 
tion rate. The actual rate is in the order of 5 to 10 per 10'^ 
gametes instead of pet 10® gametes as commonly accepted. 

Also, tlirough a fortunate accident, we learned that there 
is a comparatively short time between the induction of the 
mutation and pollen shedding. learned this when, -in 
the summer of 1952, due to a mechanical failure of the 
mechanism that operates the radioactive Co®® source, it stayed 
down in the lead "'pig’' in the ground for a week with no 
radiation present in the field. The mutations dropped off 
rapidly following the accident and returned promptly when 
the source was put into operation again. 
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Period of Sensitivity 

In the siunmer of 1953 an experiment was planned to 
determine accurately the stage in the life of the plant most 
sensitive to radiation. The criteria used in this study were 
i a number of endosperm mutations and pollen abortion. It 

i should be remarked here that the corn plant is almost ideally 

i suited to an experiment of this type, since there is a com- 

■ paratively long period, of about 2 weeks, between meiosis 

I and pollen shedding. 

A large number of plants were grown in 12-quart pails. 
Two uniform inbreds, BNL 1 and BNL 130, were used in 
this experiment. The plants made a satisfactory uniform 
growth in the pails. Shortly before the stage of meiosis was 
reached, 4 plants of each inbred were removed to the field, 

! and placed in the 6-meter circle where the radiation received 

was approximately 1,300 r/d, a dose that previous expe- 
’ rience had indicated would be effective in producing muta- 

! tions. These plants remained in the field for 1 day only, 

t Each succeeding day a new batch of plants was moved to 

the field. This program was continued until pollen shedding. 

At the conclusion of the radiation part of the experiment, 

i pollen was collected from each group of plants and placed 

il on silks of a recessive stock grown in a field with no radia- 

ii tion. The stocks radiated were all dominant so that we were 

i-i studying the mutation rate from dominant to recessive for 

ji the endosperm characters su, pr, shwx and r located in diro- 

: mosomes 4, 5, 9 and 10 respectively. 

;; Some rather striking results were obtained. In the first 

; place 1 day’s radiation at 1,300 r gave higher mutation rates 

I; (about 3% per gene) than any previously obtained with 

dironic radiation, although plants had been subjected to 

■ 230 r/d for their entire life and 415 r/d for the period 
from meiosis to pollen shedding. Secondly, there w^as about 

I a 15 fold increase from the lowest point, just before meiosis, 

I to the period about 1 week before pollen shedding. Follow- 

ing this maximum there was a sudden drop of the muta- 
tion rate as measured in the practically mature pollen. 

I And lastly, the period of meiosis was the most susceptible 

j to pollen damage. Where the plants were radiated at meiosis 

; the percentage of normal appearing pollen was less than 

! 5% wfith scarcely any pollen functioning, as evidenced by 

i' a very low seed set W'ithiii a week after this period, the 

!' pollen was hardly distinguishable morphologically from nor- 

|j mal, wfith good sets of seed being obtained. 

f High Radiation for Short Period 

it These experiments have demonstrated conclusively that 

; mutations can be induced most efficiently by subjecting the 

1 plants to a fairly high radiation for a short period — ^provided 

; this period is a sensitive one. For corn this occurs about 

j! 1 week prior to pollen shedding, but definitely after meiosis 

|;‘ which is the pollen sensitive period. Since the pollen is so 

easily destroyed when radiation is applied at meiosis, it is 
1 ^; necessary to get beyond meiosis before putting the p»lants 

I' in the radiation field. This explains the fallacy referred to 

i, earlier, of growing the plants for their entire life in the 

radiation field since the pollen is destroyed at meiosis, long 
before the sensitive period for the production of mutations. 
Perhaps mutations are induced at meiosis the same time the 
[; pollen grains are killed but a mutation in a dead pollen grain 

j; is of no use in plant breeding! 

j| ; ; Although we have used only corn in the study of the 

i most effective stage for producing mutations, it seems logical 

■ to assume that in other plants die same stages might prove 

1 . susceptible to change by radiation. 


It would be well to grow any plants to be mdiated in 
flower pots or pails and" move them to the radiation field 
shortly before pollen in shed. With plants blooming o\er 
an extencled period, different stages can be radiated all at 
one time and flowers can be tagged with the date of open- 
ing after the plants are removed trom the field. Thus a radia- 
tion field can be used for a wide variety oi crops and many 
radiations can be made in the course of. a summer, bor 
maximum efficiency in inducing mutations pianis sbmld no: 
be grown in ibe radhuhn ffeld but moved in for a short 
time only. 

In other words, we use a .source as a tield irradiation 
machine.” Rather than grow plants around the source ior 
their entire life, a mudi greater number of ^plants is brought 
temporarily near the source for short periods ot time during 
a summer. Looking ahead into the iutiire, since it is not 
necessary to treat many plants at any given time, the high 
doses can be obtained by placing the plants comparatively 
near a small source rather than in larger circles in a field 
with a big source. Consequently a huriy small source can be 
used quite effectively for producing inutatiiins. 

While tile present source of in the Brookhaven 

Radiation Field is approximately 1,600 curies, we believe 
that 10%, or a stiurce of approximately 150 curies, would 
be iimpie for most purposes. High doses can he obtained 
by placing plants dose to the source. The dosage increases 
rapidly as one approadies the source due to the inverse square 
law. For example, the dose at I rnetef' is iOO times that: at 
10 meters. 

Somatic Mutations 

In addition to gametic mutations there is considerable inter- 
e.st in producing mutations in vegetati\xdy propagated species. 
We have a rather large planting of orchard crops such as 
apples, peaches, grapes, blueberries, etc. in our radiation 
field, planted tliere with the hope of producing bud muta- 
tions. Such mutations could then be propagated vegetativdy 
and a new variety established immediately. Already se\'eral 
cases of a red carnation have been found folknsing the radia- 
tion of the White Sim variety. Also, strains uf White Sim 
have been developed without the chiUvicteriHtic red fiecks or 
’'sinus blotches” along the margins of a small pcrientage of 
the petals., This new type which we cal! a Blotchiess Stni 
has already attracted the attention of the carnation growers 
and may be the first variety resulting fron> a somatic muta- 
tion induced in our radiation fieki. These efiVcis just noted 
w^ere produced by rather high doses of radiation— about as 
high as the plant would stand for a prolonged period. 

In corn we can also study the effect of radiation on somatic 
mutations using the pericarp gene (P). Popcorn hybrids 
heterozygous for the pericarp gene (P/'p) Were grown in 
the radiation field, planting from the 15 meter row" with 
radiation of 180 r/d to a distance of 175 meters with ies.s 
than 1 r/d. Ears from tliis experiment have been harv^ested 
and will be .scored for mutations. In addition to these plants 
some 72 plants w^ere growm in pails and divided into 18 
groups of 4 plants each. Beginning wdien the ear primordium 
was less than 1 inch long, 2 of these groups of 4 plants each 
were moved to the field for a radiation of 2 days eacli at 
doses of 500 and 1,000 r/d. This program continued until 
after the corn plants produced silks. 

We w-'cre interested, but not surprised, to find that in 
plants grown in these pails a rate of somatic mutations wvis 
found that exceeded by far any previously found somatic 
mutation rate. So it appears that somatic mutations, like 
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^aoiv:t}C ones, uia be produced in abundance, provided the 
sensitive period is known. It is anticipated there will be 
considerably more diliicuity in determining the sensitive stages 
ie)r soneitic or bud rnutations than for gametic ones. The 
plant breeders will liaw to know their niateriai, even more 
exactly than has been necessary heretofore. 

It should be mentioned liere that Dr. Ingvar Granhall, 
at the BaLsgard Fruit Breeding Institute in Sweden, has been 
using chronic gamma radiation in comparison with X-rays, 
fast neutrons, /T rays and thermal neutrons in the study of 
somatic mutations in iruir trees. His Co’’*' source the first 
year was 2 curies w’hich was increased last year to 20 curies. 
With these small sources it was ntax-ssar}’ to place the mate- 
rial radiated very dose to the source to secure an effective 
dose. After studying the various types of radiations men- 
tioned Granhall concluded that ’The y radiation from a 
source, finally, seems to offer the most adaptable way of 
treatment. If strong enough, it can be used for easily con- 
trolled and measurable short-time or long-time irradiations 
wirliout applying any disrurhing indsions." 


SUMMARY 


Radiation lias been known to produce mutations in plants 
and animals i‘of mort: tlian a quarter of a century. It was 
Muller vvlio first suggested tliat radiation might be useful 
for the practical breeder, Tire practical applications of radi- 
ation induced mutants in plant breeding were first made in 
Sweden by tlie late Dr, H. Nilsson-Bhle and Dr. A. Gus- 
tafsson, who secured many mutants of barky having stiffer 
stimv and some strains higher yielding than the parental 
strains, also definik ea;>t)^pes for high and low nitrogen 
fertilizer, strains shorter and taller than the parent, also 
earlier and later strains. In this country pnicticaily all plant 
breeding using radiation \wis initiated following the war 
when isotopes became plentiful and the use of radiation 
more common. 


Some of the most outstanding developments have been 
the higher yielding strain of peanuts, also peanuts resistant 
to leaf spot developed by Dr. Walton C. Gregory; the rust 
resistant strains of oats developed by Konzak and by Frey 
and the change of a white carnation to red by radiation, 
also the development of a White Sim variety of carnation 
with no sinus blotches. 

By studying mutation rates in our "Portable Corn Field" 
we ha^x- learned the stages in pollen formation that give the 
highest percentage of mutations, also the stages to be 
avoided (meiosis) because of its extreme susceptibility to 
pollen damage. Also it has been shown that somatic muta- 
tions in corn can be produced abundantly by use of the 
portable corn field. The most logical way to produce muta- 
tions, either gametic or somatic, is to move the plants to 
the radiation field for a short period of high intensity radia- 
tion. "‘This is not only logical; for many reasons it is bio- 
logical! By using a source as a field irradiation machine, 
rather than as the center of a field where plants are grown 
for their entire life, the source is much more efficiently 
used and can be used to treat a much greater number of 
plants during a summer. Since it is not necessary to treaty 
many plants at one time, the high doses can be obtained 
by placing the [slants comparatively near a small source rather 
than in larger circles in a field with a big source^. Conse- 
quently a fairly small source can be used quite effectively 
for producing mutations. While the present source of Co’’-' 
in the Brookha\'en Radiation Field i.s approximately 1,600 
curies, we believe that 10% of that would be ample, or a 
source of approximately 150 curies. Such a source, while a 
radiation hazard, does not require the elaborate precautions 
taken to guard against injury when using the big kilocurie 
source. Thus it becomes more feasible for other investigators 
to set up radiation fields in other sections of the country and 
thus increase the speed with which we are able to put atomic 
energy to work for agriculture. 


High Altitude Meadows in Colorado: III. 

The Effect of Nitrogen Fertilization on Crude Protein Production’ 


Forrest M. Willhite, Hayden K. Rouse, and David E. Miller- 


A’ 


LARGE [Moporfion of hay from high viltitude meadows 

is produced w'ithout nitrogen fertilization and harvested 

at late stages of maturity. As a ixsiik, the hay may contain 
low percentages of crude protein. The production of beef, 
especially from the standpoint of a cow'-calf set-up, which 
is common in the high altitude rneadow' areas oi Colorado, 
is closely related to crude protein production. In these areas, 
where Winter feeding is essential for up to 180 days, it is 
usually necessary to feed protein supplement with the low 
protein hay in order to maintain a good breeding herd and 
have a satisfactory calf crop.*' Many ranchers supplement the 


' Joint contribution of the Colorado Agr. Exp. Stii. and the 
Western Soil and Water Management Section, Soil and Water 
Conservation Research Branch, A.R.S., U.S.D.A. Authorized by 
the Director of the Colorado Agr. Exp. Sta. for publication as 
Scientific Journal Series 450, Rec for publication Aug. 26, 1954. 

‘’^Agronomist, Colorado Agr. Exp. Sta. and U.S.D.A.; Irriga- 
tion Engineer, U.S.D.A.; and Soil Scientist, Colorado Agr. Exp. 
Sta. and U.S.D.A., respectively. 

® Morrison, Frank. Feeds and Feeding. Morrison Publishing Co., 
Ithaca, N. Y. 1948. 


hay ration with from ().2 to 0.8 poiniids eff* crude protein per 
da}^:' for each animal. 

This paper reports the results of an experiment conducted 
on a high altitude meackwv in Colorado to determine if the 
need for large amounts of protein supplement could be par- 
tially eliminated through increasing protein prodiiction on 
the .ranch by application of high rates of nitrogen fertilizer. 
Since grasses constitute a major part of the forage plants in 
the high regions and generally respond well to applied nitro- 
gen, it seemed reasonable to assume that the meadows would 
show large responses to high rates of nitrogen fertilizer. 

The literature on effects of high nitrogen levels on grasses 
grown at high elevations and short growing seasons is limited. 
On the other hand, much work has been done and is under 
way on grasses grown at low elevations, where the growing 
seasons are much longer. Burton and DeVane** give an excel- 
lent review of the literature on this subject. 

Burton, G. W., and DeVane, E. H. Effect of rate and method 
of applying different source.^ of nitrogen' upon the yield and 
chemical composition of Bermuda grass Cymdon dactyUm (L.) 
Pers., hay. Agron. Jour. 44:128-132, 1952. 
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Fig. 1."— Tons of oven-dry hay (70"' C.) per acre as aRected by 
rates of nitrogen fertilization and harvest practices, 1952. 


Rouse et d,^ found little or no increase in protein yields 
in the regrowth after an early initial harvest from nitrogen 
applied in the spring at rates up to 160 pounds per acre. It 
is possible that higher rales of nitrogen might result in in- 
creased growth in the aftermath as well as the initial harvest 
and so increase the total crude protein production. 


nontreated areas to a dark green where 960 pounds of nitrogen 
per acre had been applied. Oo phis receiving less than 320 pounds 
of nitrogen per acre the regrowth devd»)p^:%i nitrogen ddickiicy 
symptoms, but these symptoms did not develop where higher 
rates had been applied. / 

■In mid-October of 1952. following the late ■and aftermath har- 
vests, regrowth on the plots treated with 520 or more pounds of 
nitrogen^per acre weis greater than on the areas receiving lesser 
amounts. Where 640 or 960 pounds of nitrogen per acre had 
been applied, the regrowth grass was about 4 to 5 inches high 
compared with approximately 1 inch on the nontreated plots. 

In the early spring of 1955, temperatures dropped 1:selow freez- 
ing each night. Under this ct>oclition, the areas xeceiving 640 or 
960 pounds of nitrogen per acre the previtHis spring had prodiK.vvl 
a grow'th of about ’3 inches by April 15, while tire other plots 
apparently remained , dormant. Spring grosvth appeared to he 
greater on the areas where late Iiarvesting had been practiced than 
on the early harvested plots, althtuigh. this difference w'as less 
pronounced at the high rates of nitrogen. 

Clovers constituted . an appreciable anuaurt of the forage on 
the nontreated plots. Grasses were stiiruiiated In; nitrogen fertili- 
zation to such an; extent that clover' gfcnvtlr’\vas suppressed. Where 
320 pounds or more of nitrogen per acre liad lx:C‘n applied, 
clovers vvere alirujst eliminated. 

RESULTS’ 

Although yieid.s of -crude prvildn arc. i;:n'Vph;'isi?.ed in this' 
paper, brief discussions of the effect oi high rales . of nitrogen 
fertilizer on yields of hay and crude protein percentages are 
also 'given,. 

■Hay Yields 

The liay yields within the cxperinicntal area were much 
less in '"1953 than' in, 1952. This is 'probaWy due in- part, to 
a colder and later grenving SCUM in in luis. 


MATERIALS AND METHODS 


EiU'[a:T OF NriRC-K^^ Liti.l.s Applu u i.\ 1952 Only 


The experiment was conducted near Gunnison, Colorado, during 
1952 and 1953 within the coniines of a larger experiment initiated 
in 195tL‘ The area selected had been subjected to sprinkler irriga- 
tion and early harvesting in 1950 and 1951. 

A split plot design was used wherein each of eight levels of 
nitrogen were split and two methods of harvest employed. Nitro- 
gen levels were completely randomized in each of four replica- 
tions. The size of the main plots was 6 by 30 feet; of the split 
plots, 6 by 15 feet. The entire area received approximately 500 
pounds PuOr, per acre to eliminate phosphorus as a pccssible limit- 
ing factor. 

In 1952 urea wms applied broadcast in early spring at the rates 
of 0, 40, 80, 160. 320, 480, 640. and 960 pounds of nitrogen 
per acfe.^ Nitrogen rates of 16() pounds per acre or le.ss were 
applied in a single application, wliile the Irigher rates were 
applied in split applications, to avoid burning of the foliage. 

In 1953, the harvest plots were further divided into subplots 
6 by 71/2 fc*et. One half was left untreated to study the residual 
effects of the 1952 nitrogen applications, and the other half was 
again fertilized with nitrogen on the same basis as in 1952, 

The two methods of harvest studied in both years were an 
early harvest, (about July 7) and a late harvest "(about August 
27). The aftermath on the early harvest plots was cut at the time 
of the late harvest, 

^ The plots were sprinkler irrigated wlien the soil moisture ten- 
sion reached 300 cm. of water at a 6-inch soil depth. Approxi- 
mately 9 inches of irrigation water were applied each season. 

Yields of hay and percentages and yields of crude protein w^ere 
determined for both years. Crude protein was determined by the 
Kjeldahl procedure designed to recover only the organic nitrogen. 


General Observations 


High rates of nitrogen did not result in serious burning of 
the vegetation either year. The grass, in mid-summer prior to 
early harvest, ranged in color from a yellowi-sh green on the 


, ^ Rouse, H, K,, Willhite, F. M., and Miller, D. E. High alti- 

tude, meadow in Colorado-—!. The effect of irrigation on yields 
and quality of hay. Agron. Jour. 47:36-40. 1955. 



19^2 results.- "Hay yields were iiiirtascd by ascending 

nitrogen rates up Id 160 pounds per acre in lx>th the early 
harvest and late haiTest { figure 1). Increasing nitrogen be- 
yond I6() pounds per acre did not result in significantly 
greater hay yields in either of these harvests, llie aricrniath 
did not show a response i;o nitrogen rates bdow 320 pounds 
per acre, and the greatest yield was iibtaincil fri>in the 640- 
poiind rate. 

/.953’ results (reshlud fjf lOSj .flilkdthus'h 

Residual effects of nitrogen applied in 1912 were no! sig- 
nificant in 1953 at rate.s below 160 pouiuls per .uix in the 
earU harvest and 320 pounds per acre in ihe lute harvest 
(ligure 2). Increased rates of nitrogen lv\'ond the abnve 


■LATE HARVEST 


EAHCT HARVEST PiUS AFTERMATH 
(. 06 } 



0 40 80 160 320 480 640 

POUNDS NITROGEN APPLIED PER ACRE - 1952 


'MO." 


Fig. 2. — -Ions of oven-dry hay (70^ C.) per acre obtained in 1953 
as affected by rates of nitrogen applied in 1952 and by harvest 
practices. 
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rates ^i^cneralJ} resuhL-d in greater hay yields although large 
rate dilTerenecs wtiv required tn sliow a signilicant yield 
lieutge, Tliere were no signilkani residual efteas in the 
aherniaih. 

EFFEcr OF Nri'iuxU'-N 'LFVFI.S Applied in 1932 
AND Reapplied in 1933 

I9!>3 re.y^J/j..—A significant yield increase o\'ei the no 
ireatinent was obtained by applying tSD pounds or more nitro- 
gen per acre to the early harvested areas and 160 pounds 
per acre or ti? thu late harwstev! areas (figure 3), The 
aftermath requirc-tl -IBO jx)unds of nitrogen per acre to give 
a response.' Increasing rates of nitrogen up to 640 pounds 
per acre generall)’ resuiled in higher hay yields in all har- 
vests, but large rate increases were requiied to produce a sig- 
nificant dilference. The yields from tin o i()-poiind treated 
plots were generalh’ larger tlian from dk 90()-poiind treat- 
ment, although ihe diiference was significant only in the 
early harvest. 

Crude Protein Percentages' 

HrFEcr OF Ia-vuis of NrniotiFK' Aitlied Only in 1952 

1952 mev/Ac- Crude proiei it percentages were, .nor in- 

creised, com|\ircd to no treatmear, b}' rates of nitrogen fer- 
Dh/Uion below 160 pounds pci: acre for ilie early harvest, 
6 in pouikls fiir the aflernuili. .md 320 pounds for the late 
hu\c>t (tigiire 4). Inuoasing the rates of nitrogen beyond 
rhese imount's r;sulted in iiureaset! protein peiventages, 
although Lirgi- rate diftereiues necessary to obtain sig- 
nificant protein changes. 

1953 T1ie dal^ p,i.eseii'ted . in figure 3 show that, 
in general^ nitrogen fertilization tended to depress protein 
percentages in all harvests, compared to no treatment. This 
tendency is probablv a resiili: of less cio\er growth w'hcre 
nitrogen had been appHed, Large applications of nitrogen 
are apparently necessary to have a residual effect <)n the pro- 
tein in the grasses sufikient to offset the absence or clovers. 
The 960- pound treatment was tiie cmly one to yield forage 
significantly liiglier in protein than that from the no treat- 
ment an any i>f the harvests. 
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Fig, 3,- — ^Toos of oven-dry hay (70"’ C.) per acre obtained in 1933 
as affected by rates of nitrogen applied in both 1952 and 1953 
and by harvest practices. 
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Effect OF Nitrogen Levels Applied in 1932 
AND Re APPLIED IN 1933 

1953 m/ilfs . — -Protein percentages were somewLat de- 
pressed by addition of 40 to 80 pounds of nitrcigen per acre, 
compared to no treatment, for all harvests although it was 
significant only for 80 pounds in tiie late harvest (figure 6). 
The protein percentages in the aftermath from the I60 pound 
treated areas were significantly lower than from the no 
treatment. Application of 320 pounds or more of nitrogen 
per acre significantly increased the protein percentages over 
the no treatment in the early and late harvests, while 640 
pounds were required in the aftermath. Tliere were no sig- 
nificant differences betw'een the 480, 640, and 960 pound 
rates of nitrogen in the early and aftermath harvests or 
between the 640 and 960 pound rates in the late liarvest. 



Fig. 4.— Percent crude protein in hay as affected by rates of nitro- 
gen fertilization and harvest practices, 1952. Data based on 
hav oven-dried at 70° C, 



Fig. 5. — Percent crude protein in hay obtained in 1953 as affected 
by rates of nitrogen applied in 1952 and by harvest practices. 
Data based on hay oven-dried at 70° C, 
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Yields of Crude Protein 

Effect OF Levels gf Nitrogen Applied Only in 1932 

1952 results— Yields of crude protein were greatly in- 
creased over the no treatment by the high rates ot nitrogen 
in all the harvests, as is shown in hgiire 7. The 960-pound 
rate of nitrogen did not give protein yields significantly 
higher than the 640 -pound rate, except in the early harvest 
Application of 40 or SO pounds of nitrogen per acre did 
not result in significantly more protein than did no treatment 
except in the early harvest* Significant responses were gen- 
erally obtained from 160 pounds or more of nitrogen. The 
legume growth on the non-fertilized plots apparently pro- 



POUNDS NITROGEN APPLIED PER ACRE EACH YEAR - 1952 and 1955 

Fig. 6.— Percent crude protein in hay obtained in, 19!>3 as afFected 
by rates of nitrogen applied in both 1932 and 19*^3 and hv 
harvest pfactices. Data based i>n hay oven-dried at 10 '' C. 
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FlO._ 7. — Pounds of crude protein per acre as affected by rates of 
U, nitrogen fertilization and harvest practices, 1952. Data based 
' , on hay oven-dried at 70'' C. 


diiced as much protein .is was obtained from fertilizing with 
80 piaunds of nitrogen per acre where the incre.ised, grass 
growth had depressed the clovers. No significant response 
was obtained in* the aftermath until 32f) pounds of nitrogen 
had been added. 

1953 results . — Significant differences owr the no treat- 
ment were achieved only at relatively higli rates of fertiliza- 
tion; 320 pounds per acre for early har\'est, 960 pounds 
for aftermath, and 480 pounds for early liar\est plus after- 
math and late harvest. The 960-poiiiKi rate produced signifi- 
cantly more protein than any other rate in alt iiarvests except 
the af terrnath. 

A summary of the residual effects al rlie 1932 nitrogen 
applications as observed In 1933 is given in figure 8. 

Effect of NiiRGcn-N Levels Apfuitd in 1932 
AND Reappued in 1933 

1953 "-Reapplying nitrogen in 1933 at the same 

rates applied in 1932 gave results similar to, those obtained; 
in 1932 in that nitrogen fertilization iocreased' protein pro- 
duction, especially at high rates (figure 9). Increases were 
not as large as were obtained in 1932. 

Reapplied nitrogen in tite following rates was retjuired 
to produce significant increases in yiek! vif prolein, as com- 
pared to no treatment; early liarw.st - SO jxninds; aftermath 
- •480 pounds; csirly liarvest jdus atlernEiili and late har- 
vest™ -160 poiiiKls. The 640 pouful r.ue produced signifi- 
cantly more protein than any lower rate, llie difference 
bet’cvcen the 640 and 960 pound raies w.iro not signiticaiu 
in any harvest. 

Comparison of Eqiial .Total A^^c)t;K'rs of Nitroc.ek 
Applied Annually and Biennially 

Over the 2-year period, 1932 and 1933, comparisons are 
available showing die effect of appl}a4ig gi^en rates of nitro- 
gen in 1932 only and applying the same total amount of 
nitrogen one-half in 1932 and tlie rest in 1933. The nitro- 
gen rates compared are given in table 1, 

In these comparisons, crude protein yields fnr the 2 years 
are combined, A sumniarv of tliese comjMrisons is gi\'en in 
tigure 10 for early har\est plus aftermath aiul late Jiarvcsu 

hi both the early haoesi' plus aftermath and late liarvesr, 
increasing the rates of nitrogen re.siilfed in increased yiidds 



Fig. 8,— -Puun(jls of crude protein per acre obtained in 1953 as 
affected by rates of nitrogen applied in 1952 and by harve.st 
practices. Data ba.sed on hay oven-dried at 7tV‘ C, • . 
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POUNDS NITROGEN APPLIED PER ACRE EACH YEAR “ IS5E ond !SS3 

Fig. 9. “Founds r>f crude protein per acre obtained in 1953 as 

affected by rates of nitrogen applied in both 1952 and 1953 
and h)’ iiarvest practices. Data based on liay civen-dried at 70" C. 

of crude [Troteiit. In tiic early har\est plus aftermath the 
total yield of protein obtained from applying nitrogen fer- 
tiliser cveiy^ other year was signihcantly greater than that 
obtained by ’ap|d.ying one half 'the total amount: each year. 
The difference between annual and biennial applications in 
the late cut was not significant. Tlicre were no significant 
interactions betw^een rates of nitrogen and annual and bien- 
nial applications. 

■ DISCUSSION 

The data in rigiire 10 indicate that nit n:)gen fertiliser may 
be successfully applied every other year rather than annu- 
ally. It should be recognized, lK,)wevei\ that the yields ot 
crude protein obtained from a biennial application will prob- 
ably be nuicli fircdier in the }'ear nitrogen is initially applied 
than in the following year. Tins means tliat to have a more 
or less uniform protein production f rot n year to year, with 
biennial fertilization, one half of fhe hay producing area 
should be fertilizvcl ijiiv year atid the otl'ier halt fertilized 
the next year. The clata presented here were obtained under 
conditions of coiilnillecl irrigation., and probably do not 
apply to areas that follow excessive irrigation practices. 

It wdll be noted from the data presented in figures 7 to 
10 that the prof ein production frorn the early harvest plus 
its aftermath is much greater than from a late har\'est. Tlii.s 
indicates the necessity of utilizing a two-harxest system in 
order to obtain the full bcneiit of nitrogen fvrtilizaiioo. 

Table 1. — Rates used in comparing biennial and annual 
application of nitrogen^ 1952-1953. 


Application 


Annual 

1952 .. .. 
1953.-.. 

Biennial 
1952. „ 

1953.. 


Rate t pounds ) 


0 40 80 160 320 480 

0 40 80 160 320 480 


0 80 160 320 640 960 

0 0 0 0 0 0 


BIENNIAL APPLICATION (oil N in 1952) 
ANNUAL APPLICATION (one half N «och year) 


' EARLY HARVESTS 
PLUS AFTERMATHS 


■^LATE HARVESTS 


TOTAL POUNDS NITROGEN APPUED PER ACRE - 1952 plus 1953 

Fig. H). — Total pound.s of crude protein produced in 1952 and 

1953 as affected by rates of nitrogen fertilization and annual 

and biennial application of the nitrogen. 

Tlie data indicate that a combination of high rates of 
nitrogen fertilization and good management practices sucli 
as controlled, interniittent irrigation, and a two harvest sys- 
tem may resirlt in a substantial reel uction in the ranchers' 
oiitki)' for purchase of protein supp'lement. However, man\' 
detaiis such as the animal utilization of the protein, and 
general applicability of the experimental data, must be 
worked out before any recommendations can be made. 

SUMMARY 

High rates of nitrogen ranging from 0 to 960 pounds 
per acre vi'ere applied to a mountain meadow near Gunnison, 
Colo., in 1932 and 1953, and their effects on hay and crude 
protein production were studied. The residual effects of the 
1932 applications were studied in 1953. In addition, a two 
harvest system (early harvest plus aftermath) and a late 
harvest were compared. 

Fla)' yields were greatly increased by nitrogen fertilization. 
The highest rates of nitrogen gave the greatest residual effect.s 
the year following application. 

Protein percentages were generally increased, by rates ot 
nitrogen of: 320 pounds per acre or greater. A tendency : 
towTird decreased protein percentages from tlie low nitrogen 
rates wvis observed. 

An applicativ>n of 160 pounds or more nitrogen per acre 
was generally necessary to obtain a significant response in 
protein production in the year nitrogen was applied. Increased 
protein production was obtained by increasing nitrogen rate.s 
to 640 pounds per acre. Significant re.sidual effects were 
obtained in 1953 only at rates of fertilization w'hcre 320 
pounds or more nitrogen per acre had been applied in 
1952. The application of 960 pounds of nitrogen per acre 
in 1952 gave the largest residual effect in 1953 of any of 
the rates .studied. 

A biennial application oi nitrogen fertilizer was as good 
as or better than an equal total amount of nitrogen applied 
annually at rates of one half the total amount each year, 
as measured by total protein production for a 2-year period. 

A two har\^-st system is apparently nee'essary to obtain full 
benefits of the high rates ot nitrogen fertilizer. 
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Inheritance of Seedling Reaction to Races 7 and 8 oiPuccinia 
graminis avenae Eriks, and Henn. at High Temperature 

in Three Oat Crosses 

F. K. S. Koo, M. B. Moore, W. M. Myers, and B. J. Roberts- 


T hree major types of stem rust resistance, namely the 
White Russian, Richland, and "Canadian” types, have 
been extensively used in oat breeding programs tliroughout 
the United States and Canada. 

At high as well as moderate temperatures, the White 
i : Russian type, indudlng Iowa D6.9, is responsible for resist- 

' ance to races 1, 2, 5, 8, 9, 10, and 11 of Puccinht gramrms 

; ■ avenae while the Ricliland type, including Rainbow, is re- 

'• sponsible for resistance to races 1, 2, 3, 5, 7, 7A, and 12. 

The "Canadian” type, represented by the selections vSuch as 
Hajira-Joanette (R.L, 811) and Victorla-Hajira-Banner 
' (R.L. 1276), provides resistance at moderate temperature to 

ail known races except race 7 A. The factors for resistance 
of the iirst two types were found to be allelic by Smith (4), 

I Cochran el d, (1), and Litxenberger (3), while the factor for 

tlie "Canadian” type w'as showm by FootU’ to be inherited inde- 
; pendcntly from that for either of the iirst two types. Recently, 

Welsh and Johnson ( 5 ) reported that some selections derived 
! from crosses involving Hajira carry two genes for resistance 

to all known races except 7 A while others have three genes 
for resistance to all races including 7A. From their results, 
i; they concluded that the gene A, which conditions resistance 

f to a group of races, including race 7 A, is of the Richland 

! ■ type and that the other tv'O genes, B and C, whidi together 

I : are responsible for resistance to all knowai races except 7A, 

: are associated in inheritance. They further suggested the pos- 

r sibilit}' that gene C alone causes resistance to all races except 

7A, It so, it is analogous to the "Canadian” factor of Foote,” 
and Kehr, ef d. (2). Studies at Minnesota, reported by Koo 
et d,;^<-' have shown that all three types of stem rust rcsist- 
i • anc:e are combined in selections made from the cross [Land- 

hafer X (Mindo X Hajira^Joanette)] X Andrew. This 
j'i; rinding has led to a reconsideration of the hypothesis of 

i;y allelism of the factors for llie White Russian and Richland 

4 types of resistance. 

i ' Three new crosses were made between one of the selec- 

tions carrying combined resistance and three varieties, An- 
. drew, Clinton and Gopher, for a study of the nature of this 

i"-: . combined resistance and its mode of inheritance. Results of 

I' ^Contribution from the Agronomy and Plant Genetics Dept. 

Ijv ■ and the Plant Pathology and Botany Dept., Univ. of Minnesota, 

1 , , cooperating. Paper No. 3229, Scientific Journal Series, Minnesota 

Agr. Exp. Sta. Rec. for publication Aug. 26, 1954. 

I The writers are indebted to Dr. H. K. Hayes, former chief 
of the Department of Agronomy and Plant Genetics, University 
of Minnesota, who, along with others, Erst made the selections 
' carrying the combined resistance, later set up the crosses for the 

i j; , present study, and has shown continuously his great interest in 

this problem. 


this study have been briefly reported by Myers ef d/* In this 
paper a more complete account of the I'esiilts will be 
presented. 

. ' MATERIALS . AND METHODS 

The selection with combined resistance derived from the cross 
[Landhafer X (Mindo X Hajira™Joane«e)] X Andrew, and 
designated in this report as LMHJA, was crossed with Andrew, 
Clinton, and Gopher. The crosses were made in the summer of 
1952 and the Fi and generations were grown in the green- 
house during the winter and spring rd 1952-53. Tests of seedling 
reaction to races 7 and 8 of stem rust at high temperature {85" F. ) 
of the F:i lines of the 3 crosses and the part-ntal progenies were 
carried out in the greenhvuise in fall and winter c^f 1953. Tlie 
material was first grown at 72" F. until the serdhngs fully K.iJied 
the host leaf stage (about 7 days aftei planting k At that stage 
they were inoculated with 1 race, intubated o\n night foi a penod 
of 16 to 20 hours at 70'' F., left fot I more tlay at 'W F., and 
then were grown at 85''’ F. After about 12 to id days, wdien the 
rust was fully developed, notes weie taken auonling hi the 
standard scheme for dassifkation of infer ti<»n lypts. Fnin vandties, 
namely Andrew, Bonda, FIajira~Toanetti\ autl Vutoiia Hajita’ 
Banner, were used as the cheeks in each test. 

With only occasional exceptions of intcrmedialt types, plants 
inoculated with race 7 were classified for ri.iction as type I, 1-p, 
or 4, and tlK)Se inoculated with race 8 weit,.- i lassilied for reac- 
tion as type 2 or 4, Plants with type 1, l-p, or 2 were considered 
resistant and those with type 4 susceptihie. M.mts with no infec- 
tions were designated as "escapes. Each seedling was marked 
as to reaction type so that the relationship of reaction to races 
7 and 8 could be made on an individual plant basis, fn most cases, 
betw^een 15 and 20 plants were ciassifted fi»r each line. Lines 
with less than eight infected plants were discarded. 

After reaction to the first race was recorded, the leaves were 
clipped off and the plants were allowed tii grow hack at 72"’ F. 
About 4 to 5 days later, thtv were inoculated with the other 
race. Inoculation, incubation, and record taking wviv carried out 
as with the Erst race. 

Table 1. — Seedling reactions of plant progenies of LMHJA, 
Andrew, Clinton and <h>phef to races 7 and H 
of Puccinia graminis avenae at 85^ F. 


Parent 


Beofiliiiy: re 

aution to 

No. ■ ■■ 

- 

; — 


ProgenioK 

■ Race 7 ■■ ■' 

■Race 8 


4 .,.,.: ■ 4S 

’lU'' 

R 

Andrew, 

10 

R 

'S 

St 

Clinton 

IS 

R 

S 

Gopher 

17 

■ .s . 



* R = resistant, 
t 8 == susceptible. 
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The seedling reactions of the 4 parents to races 7 and 8 
of stem rust at 85° F. .are given in table 1. The LMHfA par- 
ent was resistant to both r.ices 7 and 8 as it h.id been in all 
previous greenhouse tests. Andrew was resistant to race 7 
but susceptible to race 8, Clinton was resistant to race 8 but 
susceptible to race 7, and Gopher was susceptible to both 
races. 

"Myers, W. M., Ko(i, F. K. S., Moore, M. B., .and Roberts. 
B. J. 1953 National Oat Newsletter Vol. IV, pp. 44-45. 1954. 
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Table 2.— Seedling reaition.s to rates 7 and 8 of Puccinia gramiais avenae at 85“ F. of E, lines of LMHJA X Andrew 

and LMHJA X Clinton. 


. 

. ■■ ■ . ■. , . 

Cros.s 


■ 

No, of ■ 

F k lines 


used 

Resistant 

Segregating 

Susceptible Total 

LMHJA X Andrew 

7 

145 



145 


8 

43 

70 

32 145 

LMEIJA X Clinton^^^ ; 

7 

39 

87 

30 156 


8. 

156 

— 

156 


P value for 
a fit to a 
1:2:1 ratio 


0.50-0.30 

0.30-0.20 


71ie seedling reactiiins io races 7 and 8 of the F,, lines 
of LMHJA X Andrew .ind LMHJA X Cl 'int'OiT are pre- 
sented in table 2 and that of LMHJA X Gopher in table 3. 

Ill the cross' LMHJA X Andrew, all 143 F.;, lines were 
resistant to race 7 at 83'-‘‘ F., indicating that the factors 
responsible for ivsistance to race 7 were the same in the 
two parents. The ilassifu.auiin of the same 143 F,. lines for 


reaction tt> race H into Rsislant, segregating, and susceptible, 


ga\e a goiK.! fit to a 1:2:! ratio as indicated by a P value 
between OAO and tt. 'UL indicating that tlie react ioiv to race 
8 at 88" F. was governed by a single factor pair. 

In the cri^ss f.MHJA X Clinton, all of 136 F.j lines were 
resistant to race 8 at 83 ’' indicating that the factor from 
LMHJA (ptasusned to he the White Russian fiictor) and 
the one from (.’linton ( Iowa HOO factor deri\ed from Rich- 
laiKl X Greco Ruj^sian cro.ss) for resistance to race 8 cvere 
alJelic. Tlu' saute 136 l\, lines were classified Lir 
to race 7 imfi.) re*.sistant, segregating, and susceptible gioiips. 
A calciilated P \alue between 0.3i) and 0.20 for goodness 
of fit to a 1 :2:l ratio was tibtained, indicating that a single 
factor pair was responsible for reaction to race 7, 

Eighty-five F.,, lines of the cross LMHJA X G^dier w’ere 
classified as resistant, segregating, and susceptible for the 
reactions to races 7 and 8 at 83"^ F. P values between 0.30 and 
0.30 for the classification of reaction to race 7 and between 
0.30 and 0.20 for that to race 8 for goodness of fit to 1:2:1 
ratio were obtained. These results are in good agreement 


Table ^.--'Seedlirig rejutiim of Ei lines of LMHJA X Gopher 
to races 7 and H of Puccima gramlnis avenae at F. 





j Reaction to race 7 

g; 
o . 



'R ’ ■ 

■ . SegA 

y'k' S 

[Total 

o 

■4-» 




No, of F a lines 

! 1 ' i 


.2 

R„ 


26 ! 

I. ' 

' 1 

28'! t: 

■ 'o 

Seg._ . 


1 

. 38 

™™-™, , 

38 

cS 

0 

S™™: 



. ■ '■ j 

19 

19) 

, ^ 

Total . . 

- - 

26 

i ' 

39 I 

20 

— t' ! 

■ ■ ■ ' 1 

85 








* Seg. = segregating fur reaction, 
t P value for a ftt to & l;3:i ratio— O.SO to 0.20. 
t P \'aUie for a fit to a 1:2:1 ratio — O.SO tO O.SO. 


with the assumption that the reaction to each race was con- 
ditioned by a single factor pair. There wais a close associa- 
tion of reaction to the twm races. With two exceptions, the 
lines resistant or susceptible to one race were also resistant 
or susceptible to the other and the lines segregating for 
reaction to one race were also segregating to the other. These 
results indicate that the factors for resistance to races 7 and 
8 were closely linked. The two exceptional lines, one resistant 
to race 8 but susceptible to race 7 and the other resistant 
to race 8 but segregating to race 7, can be explained as 
resulting from crossing over. 

Within the segregating lines of all three crosses, there 
w'as a predominance of resistant plants over the susceptible 
ones. The total number of resistant and susceptible seedlings 
was determined in 70 F.. lines segregating for reaction to 
race S in the LMHJA X Andrew cross and in 87 F.. lines 
segmgating for reicticm^ to in the LMHJA X Clinton 
cross. The results ai‘e presented in table 4. In the farmer 
cross, P was between 0.30 and 0.20 indicating a good fit 
to the theoretical 3:1 ratio, while in the latter P was bet\veen 
0.03 and 0.01, suggesting a significant deviation from expec- 
tation. This deviation was in the direction of an excess of 
susceptible plants. 

For the cross LM'HJA X Gopher, the total number oi 
resistant and susceptible plants in the 38 F., lines segregat- 
ing for reaction to both races is shown in table 3. Value 
of P for goodness of fit to the 3:1 ratio for reaction to race 
7 was 0.30 to 0.30 while for reaction to race 8 it was 0.20 
to 0.10. 

Tliese results substantiate the liypothcsis tliat resistance to 
each race was determined in these cro.sses by a single genclic 
factor XV ith resistance dominant. 

In table 3, it is shown that in the 38 .segregating F,, lines 
of LMHJA X Gopheiv the plants resistant to one race were 
also resistant to the other and the ones susceptible to one 
race xvere also susceptible to the other with exceptions of 
six plants (found in five lines) which were resistant to race 
B but susceptible to race 7 and one plant (found in another 
line) which was resistant to race 7 but susceptible to race 8. 
These results give further support to the assumption tliat 
the genes responsible for resistance to race 7 and to race 8 
were closely linked. The exceptions can be explained as re- 
sulting from crossing over. 


Table 4. — Classification of seedling reactions of individual plants to race 8 in segregating Ei lines of LMHJA X Andrew, 

and to race 7 in that of LMHJA X Clinton at 85'’ F. 


LMHJA X Andrew™ 
LMHJA X Clinton™, 


No. of plants 
Resistant Susceptible 

ms 348 


P value for 
a fit to a 
3:1 ratio 


0.30-0.20 

0,05-0.01 


^ "4 s 
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Table 5. — Classification of seedling reactions of individual plants 
in Fa lines of LMHJA X Gopher segregating for reaction 
to both races 7 and 8 at 85® F. 


Reaction to race 7 

00 R S Total 

8 — 

g No, of plants 

f R-~-- 876 6 382\^*^ 

§ 1 108 109/ 

+3 ■ 

1 Total 377 114 491 

PS . ^ . __t 


*P value for a fit lo a 3:1 ratio — 0,20 lo 0.10. 
T P value for a fit to a 3:1 ratio — 0.50 to 0.30. 


DISCUSSION 

The White Russian a nci Rainbow (Richland type) fac- 
tors together condition res istan^^^^ at all temperatures to all 
known races of oat stem rust except 4, 6, and 13. The com- 
bination of these two genes would provide greater protec- 
tion from stem rust, except races 4, 6, and 13, than would 
the Canadian ’ factor, since the latter is not eilective in 
conditioning resistance at temperatures of 80 to 85° .F. Fur- 
; thermore, the ''Canadian” factor does not provide resistance 

] to race 7A. 

^ Because of the obvious importance of combining resistance 
: of the White Russian and Richland types in the^same vari- 

ety, oat breeders have repeatedly attempted to do so but 
without success. Smith’s (4) results indicated that such a 
combination would be impossible since the two genes 
. appeared to be allelic. Subsequent results at several stations 

seemed to confirm this conclusion. 

Lines that appeared to be homozygous for White 
I Ripsian and Richland types of reaction were obtained at 

I Minnesoti from segregating populations of the cross {Land- 

j hafer X (MiiWo X Hajira--J^^^ X Andre^^vc These 

j lines also were homozygous for the ''Canadian” factor, 

, obtained from Haiira---Joanette, and the presence of the 

White Russian and Ricliland types of was revealed 
by greenhouse seedling tests to races 7 and 8 at high tem- 
; peratiire. Under such conditions, the l'Canadian” factor does 

: not piwn'de resistance. Therefore, resis to either race 

or 8 or both, which was obtained, would indicate presence 
of other factors for resistance. This technic has been used 
also as a necessary tool in the further studies reported in 
this paper. 

It was postulated that the apparent combination of White 
Russian and Richland types of resistance in these lines derived 
from the cross [Landhafer X (Mindo X Hajira—Joaaette) } 
X Andrew, might have resulted either from an actual recom- 
; bination of tliese two factors or from a combination of one 

or the other of tliese two known genes with another pre\> 
ously unknown gene providing resistance at Iiigh tempera- 
ture to race 7 or race 8. Crosses of the selection carrying 
. , combined resistance with the three varieties, Andrew, Clin- 

ton and Gopher, provide oritical evidence for distinguishing 
between these two possibilities. Andrew is presumed to carry 
^ the Rainbow gene (similar to that of Richland) for resist- 
' ' - wrf-' Clinton has a gene similar in behavior to the 
i ^ White Russian gene. Gopher is susceptible to both races 7 
- . , ; 8 and, therefore, has neither the White Russian nor the 

:■ v' _ Richland gene. Absence of segregation to race 7 in the cross 


with Andrew and to race 8 in tlic cross to CJinion shows 
that the LMHJA selection has either the same or similar fac- 
tor for race 7 resistance as tlie one in Andrew and also the 
same or similar tactor lor race 8 rcsistaniC’ as the one in 
Clinton. Results in the cross with Goplier indicate that the 
two genes are linked in the coupling phase in the LMHJA 
selection. 

There are at least two possible explanations for the com- 
bination of the White Russian and Rainbow genes tor stem 
rust resistance in the same lines. It may be that, contrary to 
previous reports, the genes were pseudo-.illeles and that the 
recombination resulted from rare crossing-mer. Iheoather 
possibility is that unequal crossing-over ocairred in the cross 
of the Landhafer X (Mindo X Hajira-joanette) selection 
with Andrew so that the lines with conibinal resistance 
carried a tandem duplication ot the White Russian and 
Rainbow genes. Furtlier investigations are in, progress to 
attempt to darif}^ this point. 

Whatever the origin of the couihination oi resistance 
may be, these lines are of great value in oat lireciiing. The 
White Russian and Rainbow genes can iKnc- lx.- ct.imbined 
in nesv \iiih:::t]es essentially a.s easily as ii dtey were a single 
gene. These two d<.>seiy linked gene.s c<>ndition resistaiiie 
at all temperatures to all known races of stem rust except 
4, 6, and 13. The "Cinadian " factor, known irom I4)i»te’s‘ 
work to be inherited independently of tliese two genes, pro- 
vides resistance at rnerderate tcinpraati!^ to dll known races 
except 7A. A coinbination of tin: closely linked ^X'1fite Rus- 
sian and Rainbow genes with the "CanHulian” fa*., 1t>r in the 
same variety—a goal, easily accomplished iri.im j geueticai 
standpoint — pro\a'des a rekiticely high degrcx of protceticui 
against all stem ruse races that are now* known lo occur. 
Experimental varieties carrying such stem rust resistance plus 
the Landhafer gene for crown rust resistance are nmv m 
preliminary plot tests in Minnesota. 

' Op . ' tv/. 

SUMMARY 

ICj lines of oats from the crosses of LMHJA with Andrew. 
Clinton, and Gopher wa- re studied for inheritance of seedling 
reaction to races 7 and S of stern rusi: al 85 ' \\ Tlic results 
indicate that LMHJA carricvl two ciasel\' linked factors, mie 
for race 7 resistance .ind die oilier Uh* race S rcsislanve, 4uu! 
that the genes in LMHjA am! Andrc-w for resistance to lUCv 
7 were the same or similar, and that the genes in LMHJA 
and Clinton for resistance to race 8 were also the same or 
similar. Possibilities regarding the origin of this combined 
resistance in LMHJA are briefly di.-^cussed. 
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Seed Setting and Vegetative Vigor of Ladino Clover 
{Trifolmm repem Leyss) Clones and Their Diallel Crosses^ 

R. D. Brigham and C. P. Wilsie- 


A WIDE range of blooming characteristics generally is 
found among plants of Ladino clover. Under Iowa a)n- 
ditions, due ]?rohably to pliotoperiodic rec]uirenients, many 
plants bloom sparse!)', ii at. all. These plants contribute 
little to seed prodiuiion oi the papulation. Other plants 
bloom and set seed profuse!)', which suggests that selection 
for liigher seed selling might be possible. The objectives of 
this study were to im estigatc the breeding behavior of clones 
selected for high and for lv)w seed setting and to study the 
relationship Ix'twccn ' seed setting and vegetati.vc vigor. 


REVIEW OF LITERATURE 


ScvtTal irnvsligaloi's have noted tliat winte clover and Ladino 
clover express wide variability in abundance of flowering and 
amount «d seed produced (1, 2, 3, b, 8). Also, the relatively low 
level of coirmurciai seed yields has been recognixed. In a 2-year 
study Dcssureaux (\ a) found a wide range of seed setting 
among 70 ilona! lines, hut uhseived higli correlation between 
years. The number of ovules per floret and the percentage of seed- 
hearing florets \ven,‘ latogm/aal as important factors in Lading, > 
seed pimh.jcti«m. Knight"' foimd a cyclic pattxaai of ilovvering in 
Ladino clover, anti suggested a recombinatiem cd clones high in 
combining ability to proijiue seed of synthetic variety. Thompson 
er al. (7) observed tiuf Ladino cLner produced relatively few 
flov’ers under ccmditions favorable for maximum vegetative growth. 


MATERIALS AND METHODS 


'Fen Ladino clover citmes, 3 cliosen for high and 5 for low' 
seed setting ability, were selected from a replicated clonal nursery 
and a large reCi>mbination block in 1930. These selections traced 
hr California and Oregon certified seed which had been used 
to establish a breeding nursery in 1946. Selection was visual and 
based primarily on number of flower heads, but general vigor, 
density, spread and disease and insect resistance also were impor- 
tant considerations. Seed was liarvested in 1930 from the selected 
clones for use in the evaluation of open-pollination progenies. 

Tile ten clones were vegetatively propagated, g row' n iri d-inch 
pots, and allowed to flower under an IS-liour day-lengtli in tlic 
greenhouse, Diallel Crosses were made, that is, all possible com- 
binations, making a total of 43 single crosses. To determine any 
possible .self-compatibility, one or t\vo jieaJs <if each clone were 
selfcxi, A nuLroscopic study of pollen was made to check the pos- 
sibility of ahiu'ted pollen grains and consequent low'ered cross 
compatibility. 

Seedlings of the 45 single crosse.s, and open pollination prog- 
enies of the parent clones were started in the greenhouse and 
transplanted to the field in two separate nurseries in May, 1951. 
Plants were space-planted in randomized conipiete blocks with 
four replicates. A clonal nursery of the parental plants also was 
established at the san'K^ time. 

Data were recorded in August and in September, 1951, on 
.seed setting, density, spread, vigor and leaf marking. Density and 
vigor were scored from 1, least desirable, to 9, most desirable. 
Spread was measured by determining the approximate area occu- 
pied by each progeny row. To evaluate seed .setting, seed heads 
were counted in August, but in September and subsequently, 


U^arnal paper No. J-26ai of the Iowa Agr. Exp. Sta., Ames, 
lowxi. Project No. 1048. Received for publication Oct. 2, 1934. 

^Formerly graduate assLstant in Farm Crops and Professor 
of Farm Crops, Agronomy Dept., respectively. Part of a thesis 
submitted by the .senior autlior in partial fulhilment of the require- 
ment.s for the Master of Science degree at Iowa State College. 

‘^Knight, W, E, Breeding Ladino clover fur persistence and 
longevity, Ph.D. thesi.s. Pennsylvania State Univ., library, State 
College, Pa. 1930. 


plant.s were scored on a 1 to 9 scale, with 9 indicating the high- 
est seed production. To compare actual seed production with 
visual seed ratings, seed yields were obtained from 405 plants 
randomly chosen among the Fi progenies. 

To test performance in the F« generation certain single cross 
progenies were sampled in October, 195 L Three high by high, 
three low' by locv, and nine high by low seed-setting crosses were 
studied. Four plants, randomly chosen from each Fi progeny, 
were used for sib-mating. In two single crosses, wdiich appeared 
to he segregating for seed setting, botli a high and a low seed- 
setting group of 4 plants were chosen. All sib- matings were 
made in the greenhouse, either by hand crossing or in a bee 
cage, and F- seedlings were transplanted to the field in May 1952. 

Open pollination progenies, dial lei crosses and parent clones 
were harvested for forage yields June 24 and Aug. 11, 1952. 
Plants in these nurseries were again rated for density, spread, 
seed set and vigor in late July and in September, 1952. 


RESULTS AND DISCUSSION 


No relationship was evident between seed setting and 
jsercentage of aborted pollen in the ten parent clones. There 
also veas no indication of self-conipatibility among the ten 
clones. A correlation of B.83 was found between actual seed 
)4eid and visual scores for seed setting of spaced plants in 
tlie single cross progenies. This value, based on a sample 
of 405 plants, greatly exceeded the 1% level of signihcaace. 
Among parent clones the correlation between seed yield and 
number of heads was 0.87 and between number of heads 
in 1951 and seed-setting scores in 1952 was 0.92. Under 
the conditions of these experiments insect poUination appar- 
ently was not a limiting factor and profusec blooming \vas 
a good indication of seed setting. Little increase in accuracy 
of estimating seed production resulted from counting heads 
as compared with visually scoring the spaced plants. 

Data from the open-pollination progenies indicated tliat 
seed-setting scores for 1931 and 1952 were highly corre- 
lated, the r value being 0.9b. In general, high seed-setting 
clones produced liigh seed-setting open-pollination progenies, 
and low seed-setting clones produced low seed-setting prog- 
enies. The autumn rating in the seedling year appeared to 


give an accurate estimate of seed setting ability in the second 


year. 


The 45 diallel crosses also were scored for .seed setting. 
Average scores of the nine single crosses involving eadi cif the 
ten paixiit clones diiferecl at the U r. level of sign ilicance. 
A summary indicating comparati^’e rank b.ised on seed-setting 
scores of the parent clones, single crosses and open-pollina- 
tion progenies is given in table 1, It should be noted that 
the 5 clones originally .selected for high seed setting pro- 
duced both open-pollination and single-cross progenies with 
the highest scores for seed .setting. 

When grouped according to sev^d setting ability of the 
parent clones, the mean score for the liigh by high crosses 
was 6,54, the high by low' cros.«es, 3.59, and the low' by low 
crosses, L7S. In general, seed .'betting was intermediale in 
progenies of high by low seed-setting clones. 

Parent-progeny relationships for seed-setting scores indi- 
cated high heritability for this characteristic. Correlation be- 
tween clones and open-pollination progenies (based on .scores 
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Table 1. — Seed setting rank of Ladino clover clones, their single 
crosses and their open-pollination progenies. 


Seed setting rank based 
on visual scores 


Clone number 

Parent 

clone 

Single cross 
progeny 
(Mean of 

9 crosses) 

Open- 

pollination 

progeny 

High seed setting 
group 




107 

1 

1 ‘ 

1 

149_...:._ 

, 2 . 

■ 2' ■ 1 

3 

236. 

3 

5 

5 

271 

4 

4 

4 

■224. 

' 5 ■ 

3 

2 

Low seed setting 
group 

■ V ■ ■ 



213.-... ... 

6 

7 • 

7 

■ 135. 

7 ^ 

1 6 

6 

214............:.....:. 

8 

9 

. 

229... 

9 

10 

8 ■ ■ 

150- 

10 

8 

9 


tor seed setting) was 0.84, between clones and their single 
cross progenies was 0.92 and between open-pollination and 
single cross progenies was 0.92, 

A siimmary of seed-setting scores: for typical F./ progenies 
is given in table 2. No Fa p)rogenies were obtained from low 
X low crosses because of the failiim of F./ plants to bloom. 
Although variation among F, plants from crosses of high 
seed -setting clones was h igh, a large proportion of tlie popu- 
lation was in the three highest score classes. In populations 
from crosses 236 X 2B and 271 X 214, sib-matings of 
Ig plants selected for high and low seed setting gave mark- 
edly different frequency distributions for seed setting. This 
would indicate the possible effectiveness of selection for high 
seed setting within single cross progenies. 

Forage yields of parent clones, single cross progenies and 
open-pollination progenies were obtained. Among the parent 
clones (not previously evaluated for yield of forage) there 
was a slight, but not signiiicant, negative correlation 
(—0.2 7 3 ) between forage yield and seed setting. 


Forage yields of single cross progenies indicated marked 
differences among families. In general, yields of reciprocals 
were similar, with only two exceptions, which could pos- 
sibly be explained on the basis of the small sample ol; plants 
of each cross actually evaluated. 

A correlation of 0.29 was found between seed setting 
and forage yield of the 43 single crosses. This value, although 
low, exceeded 1% level of significance, suggesting that high 
yields of both forage and seed are not incompatible. 

Vigor scores obtained by visual ratings of the single cross 
progenies were highly correlated with actual forage yields. 
Vigor ratings taken in the autumn of the lirst year were 
found to be essentially similar to ratings taken during the 
second year, suggesting that selection for vigor of transplants 
could be practiced in the fail of the first year. A compxiri- 
son of clones and their progenies based on vigor scores 
showed an inconsistent relationship (table 3). Flowever, 
clones 271 and 213, which had the highest vigor scores, 
produced open-pollination and single-cross progenies with 
the highest average vigor scores. It seems likely that vigor 
is not measured as accurately as certain other characteristics, 
and its heritability appears low because of elfets of the 
environment and genotype-emaronment interaction. 

Density appeared to be negatively correlated with seed 
setting. Clone 107, for example, hud the lowest density 
score and the highest seed-setting score. In general, clones 
witli higli density scores produced liigli scoring [nT)gentes. 

Spread of clones and their progenies svas not always con- 
sistent, although two of the more spreading clones produced 
the most spreading open-pollination progenies, anti the three 
most spreading clones produced the most spreadmg single 
crosses. The spacing of plants within rows and hetvceen rows 
may have limited spread of some of the more aggrcssi\ e 
plants in the second year. 

A summary of the leaf marking data iiidi cited that tlie 
"'V” marked condition was dominant to unmarked. Brown ( 
postulated that the homozygous recessive condition of tire 
gene for "V” leaf marking produced pure green Imes with 
no marking, and that the heterozygems or homozygous con- 

Ulrown, K. G. Inheritance i>f patterned leaf imirkiiigs in white 
and luidino clover. Paper prewnted at annual iiieelingC Arrier. 
Soc. Agron., Cincinnati, OInn, Nov. 17-20, 1947. 


Table 2.— Frequency distribution of seed setting scores in the Fy generation of ladino clover crosses 

among clones differing in seed setting. 



High X High seed setting 

236 X 271 

236 X 224 

271 X 224-..._..C 

High X Low seed setting 

224 X 213 

224 X 214,.. 

224 X 229 

236 X 213 

. Selection for High, . 
Selection for Low..-. 


271 X 214 

Selection for High 
.! . Selection for Low. 


Seed setting score classes* 


Total 

plants 


Weighted 

mean 
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dition produced leaf markiog. Data obtained in this Htudy 
tend to confirm liis results. ]"., and IC observed ratios were 
found to fit expected ratios, as indicated hy the *'Chi Square” 
test. Clones 130, 135,- and 213 were considered to be hetero- 
zygous for leaf ma.rking2 Clones 107, 149, '224 and 229, 
homozygous for leaf marking, and Clones 214, 236 and 271, 
homozygous for pure green. 

SUMMARY 

Field studies were conducted to evaluate five high and five 
low seed-setting clones of Ladino clover. A space* planted 
clonal nursery, an open-pollination progeny test, and a single 
cross progeny rest were established in May, 1931. Seed set- 
ting ability was investigated in conjunction \v^ith expression 
c4 vegetative ’^'igor as measured by estimates of density, vigor 
and spread of parent clones and tlieir progenies. Actual 
forage yields also were t)btained. Leaf marking was recorded 
as present or absent on each plant. Parent clones were found 
to be self-incompatible, and cross-compatible. 

Highly significant correlations were found between seed 
setting of clones and their open -pollination progenies (r r: 
0.84 ) and their single cross progenies (r 0.92), Corre- 
lation of seed setting in single crosses and open-pollination 
progenies also was high (r z: 0.92). Selection for high 
seed setting should be eifective. as this cliaracteristic appears 
to be highly lieritable. 

A correlation ot 0.S3 was found ior the relationship 
between visual rating and actual seed production, indicating 
that a scoring system was fairly accurare for evaluation o( 
seed setting ability in Ladino clover spaced-plants. 

Ratings of Ladino clover spaced-plants for seed setting, 
vigor, density and spread in the autumn of the first year 
were highly indicative of the performance of these plants in 
the: second year." ■ 

Actual forage yields were found to be closely related to 
scores for spread, vigor and density, suggesting that an over- 
all rating for vegetative vigor could be used as a basis for 
selection in spaced plants. 

The light colored ”V” marked condition in leaves of 
Ladino clover was found to be dominant to the green, un- 
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Table 3. — ^Summary of scores for vigor of parent clones, open- 
poliination progenies and single cross progenies 
of Ladino clover. 


Clone number 

Scores for vegetative vigor* 

Parent 

clone 

Open- 

pollination 

progeny 

Single ero.ss 
progeny 
( M ean of 

9 crosses) 

27 U 

9.0 

8.7 

8.1 

213„ 

9.0 

8.5 

8.1 

135„... 

8.5 

6.8 

7.8 

150 _ 

7.0 

. 8.2 : 

. ,7.7 , 

236_,. N 

7,5 

7,5 

7.6 

214„:. . ! 

9.0 


7,5. 

149_ 

6.5 

' 7.7 1 

1 -7.4 ,/ 

107 

5.5 

7.0 ■ , i 

1 7.4 ■ 

224 

S-.5 

7.7 I 

7.1 

220 ^ - ~ — 

7.5 

8,0 ■ 

7.1 


■ ! “lowest, 9 highest. 


marked condition. Of the 10 parent clones, 4 were con- 
sidered to be homozygous doininant, 3 heterozygous and 
3 homozwcmus recessive for leaf mark in u. 
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Laboratory Evaluation of Fungicides for the 
Preservation of Moist Grain^ 


R. U. Schenk and W. K. Kennedy- 


T HE major cause of deterioration of moist toodstuffs is 
mold growth, and the use of fungicides as moist hay and 
grain preservatives has been suggested and tried (1,2, 3, 4)* 
However, when mold growth on moist wheat was inhibited 
with fungicides, the grain developed oE'-tlavors and odors 
and the milling and baking c|uality declined (3,4) ' Although 
mold growth was controlled, the grain became unfit for 
human consumption and the chemical treatment of moist 
grain was considered not practical. 

The possibility of using fungicides to preserve moist grain 
for animal feed lias not been fully expJored. If preservatives 
will prevent mold growth and the accompanying liigh dry 
matter losses in moist grain without seriously altering tlie 
palatability of the grain, they might be used on grains that 
are grown for animal consumption. Preserving moist grain 
with an inexpensive fungicide has some definite advantages 
over other methods of handling such grain. Ec]uipment costs 
for applying the chemical would be relatively small compared 
to drying equipment. The amount of time required for treat- 
ing moist grain with fungicides would be much less than 
the average time for drying. Also, chemicals can be pur- 
ciiased on very short notice when their need is indicateiT 
Dawson, et ah reported that under laboratory conditions 
several of the chlorinated phenols inhibited mold growth in 
moist hay (1) . Schenk and Kennedy confirmed this work 
and reported that several other compounds also show'ed 
promise as hay preservatives (3). Under field conditions 
Kennedy and &'Iienk were able ; to prevent molding and large 
dry matter losses in moist hay with high rates, of 2,4,6- 
trichlorophenol, but did not know whether or not the same 
results \vould be obtained with moist grain (2). 

During 7- and 10*day storage periods, Milner and co- 
workers found that dry matter losses of moist wdieat treated 
with certain ihingicides were small but since the qo^dity of 
die wheat for human consumption quickly deteriorated,* the 
grain was not stored for loagcacpeifiods (3,4). Schenk re- 
ported that several fiingicides not only prevented mold growth 
on moist grain but inhibited gerniination and probably cur- 
tailed the respiration rate of the grain itself 2' 

As a result of Schenk's work this study vvas m 
to determine if certain fungicides could control both mold 
and grain respiration when used as preservatives for moist 
■ grain.- ■■ 

PROCEDURE 

Duplicate 100.0-gni. samples of wheat containing 29.0 ± 0.2% 
moisture were treated with ().12S, 0.25 or 0.50% 2,4,6-trichioro- 

^ Contribution from the Agronomy Dept., Cornell Univ. Agr. 
Exp. Sta., Ithaca, N. Y. Acknowledgment is made to The Dow 
Chemical Co. who partially financed the project. Rec. for publi- 
cation Oct. 2, 1954. 

® Formerly Research Assistant in Agronomy, Cornell University, 
now Chemist, U.S.D.A., Northern Utilization Research Branch, 
Peoria, 111; and Professor of Agronomy, Cornell Univ., respectively. 
® Schenk, R. U, Ihe use of fungicides in the pre.servation of 
: ^ rpoist hay and grain, Ph.D. thesis, Cornell Univ., Ithaca, N. Y. 

- ' ;; 1954. 


phenol; 0.10 or 1.0%. thiourea; 0.05 or 0,10% l-chloro-2- 
butanone; or 0.80%* ethanol. Two samples of untre%ed moist 
wheat were also included. The .samples were placed in 250-niL 
Erlenmeyer flasks in a 25"' C. constant tempeaatiuey rcx>rn. The 
fiask.s were connected to a source of carbon dioxide-free air and 
approximately 10 liters of such air was pas.sed through each flask 
daily. The carbon dioxide which evolved from each sample of 
wheat w^as collected and measured. Initially the grain was exam- 
ined daily, but as the expeadment progressed, examinations were 
made at weekly intervals for visible mold growth. The date^ of 
first vi.sible mold growtli and the degree of mold were rectu-ded. 
After 55 days, measurements on completely rotten samples, except 
the checks, were discontinued but the cliecks and those whidi 
were still well preserved were continued for a total of 79 days. 
At the end of their respective storage periods tlic’ conlints of 
each flask were weighed, oven-dried and reweighed to dc-tennine 
die final wet weight and the total loss of dry maUer. 

The carbon dioxide was initially removed fri>m the air by forc- 
ing the air into the bottom of a 2()-itidi vertical column of 2.5 
,N NaOH solution (figure 1). The air was suhsec|iiently passed 
through a sintered glass filter stick, into a i,UlK)-ml. Hrlenmeyer 
flask containing distilled water and then through another sintered 
glass filter stick 1,000 ml. of a .saturated scdutiiar of NddtHdT.),. 
Theoretically, after passing through this saturated salt solution, 
the air was in equilibrium with 93% relative humidity at 25'* C. 

Tlie air was then passed by means of a manifold system thrtiugh 
the individual flasks of grain. The air from eadi flask was passed 
through a drying column containing both a layer of silica gel 
and a layer of Mg{CIOi)i;. The air then passed through a 2-indi 
piece of capillary tubing' with 0,28 mm, diameter in order to 
equalize the air floev through all samples. Finally the air was 
passed through a CO- absorption tube containing a weighed 
amount of Caroxite and MglCIOi)-. 

In order to maintain nearly constant air pres.su re in all flasks 
a l,0D0-ml flask of distilled water was connected to the mani- 
fold by means of a glass tube which was insetted into the water 
about 2 inche.s. Any excess air bubbled into the water and out of 
the flask. ' ' ■ 

The carbon dioxide evolution was inea.suiVvl for periods of 
4 to 48 hours hut the results are expre.ssed as mgm. of carbon 
dioxide per 24 hours. For the first 4 weeks the rate i 4’ carbon 
dioxide evolution was measured daily except week-ends. Afti-r 
this the Caroxite tubes were attached to the apparatus loss fre- 
quently until final ixieasurements were iriade at weekly intervals, 
The air was permitted to flow through the flasks lontiniumsU 
and not just when the Caroxite tubes were attained , 


100 6R. WHEAT 


"SILICA GEL 


/Mg (Cl 04)2 


r“Tl2““ 
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TUBE 


Fig. I. —Diagram of laboratory equipment used to measure the 
evolution of carbon dioxide from moist wheat. ■ 
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GRAMS 


0.50% 2,4,6- TRtCHLOROPHEHOL 


20 so 40 50 60 

DAYS APTER WHEAT WAS MOISTEHEO 


Fig. 2.- 
treate 


-Daily rviilutiuo uf curlyni diuxitie fnmi treated and un- 
d moist wlicat (mean at two tiasks). ■ 


RESULTS 


Visible mold growth appeared on untreated grain a clays 
aii'er the lest was started. The late oi" CO^ i.aa.;d for 
untreated grain inereased \<ry rapidly to a maximum of 
about 2.0C)0 mgiiu per tU) on the 27tli day alter the test 
was initiated i figure 2), The viaily CO. evolution steadily 
declined to about 200. mgnx .per day at the time the test 
was discontinued on the 79th day. During this 79-day period 
46.8% of the dry matter was converted to CO^ and water 
(table I and figure 2). 

Treating the grain with tliiourea dela)-ed mold develop- 
ment only 3 to 4 days longer than untreated grain, but the 
rate of CO., evolution w^as much slower. The total loss ot diy 
matter appeared to be somewhat less than lor the untreated 
grain, although the tests w'cre terminated on the 33th day 
since it was apparent that thiourea allowed too much mold 
growdh to be an effective moist grain preservative. 

The rale of CO., c: volution from the 0.10%) l-c!don>2- 
butanone treated grain wars about /Oangm. per day the first 
24 hours but by the seventh day the rate of CO^ evolution 
was only 2 or 3 mgm. per day. The evolution of CO^ re- 


Table 1. — Effect of certain chemicals on time of molding and 
total dry imiter loss in 29% moisture wheat. 



. Rate : 

Time 

! ' 

Chemical 

of . . 1 

Time test w^as 

^ Dry 


applica- 

of termi- 

i matter 


tion 

molding nated 

■ ' loss 


No treatment*. 

Ethanol * 

Thiourea 


l-ChIoro-2-butanone„ _ 
2,4,6-Trichlorophenol 


8 

17 

29 

34 

no 

molding 

no 

molding 


Days after the experiment was initiated. 


mained iow^ until the 23rd day when it started to increase. 
The first visible mold growth was observed on one sample 
on the 23th day and on the other sample on tlie 33rd day. 
About the time mold growth became visible, CO^ evolution 
increased markedly. The total loss of dry matter tor the 
35-dviv period was much lower froiu the grain treated with 
0.10%? l-chloro-2-butaDone than from that treated witli 
1;00% thiourea. The 0.03% application rate of l-chloro-2- 
buianone delayed mold growth, but once visible mold growth 
appeared, the I'ate of CO^ e^’oliition and the total los.s c4’ 
dry matter were high. 

Treating wheat w4th 0.25 or 0.30% 2,4, 6-trichlorophenol 
resulted in no visible mold growth, low levels of CO. evo- 
lution for '^9 days and low loss of dry matter. At the end 
of the 79-day period the kernels of grain were still sound 
and appeared to be in v ery satisfactory condition lor leeding 
to livestock. Tlie grain had a siightff mneid taste and was 
darkened by the chemical but no other undesirable effects 
were observed. At the 0.123% application rateytrichlorophe- 
iu.)l prevented visible mold growth from appearing until the 
3 itli day but then the respiration rate became very high 
and the total diy matter loss was large. 

Tile more dry matter lost from a sample, the greater 
the amount of’ vv^ater in the flask wfiren the test was temii- 
nated. If the dry matter lost from wdieat is assumed to be 
according to the empirical equation -f 60.%^ 

3HmO + 6CO., eadi gram of dty matter vvoiild liberate 0.333 
gm. of water. Since the 100 gin. of wet: wheat initially con- 
tained 29.0 gm. of water, the predicted aniount of water in 
the fiask for a given loss of dry matter WMatild be Y ~ 20.0 
T 0.333 X vvJiere Y cr grams of water and X n grams 
of dry matter lost. The actual values arc plotted ond the best 
fit for these values is Y r: 2S.4 -f 0.342 X with a standard 
deviation from regression of 0,98 gm, (figure 3). The data 
indicate that vxtv little if any moisture was lost from the 
tl asks of vvheaf. 


DISCUSSION 


In an earlier paper Kennedy and .Sdienk reported that 
moist hay treated with an effective fungicide and stored ffu 
8 jnonths still contained enough moisture to allow mold 
growth to occur (2 ). Undoubtedly the same .situation would 
be true for moist grain, and in addition the respiration of 
tile moist grain itself might be a probiem. The apparatus 
used in tliis stikly jvrovided a rigorous method for testing 
fungicides to determine how* well they control niokl growth 
and to what degree they control oilier respiration losses in 
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Fig. 3. — Relationship between grams of dry matter lost and gramsi 
of water recovered from moist wheat. 
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moist grain over a prolonged storage period. Since the pro- 
cedure outlined in this paper recjuires considerable attention 
and apparatuSj it is suggested that its use be limited to the 
testing of eompoiinds that prove to be elective in the pre- 
liminary laboratory tests proposed by Sclienk and Ken- 
nedy (3). 

Under the conditions of this experiment, trichlorophenoi 
was the only chemical tested which was satisfactory for treat- 
ing moist grain that was to be stored until fed. Since trichloro- 
phenoi Jiiay induence the palatability of grain fed to chicks 
and appear as residues in milk of dairy cows eating treated 
hay (2,5), its use as a grain preservative needs further study. 
If grain treated with trichlorophenoi made up only a part 
of the concentrate mixture fed to livestock it is possible that 
neither palatability nor chemical residues would rule out 
its use. 

The chemical l-chloro-2-butanone might be very suitable 
for treating moist grain which had to be held for 1 to 3 
weeks during peak periods of harvest until equipment was 
a\'ailable for proper drying. Since this chemical is quite 
volatile and the drying process would probably drive off most 
of the chemiail, palatability and residues might not be lim- 
iting factors. 

SUMMARY ■ • 

The evolution of COj, and loss of dry matter was measured 
on wheat containing 29.0 nioisture, both treated and un- 
treated with test fungicides., The chemicals and ratesof appli- 
cation used in this study were 2,4,6-trichlorophenol at 0.1 25, 
0.25 and 0.50%; l-chloim-2-lmtanon 0.05 and 0.10%; 
thiourea at 0.10 and 1.00%; and ethanol at 0.80%* Un- 
treated and ethanol treated wheat molded in 4 days and had 
the highest rate of GO^ evolutian and the highest diy matter 
loss. Thiourea delayed mold growth for 3 or 4 days only 


but it did lower the rate of respiration as compared with 
untreated wheat. The chemical l“Cl:ibro“2-hu Lira aie delayed 
mold growth for about I niontii, and it w*k ser} elfective 
in reducing the CO^ for the firs! 23 days of stor- 

age. Whin the wheat treated with l-chloro-2-hutaiione 
started to jnoid, the respiration rate increased raj-^idly and 
exceeded the inaximum rate for the thiourea-treated uheat. 

At 0.25% and 0.50% rate, 2,4,6-trichiorophcno] pre- 
vented mold growth for the eiitire 79 day storage period. 
Dry matter loss during this period was less than 5% and 
at no time did the respiration rate exceed 100 mgm, of COo 
per day. Of tlie chemicals tested, only trichlorophenoi appears 
to be sufficiently effective for treating moist grain that will 
be subjected to a prolonged stonige period. If moist grain 
had to be held for only 1 to 3 weeks until it o>iikl be arti- 
ikially dried to a safe moisture level, i-c]ilorO’2-biitanone 
might be of value. Consideration must be given to the toxi- 
cological problems associated with the Use of rliese chemicals, 
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Inheritance of Resistance to Fusarium Wilt of Flax 
in Dakota Selection 48-94' 

P. F. Knowles and Byron R. Houston- 



T H£ flax 'Varieties grown on the largest’ acreage in desert 
areas of California are susceptible to Fusarium wilt 
(fmarmm oxppomm f. Urn (Bolley). Snyder and Hansen). 
These varieties are Punjab (C.L 20), now relatively unim- 
portant, ant! Punjab 4? (C.I. 1113) and Imperial (C.I. 
ni4), both selections of Punjab. Although wilt has not 
caused, serious economic loss, the disease is increasing,. and 
some fields are infesteti to a point where susceptible flax 
varieties can no longer be grown, 

CoincidcrU: with eltorts to find resistant materials in local 
and introducei:l varieties (10, II), a breeding program has 
been iinderwa.y" tO' ilevelop re.sislant var.ietie.s by hybridization 
and backcrossing. Dakota (C.J. selections , have* been 

used rather extensively in iliis pjaagiam. Tliis report: includes 
data obtained froin crosses &.)f one of these selections wfith 
Punjab, Punjab i7 and a second Dakota selection, 

LITERATURE REVIEW 

The litcraturr \\tHild indicate that tlie inheritance of resistance 
to Fusarium wilt in flax is complex. Tisdale (13) and Burnham 
(5) amcioded that the inheritance of lesi.stance could not be 
explained on the hasj.s of a few ^uenes. In a study Ivt lines 
from a cross of Dakota with an Indian saricty, Chii and Culbert- 
son (6) found several lines with wilt resistance equal to that 
of Dakota, but none as susceptible as the Indian variety. 

In some crops, genes for resistance to Fusarium evi It have been 
identified. Wade ( I4) found that resistance to wilt in canning 
peas was due to a single dominant gene. Resistance to near-wilt 
in the same crop was shown by Hare, c/ a/. (8) to be due to 
a second dominant gene. In cabbage, high resistance was reported 
by Walker (13) to be due to a single dominant gene, though 
Anderson (1) found that nKxkrate i:esisU^^^^ was not simply 
inherited. This nmderate resistance was believed to be due to 
several genes tint were cumulative in effecl: and not dominant. 
One variety c>f cabbage was shown by Blank (3) to consist of 
some plants with a high type of resistance, and the rest with 
ini»derate resistance. A single dominant gene was found by Bohn 
and Tucker (4) lo give resistance to wilt in toiruitoes. Ikd^^ 
data (7) for <otton suggested that a single dominant gene was 
responsible for resistance, though Smith (12) reported that resist- 
ance in sea-island cotton was due to two dominant pairs of fac- 
tors, The difference in resi.stance of three varietie.s of \vatermeltm 
was coosidtred by Bennett (2 ) due to a number of genetic 

factors w'hidi were cumulative in their efi'ect. 

■ MATERIALS' AND METHODS' : 

Dakota 48-‘94 is a highly wilt-resistant selection of Dakota 
that stems back tl^ a .single plant in 1948. Each of the four crosses 
of this .study was made between a single plant of this selection 
and single plants of the wilt-susceptible varieties Punjab, Punjab 
47 and Daki>ta 48-90. Dakota 48-90 is a single plant selection 
()f Dakota. The segregating generations and parental materials 
that were included in wilt tests through the period 1949 to 
1954 are listed in table 1. One te.st was grown on naturally 
infested sbil from the Burns Field near Pescadero in San Mateo 
County, and the remainder on steam sterilized soil inoculated 
with one of three wilt clones. Each clone developed from a single 
conidiospore, and each was maintained in its original form by 
constant selection. Clone 287 was <3btained from Imperial Valley, 
clone 294 from the .same location of the Burns Field a.s the 

^Contribution from the Agronomy and Plant Pathology Depts., 
Univ. of California, Davis, Calif* Rec. for publication Oct. 7, 

1954. 

* Associate Professor of Agronomy and Associate Professor of 
Plant Pathology, respectively. 


naturally infested soil referred to above, and clone 33-1 from 
the Goat Ranch, also in San Mateo County. Inoculum, as a water 
.suspension of spores, was applied directly to the seed in the 
ixuv before covering the seed with soil. Previous reports (9, U), 

1 1 ) describe the technique of inoculation in more detail. 

All tests were grown in greenhouse flats. Each flat was usually 
sown to 12 rows, with 2 efi' them parent \xirieties. An attempt 
was made to obtain about 50 seedlings in each row. Where less 
than 10 seedlings were obtained in a row the data from such 
a row were not used. 

The number of wilted seedlings in each row' was recorded at 
frequent intervals, and such seedlings pulled. A test evas usually 
concluded when 95 to 10077 of the seedlings of the susceptible 
parents were affected by Avilt, which was 3 to 6 weeks after 
planting. Wlieii the last count was made, wilted plants included 
those that were dead or showing obvious symptoms of wilt. 
Wilt was expressed in percent of the total number of emerged 
seedlings. 

With the exception of materials inoculated weith done 33-1, 
the conclusion of a test found most plants either healthy or 
definitely affected by wilt. Consequently, a delay of 2 or 3 w^eeks 
would not appreciably increase levels of infection. When done 
33-1 was the inoculum, infection did not taper oR .sharply. The 
i:esuU was many quesdonable plants at the conclusion of a 
test, and appreciably higher infections from week to week even 
after the susceptible check variety had succumbed, 

RESULTS ■ ' 

Punjab X Dakota 48-94 

Seven F., rows and 180 F.. lines from a cross of Punjab 
wit'll Dakota 48-94 were grown in coniparison with the par- 
ents on naturally infested soil. The distribation of parental 
rows, rows, and lines (1% progenies) aniong 2 1 wilt 
infection classes is given in table 1. Slightly less than hall 
of the Ikj lines were highly SLiscepiible, and like Punjab. A 
small but distinct group appeared to be as resistant as Dakota 
18-9 L The remaining lines wxae distributed o\or wide 
range, but there was a \vell ; market! group with a range 
of II to 40y4 vvilt, and another not so well marked with 
4 1 to 73U- will. Tile latter was like the I‘k. 

The behavior of these niacerials suggested"' tliat the resist- 
ance of Dakota 48-9-i was due to two complementary genes, 
which have been tenned kind F/Ac- referred to as 
the A gelid' and "B gene” l;or the purposes of convenience. 
This hypothesis would assume that the genotype of Dakota 
48-94 is AABB, and of Punjab aabb. The porportions and 
behavior c>f different genotyj^^^^^^ obtaineti in would be: 




Percentage 


Wilt 

wilt in 

Genotype 

resistance 

progeny of 



F, plants 

lAABB:,., elk'': 

resistant 

cV/'k- ':0''io 

2AaBB. 

resistant 

i : ', 25^ ■ 

2AABb 

resistant 

!'= - ■ 125 ::: 

4AaBb, : . 

resistant 

7.', -48.75 

lAAbb 

, susceptible 

100 

2 Aabb , „ _ „ . , . , „ . 

i susceptible 

100 

laaBB - 1 -: .c ,:.,k:. :.:.ekli.,7k li-,k kkk,. 1 

r:,,.;, susceptible:': 

100 

^2aaBbii'e c 1 ceek-cjiie :.:/ke iec 

susceptibia 

100 

laabb..„ ^ -■ 

susceptible 

100 

: ■ 1 - e. . ■ ■' rj ' ,■ ; ;• ,:1; 1 
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On this hypothesis lines should fall into 4 intectkm 
groups in the ratio r:4:4:7. The level of resistance among 
those genotypes termed resistant is believed to vary slightly, 
being greater with greater numbers of genes ioiv rcsisfance, 
A similar situation is believed to prevail to a lesser extent 
in the susceptible group, with susceptibilit}^ increasing with 
greater numbers of recessive genes. 

The infection of the varied from 46 to 68%' with an 
average of 57.6%. This is higher than that suggested in 
the model above. It is possible tliat other organisms may 
have raised the level of infection in the Fj,, though this is 
rather unlikely because the resistant parent was unaffected. 
It is probable that some plants of the genotj^pe AaBb, or 
even of the genotypes AaBB and AABb, may have succumbed 
in this test. 

The group of highly resistant F. lines is believed to have 
stemmed from F^ plants of the genotype AABB, though the 
average infection of these 16 lines is 2%; and that of Diikota 
48-94 is 0.1 %«. Presimiably Dakota 48-94 has modifying 
genes giving it slightly more resistance than plants of the 
genotype AABB. 

Table 1. — Distribution by wilt infection classes of Fi, F-, Fa 
Punjab X Dakota 48-94, Punjab 47 X Dak 


The susceptible group of F,. lines whidi averaged 97,8% 
wilt, would be derived from % plants witli die 5 genotypes 
A Abb, Aabb, aaBB, aaBb and aabh. Although the SI F, 
lines of this group fell into a single group at the end of the 
test, they were widely different a few days after the iirst 
seedlings had wilted. It was not possible, however, to explain 
these differences on a genetic basis, li the genes A and B 
alone gave any resistance it was of a transient nature. 

The*” group of F.^ lines with II to 4oyr wilt was consid- 
ered to^be progenies of 1% plants with the genotype AaBB 
or AABb. Both genotypes gave the same breeding behavior 
when comparisons were made at different dales after plant- 
ing; there was no tendency for a solit into two sub-groups. 
There was an average of 27.7% wilt in this group, slightly 
more than the expected 23%. It would appear that the geno- 
types AABB, AaBB and AABb are highly resistant to wilt, 
and AAbb and aaBB susceptible. 

The average infection of the second iniernietii.ite gonip 
was expected to be 43.73%% since it inciudcil pn^genies of 
Fg plants with the genotype Aalffa, the same genotype as 
the 1% The average infection of this group atlually was 

ines (1%. progenies), backcrosses, and parents of the flax u'ossts, 
ta 48-94, and Dakota 48-94 X l^akota 48"-9t>, 
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fabk 2.^ — Distribution by wiit infection classes of 150 Fi lines derived from 15 Ft- plants 
believed to have the genotypes AABb or AaBB. 


Number of F 4 lines by 5 and 10 % infection classes'^; 
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36.2%, cunsiderabiy hi,ulier than expected* but not greatly 
different from tlie F, with 57.6%. The beliavior of the group 
above from geiioivpes AaBB am.l AABb suggested that geno- 
types AABI,.i .md AaBB were higliiy resistant; so the incre.Lses 

in infection- about UV'r of the F.. and the F,> lines of 

tile present group wouk] he iiiie to plants of the genotype 
AaBb that siicciiinhed to wilt. Tin's means that about onedialf 
of the expected 25%^ of tlie F. papulation with genotype 
AaBb did not survive. 

The number of F,, lines in the -I infection groups was 
ftHind to lit a ratio rather closely, with the value 

of P for a ■Chbscjuare test lying between 0.5 and. 0.3. TO ■ 

Many of the F,, lines of this study were cilso grown in 
the field in the absence of wilt. I'rorn c-ach of 1 6 of the F., 
iines which leid sliown 11 to ■ioy<r wait in the grcenliouse, 
10 single plants were taken and their progenies (F^j) 
grown in soil inoculated w'itii cloj^e 294. It was expected 
that one-cjuarter of these F.^ lines would be highly resistant, 
one-half like the F.; with 23% wilt, and one-c|uarter sus- 
ceptible like the Punjab parent. The iines derived from 
13 of the 16 F„ lines behaved as expected (table 2). A Chk 
sejuare test (table 2) indicated a good lit (P r: 0.5 to 0.3) 
between the actual and expected behavior of these lines. 
In one line all 10 plants gave rise to progenies that 
were highly resistant — this F.. line actually had been rather 
resistant, showing only 12%; wilt. 

Tlie susceptible .Fj lines should be hcimcvzygous for one 
dominant gene and tine recessive gene; their genot}'pes should 
he AAbb or aaBB, with equal numbers of cacli. It is planned 
to identify the.se two genotypes. 

A wilt test of too F., line.s from a cros,s of a second plant 
of Punjab with Dakota 48-94 was carried out using inocu- 
lated soil-one F., line was discarded because of a suspected 
error in planting and three were discarded because there 
wore very few seedlings obtained. One replicate was inocu- 
lated with clone 287, and the second replicate wnth clone 
294. The pattern of the infection (tabic 1 ) %vas similar to 
the previous test, with the lines falling into four groups. 
With the different clones there W’^ere slight differences in 
infection, clone 294 giving slightly higher levels of infec- 
tion in the three groups showing susceptibility. For both 
clones the frequency of F.. lines in the 4 infection groups 
showed a satisfactory fit to a 1:4:4: 7 ratio (P rr 0.7 to 0.3 
for clone 2H7 and 0.5 to 0.3 for clone 294), 

The infections of lines by these two clones are com- 
pared in more detail in figure 1 by using a correlation dia- 
gram. It would appear that both clones identified the same 
highly resistant, and the same highly susceptible, lines. 
But there was some overlapping in the distribution of the 
two groups of Fg lines with intermediate amounts of wilt. 


Since these clones gave similar infections, the data ot the 
two replicates were averaged (table I). As expected, the 
F.J lines fell into four groups approximately in the ratio 
1:4:4 :7 — a Chi-square goodness of fit test gave a P value 
of 0.2 to 0.1. 

Punjab 47 X Dakota 48-~94 

From a cross of Punjab 47 X Dakota 48-94, Fj, F^ and 
60 F.. lines w^ere grown in 2 series, one inoculated with clone 
294, the other w4th clone 33-1. In each series there were 
duplicate rows of Fj, F^ and each F., line. Forty of the F., 
lines were grown with the Fj and F.^ in Test 1, and 20 F.j 
lines in '^fest 2. The results from two of these F. lines w^ere 
not used because the number of plants w^as small. 

As expected w’hcn inoculated w'ith clone 294 (table 1) 
there was a distinct class highly resistant to wilt, and one 
eejuaily distinct that w'as susceptible. Flowever, some difii- 
cxiity was experienced in deciding upon a dividing line be- 
tween the two intermediate classes. Since the showed an 
avenige of 38% wilt, and since both the F^ and one ot 
the intermediate classes are presumed to stem from the 
genotype AaBb, it was decided to divide the 2 intermediate 
classes at 35%rwilt. On this basis the fit to a 1:4:4: 7 ratio 



Per cent Infection by Clone 294 

Fig. 1 . — Comparison of infection of 96 F« lines from the cross, 
Punjab X Dakota 48-94, by 2 clones of Fusarium wilt. 
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Per cent Infection by Clone 294 


Fig. 2,— Comparison of the infections of 38 lines from the 
cross, Punjab X 48-94, by 2 clones of Fusarium wilt. 


was only fair (P O.ll) to 0.0? )— a sm^ (P — (LlC) 
to 0.0?) to a I; 8:7 ratio was obtained if the 2 intermediate 
classes were combi ned^ It would appear that Punjab 47, 
like Punjab, has the genotype aabb. 

The data obtained from the .series inoculated with clone 
33-1 bore little similarity to those obtained with clone 294. 
Within the series inoculated with clone 33"! the correlation 
of wilt infections of duplicate rows of F,., lines (r — 0.83) 
was not as high as that for duplicate rows inoculated with 
clone 294. When the average infections of F.^ lines by each 
the level of wilt infection of F^ lines was higher in the sec- 
ond than in the .first so it was not possible to combine 
such data from both tests as was done for inoculations with 
clone 294. Wlien the average infection of R, lineS: by each 
clone in test 1 were compared (figure 2), no similarity was 
found. It would appear that genes A and B are not iavoh ed 
in resistance to , clone 33-1. Dakota -18-94, therefore, must: 
have another gene or other genes that give it a high degree 
of resistance to this clone. Resistance to clone 33-1 equal to 
the resistance of Dakota 48-94 w^ould seem to be difficult 
to achieve in lines — only 1 out of 58 lines would qualify. 
This would suggest that there are several genes involved 
in the resistance of Dakota 48-94 to clone 33-1. However, 
though the Fjj lines did not fail into distinct classes, they 
appeared to show a bimodal distribution in both Test 1 and 
Test 2, with about one-quarter of the lines like the suscept- 
ible pai-ent, and three-quarters resistant or partially resistant. 
Eight Fg lines were considered susceptible in the first test, 
and 4 in the second, a total of 1 2 out of ?8. A Chi-square 
test (P Z3 0.5 to 0,3) would indicate that this was a good 
fit to a 3:1 ratio,, 

It is obvious from figure 2 that the gene or genes for 
resistance to clone 33-1 are inherited independently of the 
; genes A and B. Among the 16 Fg lines with intermediate 
/-..levels of resistance to clone 294 there were 3 resistant, 8 
. ^ intermediate in resistance, and 5 susceptible to clone 33-1, 

; ' a dose fit to a 1:2:1 ratio (P zi 0,8 to 0.7 in a Chi-square 
test) . The lines susceptible to clone 294 did not show 
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such a clear cut split into 3 groups, though there would 
appear to bs 7 resistant, 12 intermediate in resistance, and 
3 susceptible to clone 33“ U again a good fit to a 1:2:1 ratio 
(P 3 : 0.5 to 0.3 in a Chi-square test). 


Dakota 48-94 X I>akota 48-90 
F,, F.„ and backcross materials iriuiv the cross, Dakota 
48._.94 Dakota 48-90, were grown in a test inoculated 
with clone 294. These materials, excepting the lines, 
were also inoculated with clone 33--1 in the same test. The 
data (table 1) are averages of two replicates. 

The pattern was the same as in previous crosses/ when 
clone 294 was the inoculum. The Iq w^as resistant, the Iq 
showed 43.0,% wilt, and the F. lines segregated in^a 1:4:4:"^, 
ratio (P 3: >0.9 in a Chi-square test) . The F, ol the hack- 
cross, Dakota 48-90 (Dakota 48-94 X Dakota 48-90 Fj ), 


had 77.5% wilt wliL-n it was expected to Ime 750 / ][ 


Dakota 48-90 has tlie genot)'pe aabb. 

Inoculations with ck)ne 33-1 indicate that bolii parents 
have the same genes for resistance to this cIoikv siiae neither 
the Fj, F., nor backciTrss populations siiowid snoiC' suscepti- 
bility^ to wilt than the parents. It is possibk' ih.u tlk- parents 
liave different, but alleiomorphic genes for rislsiance. rhoiigli 
this is unlikely since both carne from the same variety. 


Summary of data from all cro.sse.s 
Adding together all then data from the tliree ua'HNes t>f 
this study, aiul considering only situatiuiis whrre tlala were 
obtained from naturally infested soil of the ihirns lu'eid or 
from soil inoculated witlrdone 29L the frequencies of F., 
lines in the i infection classes (3(), 82, 86, cual 176) approxi- 
mate a 1 :4: i:7 ratio (P 3: 0.2 to 0.1 in a C'hi-square test). 
The range of the infection classes varied from t russ to cross 
in accordance with the distribution of F./ lines {table 1); the 
'dareak' 7 between infection classes coincided witli the cla.sses 
having low frequencies or was inarked Iw a gap in the dis- 
tribution of F„ lines. 


Backcrosses 

The genes A and B arc being transfenvil ti> Punjab -iT 
and Imperial by backcrossing; siiue lm|X'rial, like Puniab 47, 
is a selection of Punjab, it is presumed to liave the genotype 
aabb. The usual procedure has Ixen to gnnv Iq on wilt- 
intested soil and backcross surviving plains tii the recurrent 
parents. In some instances the !q has IsLen griwvn in soil 
inoculated with clone 294. though it has Ixen mure conve- 
nient to grow the Iq, in naturally inksted sod of the Burns 
Field, where clone 29 i was obtained. In making these back- 
crosses, the only gamete conferring wait rcsisiance in the 
hybrid and its progeny will be AB, gi\ ing a backcross 
with the genotype AaBb, hi other words, il the backcross 
Iq populations show resistance to wilt they should hac'e the 
same proportion of susceptible plants as Iq nopiiiations of 
this study, namely 35 to 70%. populatioiis of the third 
backcTOs.s of resistant materials of the cro.ss, Punjab X Dakota 
48-94, to Punjab 47 and Imperial were grown in the green- 
house in soil inoculated with clone 294 and in naturally 
infested soil of the Burns Field; they were not duplicate 
plantings. As expected, some F.^ populations were very sus- 
ceptible, these stemming presumably from the union of the 
gametes Ab, aB, or ab with the ab gamete of the recurrent 
parent. The average infection of those considered resistant 
(48 out of 69 in the field and 52 out of 112 in the green- 
house) was 48.3% in the field and 62.0% in the greenhouse. 
Such Fo populations with some resistance are believed to 
stem from F^ plants wdth the genotype AaBb. 







mm 






KNOWiJiS AND HOUSlX>N: INHERITANCE Of RESISTANCE TO FUSARHJM WILT IN FLAX 


. The bat;kcro5s .IT j'^upulatjons' oi' the .Bums lucid were 
also 011 wilt infested soil of the Ch>at .ICmch, ’die. 

soiiive of clone s>-l. PopuLilions susiLpiible on tlie Burns 
Field were also sustcptihlc on tlie Gooi Ranch. But the F. 
populations txdicved io stem Ironi the 1%, geinitype Aa..Bb and 
showing some rcmstaihe in the Biiros [‘ield svere in most 
cases higthiy stisccplildc on t!ie (hcit Ranch, though a few 
were partially resistant, lliis jnigiit be expected, in the light 
■ of the behavior of FT lines jnoculated^ with clone 33-1, when 
it wvis assumed that genes for resistance other than A. and B 
in Dakota 4B-9-1 gave resistance. 'The sinall number of biude- 
cross F. populations \\'ilh rcsisrani:e to wilt on the Goat 
Ranch would be a a'nisei|uenic' of no selection for such 
resistance; ail backrross If » populations were grown, on natio 
rally infested soil o\ iht iiurns iield or on soil inoculated 
with a wilt ciom.- thcrcfroin. ff one gene gives resistance to 
the will of the Gicu Ranclc and the,re has been no selection 
for this resistaiutc l ai tlic F. plants from the third back- 
cross to the susceptible parent- shoiik! be heterozygous .for 
this 'gene; their progeny: slio-u id exhibit; some resistance. .Actio 
■ally 7 out of 69 F,, pi'>pi?la.iions Iroi'n the diird backcross 
showed resisLince tn wilt on tlu- Goat Ranclg if a popula- 
tion is .resistant With less -than wait. 

■ D.!'SC:ilSSION 

it was not surprising in llns study h> lind the flax \arieties 
Punjab and Pun|als -P de\oid i.>f genes for resi stance to 
Fusariiim wile Ikith 0 * 1^1 ies have been anxang those most 
susceptible to this disease in tests on bt)th naturally infested 
and inoculated soil, l.luav ha:. I.ven one exception; resistance 
was found in one plant ot Punjab sur\a’\ang in oaturaii)' 
infested .soilof the Burns Field ( 1 1). Resistant progeii}' from 
this surviving plant were composited as a new variety, Pun- 
jab 53 . The fact that Punjab 33 is resisiaiit to clone 287 and 
294 and resistant i>n naturally infested soil of the Burns held 
suggests that its resistance- may be due to genes A and B. 
But because it is susceptible to wilt on die Goat Ranch, 
wliere clone 33-1 vv-as obuuned, it probably has no other 
genes for resistance. aSttidies are anderway to verity tliis 
conclusion. ■ 

On the other hand if \va,s rather surprising io find the 
variety Dakota to lx. a mixiutC’ nf le-sistani and susceptible 
plants (11). (.Hit of i"'-! selections, 26 or Ft. 937 were highly 
resistant. 1lie resistance: oi Uiese >:eleciions has appeared simi- 
lar to that of Dakota in this study, and has prevailed 

against all wdli clonus in our tests. Sixteen of these re.sistafit 
selections were composilcd to iorm the variety Dakota 52, 
and recommended for San Mitco County. Tlie recommenda- 
tion has been withdraevn, sirice Dakota 52, like Dakota, 
proved to be susceptible to flax rust (Ale/iimpsora Ihu (Pers. ) 
Lev.) which appeared for the iirst time in San Mateo County 
in 1952 . An effort wilt be made to learn whether or not all 
Dakota selections liiglily resistant to wiU ha\e the same genes 
for resistance as Dakota 48-94. Susceptible seleitions of the 
same variety will also be studied to determine their similarity 
to Dakota 48-90. The variabilit)^ in the genetic constitution 
of plants of the variety Dakota lias emphasized the impor- 
tance of basing genetic studie,s on products of crosses between' 
single plants. 

Equally as important as the selection of parents is the selec- 
tion of the pathogen. When tliis study was in its eajflier 
stages,, clones 287 and 294 gave similar results (figure 1), 
and both gave data similar to that obtained from naturally 
infested soil (table 1). There was reason to. believe that 


the dioice of wilt clones did not matter too much, so long 
as other pathogens and insect larvae were excluded. Resist- 
ance seemed to be simply determined by the complementary 
genes A and B, The fact that these genes give no resislance 
to wilt clone 33"-l has forced a revision in this idea. At least 
a third gene and perhaps more are necessary for resistance 
to this clone. 

While genetic studies will of Jiecessity be Imiited to the 
use of only a few clones of wilt, it would be unwise to 
place the same limitation on tests of materials in a flax 
improvement program. There is need for tlie wilt plot in- 
fested with Wilt as it occurs in commercial fields. 

SUMMARY 

The wilt-susceptible varieties Punjab (Cl. 20), Punjab 47 

(C.I. 1115), and Dakota selection 48- 90 were crossed with 

a selection of Dakota (CL 1071) termed Dakota 48-94. 
Fp F^, F,p Fj and backcross materials were grown on soil 
which was naturally infested with wilt or inoculated with 
one of three w^iit clones. 

Two compiementar}' genes F//a and — ^termed A and B 

for convenience— -w'ere found to be responsible for the resist- 
ance of Dakota 4B--94 to wilt clones 294 and 287 and to 
the wilt ol: one naturally infested location. Punjab, Punjab 4/ 
and Dakota 4S-90 liave the genotype aabb. 

These complementaiy genes do not give resistance to the 
wait of a second naturally infested location nor to wilt clone 
33-”l obtained therefrom. Dakota 48 9 i a.ppears to have a 
major gene hu* resislance io this clone. 
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Comparison of Original and Third Generation Sibbed 
Seed-Stocks of Si Lines of Corn’ 

E. J. Wellhausen, Sterling Wortinan, and Ernesto Peterniani- 


I N THE Mexican Agricultural Program of The Rockefeller 
Foundation, lines of corn have been used extensively 
for the production of commercial double and three-way 
crosses. Two of the most important hybrids presently in pro- 
duction are combinations of Sj lines which yield from 25 
to 40% more than the open-pollinated varieties in their 
juaturity classes. Although many hybrids developed from lines 
self ed four to five generations have been tested against these 
original combinations of lines, none has been found supe- 
rior to the Sj^ combinations in yield. lT>r this reason, the 
use of Sj lines for the production of commercial crosses has 
been advocated for those countries where new programs of 
corn improvement are being developed. 

The use of lines for ccminiercial crosses has been criti- 
cized to some extent by other investigators. Their argu- 
ments are: that, because lines retain about 50% of 

the heterozygosity of their open-pollinated varieties, they 
are so variable and so vigorous that contaminants cannot be 
eliminated effectively in increase plots; and (2 ) that Sj lines 
retain so much genetic variability that selection, whether 
natural or artificial, would be important in causing changes 
in the genetic constitution of the line. 

The present study was designed to determine whether or 
not any of 28 important lines in the high altitude breeding 
program had dianged through three successive generations 
of sibbings. 

MATERIALS AND METHODS 

Seed from the original first generation selfed ear of each of 
28 lines was planted in 1950 and crossed with an unrelated tester. 
At the same time, third generation sibbed seed of each of these 
lines was planted and crossed with the same tester as its original 
counterpart. Each of these sibbed stocks had been increased through 
three generations, as follows: 

For each generation^ 60 seeds were planted of each line in 2 
adjacent rows. In the first row, 10 ear shoots were bagged before 
the appearance of silks and pollinated by a mixture of pollen 
from 10 plants in the second row. Although pollinators were 
told to pick plants at random, a certain amount of visual selec- 
tion obviously took place, with a total of approximately 60 plants 
to choose from. At harvest, seed from the 10 plants was composited. 

The 28 pairs of crosses were tested for yield in 1951 at the 
breeding station at Chapingo, Mexico, using a randomized block 
design in which the 28 pairs were planted together in paired 
plots and the paired plots distributed at random in each of 8 
replications. During the season, data were taken on important 
agronomic characters, and yield. The yield data were corrected 
for differences in stand and moisture, and were subjected to a 
standard analysis of variance. Also, the eight comparisons of 
the two seed stocks, for each line were analyzed separately with 
the ”t’' test, both considering and ignoring the paired relation- 
ship in each replication. 


2 Journal Series- Paper No. 20 of the Mexican Agricultural Pro- 
gram of The Rockefeller Foundation. Rec. for publication Oct. 21, 
: , / 1954. 

^ ® Local Director, Geneticist, and former Latin American Scholar, 

. V ; respectively, with the Mexican Agricultural Program of The Rocke- 
feller Foundation. 




EXPERIMENTAL RESULTS . . ' 

The 28 crosses invcdviiig ariginal lines yielded an average ; 

of 15.53 kilograms per plot or 110.8 bushels per acre, while ■ 

die 28 cross(S of sibbed lines yielded an average of ^ 15.62 
kilognims per plot or 111.4 bushels per acre. Ihe dilference 
was not significant. 

When, the topeross yields tor each pair oi seed-stocks 
widiin lines were analyzed, using the "t" test, and the paired 
relationship was considered, nine sigrii ticani or highly signifi- 
cant differences in yield were found, as shown in table I. 

Of these nine diilerences only three \\ere signiiicant when 
tlie paired relationship was ignored. Howev er, accord mg to 
Fisher, "It sometimes occurs that one mediod shows no sig- 
nificant difference, while the oilier brings It out; it either 
method indicates a definitely significant difference, its testi- 
mony cannot be ignored, even if the other method fails to 
show the effect.’"* On this basis, thcrei'orc, 9 of the 28 lines 
appeared to have changed in combining ability; 4 slaawed 
losses and 5 showed gains. 

A summary of the agronomic data obtained for the three 
lines Urq. 155, Urq. 130, and Qro, V-49, for which 
large changes in combining ability were observed, is given 
in table 2. 

There were no important differences between top crosses 
of original or Sib.y stocks for any of the agronomic charac- 
teristics on which notes were taken. This was true also for 
the other 25 lines. It was thought at the time of harvest 
that no changes had accompanied sibbing in any of the 
28 lines. 

. DISCUSSION ■ . 

Three years! mass-sibbiiyg caused changes in the combining 
ability of several of the 28 S, lines. The live lines in which 
there was a significant gain iii combining ability are con- 
sidered to be ^44ltrocll^cxH'^ lines, since they were derived 
from introduced varieties not adapted to the Gentral Mesa 
where the sibbing wasS done. These gains might be attributed 
to selection for adaptation to Ceiitral Mesa conditions. How- 
ever, the four lines in which losses occurred are also 'fintro- 
duced" lines, and the changes here might be due to con- 
taminations and/or insulficient sample size in sibbing. 

No visible differences could be detected between the top- 
crosses involving the original and Sib., stocks for any of the 
28 lines, even where significant differences in yield were 
found. It must be assumed, therefore, that not all changes 
in combining ability or contaminations in Sj lines can be 
detected visually. 

Although composite sibbing was detrimental in only 4 
of the 28 lines, it must be recognized, on line basis of 
these data, that the danger of detrimental changes through 
contamination or conscious or unconscious selection definitely I 

^ Fisher, E. A. Statistical Methods for Research Worker.^. Tenth 
Ed. Oliver and Boyd, Edinburgh. 1948. 
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Table 1.— Mean yields in kilograms per plot for topcrosses of original and Silv. stocks of 28 Si lines of corn, their mean differences. 

and significance of the differences, as determined by the ’T” test. 


S 1 line i 

i 

i 

8trH‘k ^ 

1 

Mean 

yield 

Kg. 

^ M,ean 
fiifference t 
Kg. 

Signifi cancel 

S ! line 

Stock 

Mean 

yield 

Kg. 

Mean 

ditlerencet 

Kg. 

Significance i 

P. 

N.P. 

P. 

N.P, 

Urq. 130 1 

Orig. 
Sib,, , 

17.89 

16.51 

-*1.37^0.47 

* 

;VJ}; 

Qro. V-49 

Orig. 

Sib;, 

14.70 

12.70 

-2.00=^0.35 


5j: 

Dese. 4-I-. 

Orig. 

Sib 

17.07 

15.99 

~1.09±0..50 

NS 

NS 

Qro. V--185 - 

Orig. 
Sib V 

15.90 

16.07 

+0.17*0.27 

NS 

NS 

Qro. v-m.: 

Orig. 

Sib 

15.62 

16.70 

+ 1.08=1=0.38 

ii; 

NS' 

Qro. Vl-185 . .- 

Orig. 

Sib;, 

13.16 

13,21 

+ 0.05 . 51 

NS 

NS ' 

Qro. VI-366 

Orig. 

Sib 

14.12 

I5.;i2 

-PI. 00 '^=0.37 

+ 

NS 

Urq. 97 

Orig. 

Sibs 

15.39 

16.20 

+0 . 81 4=0 .32 

:ir 

NS 

llrq. 104 

Orig. 
Sib ,1 

19.25 

19.62 

-f-0.38^^0.63 

NS 

NS 

Urq. 66-.... 

Orig. 
Sib ;; 

14.84 

1 5 . OO 

+ 0.16-0.52 

NS 

" NS. 

Urq. 124 

. 

Orig. 

Sil) 

16.25 

1.5.52 

-0.71 *0.30 

1: 

NS 

Qro. V-69 . 

Orig. 

Sib;, 

14.. 59 
13.70 

-0.89 =*=0. 36 

'b 

NS 

Uni;8l , ... . 

Orig. 

i Sib;; 1 

[ ' 

,16. 16 
16.64 1 

+0.4,8*0.62 

NS 

NS 

Urq. 144,,.,... 

Orig. 

Sib. 

17.46 
17.S4 ^ 

+().38=i=0.43. ^ 

NS 

NS 

Urq. 155 ..... . 

1 \ 

I Orig. 

1 Sib;, 1 

i 14,:10 1 
1 16.46 1 

+2.36*0.44 

•i- . : 


Chap. 1-54 

Orig. 
Sib . 

16.00 

17.17 

-1-1.1 7.1.0.47 


V 

Qro.V-122,.. 

i Orig. 

1 Sib;. ; 

iaj.2 i 
1 13.95' 

i, ' 

1+0.83*0.40 

; 

NS'- 

' NS 

Chap. IV-146.., . 

Orig. 

Sib 

15.62 

15.60 

-0.02-^0.66 

NS ■ 

NS, 

Urq. 54 

Orig. i 
Sib." 

1 16.37 
i 16.99 

j -f 0.61,=:*^^ 0.37" 

.NS ^ ' 

NS 

' Hgo. 1-5,,,, ■ 

Orig. 

Sib'. 

16.46 

16.57 

' +0.11 '-*=0.41 

: NS 

NS ' 

Qro. VI-505 

j Orig.' 

1 Sib:, 

12.46 
. 12.53^ 

+0.07=i=0.ie 

NS, 

NS 

Hgo. 1-1 : 

Orig. 

Sib 

1 5 .76 
15.74 

-0.02=^0.43 

NS 

NS 

Urq. 138 

1 Orig, 
i Sib:, 

i 14.85 

1 15.05 

■ 4-0.20-^0.59 

NS 

NS 

Chap. IV~79 - 

Orig. 
Sub :i 

14.64 

14.72 

1 +0.09 =*=0.25 

NS 

: NS ' 

Urq. 165 

1 Orig. 

I Sib;, 

i 

1 14.22 
14.17 

-0.05=^0.44 

■ NS 

NS ■, 

Chap, 11-148.,.-... 

Orig. 
Sib .1 

15.94 

14.45 

i 

-1.49*0.66 

NS 

NS 

Urq. 56 .: .. 

I Orig, 

I Sib;; 

J 

1'7 . '34 
17.54 

1 

1+0.20*0.55 

I 

NS' 

NS 

Chap. 11-187: . . 

Orig. 
Sib ;; 

= 15.47 
15.65 

+ 0.18*0.. 52 

NS 

NS 


t Average tti inUivi.iual (HmTi-uit- betweim mired plots ia ids; Id A positive msvm iiuiieaU's a guin In coiubining ahiliiy with sibbiag:. A iiega- 

live value TejueH'Uls a loss. 

i* Sjauificaacc' valufi won* tletfisofiteil |>y ihi‘ lest, both eorishleriug the p-iired rei.'UionshitJ (F,) atai ignoring, it iN.* . t 
' ShHUJicatU at the .'C; ie'/ei. ' , 

* Siitnitkaii* at the 1*. h'\el. 


Table 2.— Agrononiit characteristics of original and Sib., stocks of three S, lines from the high altitude breeding program in Mexico, 

in which changes in combining ability probably atcompamed mass stbbing. 


,. Line 

Sto(?k 

Rating*' 

Height in meters 

Days 

, ,to , 

' 'fioW'er 

Ear 

Mature 

plant 

Green 

plant 

Lodging 

Broken 

plants 

.Rust 

Ear 

Plant 

, 

Urq. 155'..,. - y. :2. ^ 

Grig. 

: 2.7 

1,9 

2.8 

1.0 

1.3 

3.8 


2.8 

102 


Sibn 

2.7' ' 

1.9 

3.1 

1.0 

1.1 

3.8 

1.9 

2.9 

102 

Urq. 130 i 

Grig.,,'"- '1 

2.3 

1.1 

■ 

2.4 

1.0 

1.0 

3.1 

1.9 

3.1 

103 


: Sib:'«^y' + 

2.3 

1.1 

2.5 

1.0 

1.0 

3.1 

1.9 

3.0 

101 

Qro. V-49. , , . ' 

Orig. 

2.5 

1.6 

3.2 

1.1 

1.1 

4.0 

1.8 

2.9 

100 


Sib, 

2.6 

1.6 

3.3 

1.1 

1.4 

4.0 

i.t; ' 


99 













ths rating scale wed, I.O was considered excellent, 5.0 was poor. (Average of eight replications.) / - ' - 


\ , A/ ' : 
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exists and is probably much greater in lines than in more 
homozygous lines propagated through sibbing. However, 

lines have been successfully used in double cross hybrid 
production in the Mexican corn improvement program for 
the past 6 years. Perhaps this success is due in part to the 
methods used in propiigating these lines, which are as 
follows: 

1. The original S., seed is carefully increased up to 50 
to 100 Kilos as rapidly as |30ssible by liand sibbing under 
isolated conditions, 

2. This seed is placed in cold storage at 8 to 10% mois- 
ture, which will maintain its viability over a relatively long 
period of time ( 10 years) . Its combining ability is tested 
immediately and, if found as good as or better than the 
original, this seed serves as basic seed stock for future 
increase plots. 

3. Isolated increase blocks are planted from this original, 
hand sibbed, basic seed-stock and propagated for 2 or 3 
generations or until obvious changes appear. After contami- 
nation or changes are evident, the propagation plots are again 
planted with the basic seed-stocks in cukl storage. 

4. When it becomes necessary to increase the basic stock 
now in cold storage, it will be done carefully under isolated 
conditions and the new increase tested against the original 


to make sure it has not lost combining ability or other char- 
acters. S.^ lines are quite vigorous and seed increase is greatly 
facilitated thereby. 

SUMMARY AND CONCLUSIONS 

Original and Sib^ seed-stocks of 28 S, lines of corn from 
the high altitude breeding program in Mexico were out- 
crossed to an identical unrelated tester. Ihe topcrosses were 
tested for yield to determine whether or not any changes 
in combining ability had accompanied the three generations 
of seed increase through a composite sibbing technique. 

Changes occurred in 9 of the TS S, lines by 3 generations 
of composite sibbing. In five of the nine lines the changes 
were beneficial — the combining ability of the line w^as actu- 
ally increased. In the remaining four, combining ability 
was decreased, probably because of uniavorable selection or 
contamination. 

No visible differences in agronomic characteristics were 
detected between the original and Sxb.. topcrosses /within 
lines, even in those cases where yield differences were 
significant and large. 

A pracedure for reducing possibilities oi: contamination 
or selection in the propagation and use of Sj lines is 
presented. 


Interspecific Hybridization of Melilotus alba x M. Officinalis 

Using Embryo Culture' 

G. T. Webster^ 


S WEETCLOVER breeders have been striving for several 
years to develop procluctic'e strains wdiicli are free from 
or relatively low in coumarin. Following Smith’s (8) suc- 
cessful transfer of genes for low^ coumarin content from 
Melilotus dmtata to white sweetclover, AI. more rapid 
progress lias been made tow^ard this goal. The resulting low 
coumarin strains are all of the Al. albct type, whereas there 
is considerable evidence that varieties of the yellow-flowered 
species, Al. offldnaiis, are more drought tolerant and better 
adapted over much of the Great Plains Region. 

Selection within strains and varieties of M. officmal Is has 
failed to produce plants which are low^ enough in coumarin 
to be of use in a breeding program. Efforts to introduce 


been reported. Abortion of the ovules usually become.H evi- 
dent within 8 to 10 days after poilination, and decomposition 
sets in by the 1 4th to the 15th do). 

Examination of these ovules frequently revealed embrjos 
which have become well developed before collapse occurs. 
It therefore appeared evident that low coumarin strains of 
AI. u//m might be successfuliy hybridized with /M. ojjkmalis 
through the use of embryo culture. Since success in the use 
of this technique with sweetclover has not been reported, a 
study of aiethods and nutrient materials was undertaken. A 
recent review of the literature pertaining to this subject was 
reported by Keim (4). 


genes for low coumarin directly from M, dentatd have not 
been successful, since this species and M, officinalis appear 
to be completely incompatible even though their chromosome 
numbers are the same. Reciprocal crosses between M. offici- 
nalis and .M. alba frequently result in a stimulation of ovule 
development, altliough viable seed from this cross has never 

^ Contribution from the Agronomy Dept., Nebraska Agr. Exp. 
Sta., Lincoln, Nebr., in cooperation with the Fields Crops Research 
Branch, A.R.S., U.S.D.A. Published with the approval of the 
Director as paper No. 653, Journal Series, Nebraska Agr. Exp. 
' . ' Sta. Rec. for publication Oct. 21, 1954. 

' , ■ ' ® Formerly Associate Agronomist, Field Crops Research Branch, 

’ ■ . ; U.S.D.A., Lincoln, Nebr.; now Head, Agronomy Dept, Kentucky 
, / "Agr. Exp. Sta., Lexington, Ky. 


MATERIALS AND METHODS 

The first medium to be used was basically Crone’s modified 
nutrient solution which Parkey^ found to be salisfuctory in cultur- 
ing buffalograss embryG.s. The stock salt mixture consists of the 
following: 

; . KCl I0.(> -gm.' 

2.5 gm.. ' . 

^ : :;:Mg$GG7H.o ■ 

. ■... , \Fe:P04- , ^ 2 -.'4 ■; " ' mf 

^Parkey, Wade. Certain aspects of embryo culture and progeny 
evaluation in buffalograss, Unpiib, Ph.D, thesis. Univ. of Nebraska, 
Library, Lincoln, Nebr. 1952. 
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The salts were ground to a iine powder and 1.5 gra. of the mix* 
tu re added to 1,000 ml. distilled water with 0.6% agar and 2% 
sucrose. The solution was sterilixed in glass vials for 15 minutes 
at 15 pounds pressure. The use of vials with cotton plugs was 
tinally discontinued in fa%'oi of bottles with screw caps because 
of too rapid desiccation of the nutrient agar. Sub.sequently, other 
nutrient solutions w^ere tried, including modifications of those 
recommended by Randolph and Cox (5) and by White (H). 
Different levels of sugar and agar concentrations have been studied 
and this work is still in progress. 

Coniamination of the sterile nutrient medium by microorganisms 
was held to a minimum by excising the embryos and transferring 
them to the vials under a transparent plastic hood wLich covered 
the microscope. The pyrex dishes in which the embryos were 
excised and the dissecting needles were frecpiently dipped in alco* 
hoi and flamed. Surface sterilization of greenhouse*grown seed 
pods was not necessary; but the use of material from the field 
resulted in a high frequency of contamination without this 
precaution. 

The embryos were placed on or sometimes just below^ the 
surface of the medium and the vials were then kept in a diffused 
light until some further growth had occurred. At this time they 
were placed in full sun in the greenhouse. When the young 
plants had become well rooted, or iiad nearly outgrown the vial, 
tliey were transplanted into pots containing vermiciilite and cov- 
ered with a glass jar for 2 to 5 weeks. Nutrient solutions were 
added at weekly intervals. As the vermiciilite settled, potting soil 
was added. 

Embryos were removed from the ovules of selfed florets at 
various stages tfl development to determine tlie minimum size 
at which they could he cultured. At the same time, crosses were 
being made among several species, and the immature hybrid 
embryos from tliese were also tfiin.sferred to the nutrient Tnedium 
as they became available. At this time, the crossing program was 
concentrated on AL ojjicinulis and AL u Madrid and 

Common Yellow for the former, and low coumarin, finestem 
Strains of AL alhj. The latter had been developed from crosses 
between Wi.sconsifv low coumarin strains and Nebraska linestein, 
green cotyledon types. 

Quantitative coumarin determinations U'cre made according to 
the revised ffuorometric metliud outlined by Slatensek (7). A 
modified semiquantitative method was used for analyzing larger 
numbers of plants in segregating material. In this process, a 
small notch w^as removed from one of the younger leaves with 
fine-pointed scissors and placed in a 10 by 70 mm. glass test 
tube. Two ml, of normal NaOH solution were then added and 
the racks, containing approximately 150 vials were heated in an 
autoclave for 20 minutes at 15 pt.umds pressure. 5’he use of the 
autoclave and reduced concentration of NaOH appeared to pro- 
duce the same effect as the previous method of adding 2.5N 
NaOH aiul heating for 2% Iiours in an Arnold steamer. 

After cooling, tlie viaLs were examined with an ultraviolet 
lamp in a darkened room. This method serves only to identify 
the very low coumarin plants from tliose which show medium 
low to high content. The green fluorescence from those with 
approxitnately t),5cf, is nearly as pronounced as that in plants 
having up to 2.0% or liigher. Since plants with as little as 0.1% 
coumarin can usually be detected by this methcjd, those which 
show no green fluorescence can he considered to be practically 
coumarin-free. In using this method, or any other, plants should 
be checked two or three times at different stages of growth. 

• '.RESULTS ■ 

Normal embryos, from self-poilination, excised at 15 or 
more days after fertili2:ation could be propagated on most 
of the nutrient media used. At the earlier stages, the per- 
centage of plants established from embryos was progressive!)' 
lower, the minimum age being about 10 days. The search 
for a more suitable nutrient medium and better treatment 
methods for swectciover embryos is still in progress. Results 
thus far have indicated that cither the original nutrient 
medium given in ’'Materials and Methods*’ or that described 
by Randolph and Cox is as satisfactory as any which have 
been used. The ratio of plants established to the number of 
embryos excised is still too low, and it is believed that 
further work will provide a medium which will improve 


this ratio. The most significant improvement has been shown 
when the sugar concentration is increased from 2.0%' to 
4.0 or 5,0%. Concentratiaos as high as 10%i have shown 
definite stimulation of root development although the tops 
have failed to make normal growth at this level. Rietscina, 
ei- al. (7) recently reported similar results in the culture of 
embryos of Datura, Results by others show that the growth 
of younger embi-yos was favored by the higher sugar 
concentration. 

In attempting to cross AI, cilba and Al, officmal/Sf ^ rmdi 
higher percentage of ovule deveiopment resulted when Al. 
officinalis was used as the pistillate parent. When the recip- 
rocal cross was made, ovuie development occurred less fre- 
quently and embryo growth was arrested at an earlier stage. 

The hybrid embryos developed at a somewhat slower rate 
than those from self-pollination. Collapse of the ovules began 
to appear at about the iOth day following pollination, and 
the embryos usually ceased growdi after the 11th to the 13th 
day. This was the optimum stage for excising, since deterio- 
ration set in soon thereafter and removal of the embryos 
without damage was difficult at the earlier stages. The.se 
observations are in agreement with the fio dings of Green- 
shields (2), who made histological studies of the embryo 
sac and the embryo at various intervals following cross- 
poliination. 

Considerable plant-to-plant variation was shown with 
respect to flie frequency of ovule development following 
cross-pollination. Certain plant conibinaiions wetxv cx)iiipletely 
incompatible, while others consistently resulted in a rela- 
tively iiigh proportion of fertilized ovules. Likewise, the 
embryos from these crosses u.siially grew to a more advanced 
stage of development before abortion occurred. 

Ej Hybrids 

Two Al. officinalis X Al. alba hybrids designated as No. 
171 and 174 have been produced from embryo culture and 
reared to maturity. Tlie pistillate parent of both hybrids 
was a single plant of tlie variety Madrid, and the pollen 
parents w'cre low coumarin strains of AL alba. The hybrid 
plants were diaractcrized hy Hgiit green foliage and cream- 
colored flowers. Both .showed approximately 75%; .stainable 
pollen and relatively high self- fed ility. Their total growth 
under greenhouse condiiion.s compared favorably with that 
of tile parental types, aUhoagh their rate of growth was 
slower. 

A normal-green basal shoot, apparently the result of a 
somatic mutation in a crown bud, appeared on hybrid No. 
1.71 soon after the plant flowered. This branch grew more 
rapidly than the original stem and likewise bore cream- 
colored flowers. Rooted cuttings from this branch showed 
the same dark green color and grew vigorously, while those 
from the original light green stem have been dilFicuIt to 
maintain. Plants from this dark green branch were desig- 
nated as 171 A. , 

Color of E., Seeds and Seedling Plants 

Since the Al. alba parents used in these crosses w'ere green- 
seeded in contrast to the typical yellow or mottled seed color 
of M. offiicmaUs. segregation appeared among the F.^ seeds 
produced on the plants. According to Fowlds ( 1 ) , the 
green cotyledon character is inherited as a simple recessive, 
but the seed color is also influenced by the color of the 
somewdiat translucent seed coats. Intras|3ecific crosses of 
green cotyledon X yellow cotyledon types made by this 
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Table L^Fif seedling color and number of surviving plants from yellow and green seeds derived from interspecific hybrids 

M. ofRcinalis >< alba. 1953. Lincoln, Nebr. 


F I hybrid No. 
and 

F 2 seed color 


171A 

Yellow 

Pale green „ 

m 

Yellow - 
Pale green- 


Color of seedlmgs and. number of plants 

Normal green 

Light green 

Pale green 

Albino 

. ■ 

Sur- 

% sur- 


Sur- 

% sur- 


Sur- 

% sur- 


Sur- 

‘ ; sur- 

Emerged 

vived 

vived 

Emerged 

vived 

vived 

Emerged 

vived 

vived 

Emerged 

vived 

vived 

244 

244 

100,0 

87 

79 

90.8 

.53 

35 

66.0 

6 

0 

0.0 

m 

133 

100.0 

38 

31 

93.9 

28 

20 

71.4 

2 

0 

0.0 

300 

297 

99.0 

917 

616 

67.2 

351 

48 

13.7 

29 

0 . 

0.0 

23 : 

20 

87.0 

428 

52. 

12.1 

1458 

0 

0.0 

■ •"> 

0 

0.0 


Planted 


134 

216 


1723 ■ 
2209 


Totals 


Emerged 


390 

196 


1597 

1914 


Percent 

emerged 


89.9 

90.7 


92.7 

86.6 


writer have given good fits to a 3 to 1 ratio in the F., gen- 
eration, and the Fj, progenies from green cotyledon types 
have produced only green seeds. 

Classification of Fg seeds of hybrids 174 and 171 A was 
somewhat difficult because of the masking influence of the 
yellow seed coat. In many instances, before a seed could 
be properly classified, the seed coat had to be partially re- 
moved to expose the cotyledons. When this was clone, cotyle- 
; dons of a yclIow-grcen color were frequently noted, tlie 
same color as is found in a high percentage of seeds of 
M. ofjic'niaUs. Seeds with green cotyledons are described as 
pale green because of the yellow seed coats. 

The ratios of number of pale green to yellow shown for 
the F„ Seeds of these two hybrids were distinctly different. 
In table 1, approximately 2 yellow seeds to 1 of pale green 
are showm from hybrid 171 A, 'while hybrid 174 produced 
only 43.8% yeliowt seeds. The latter repre.sents a random 
sample, w^hile the former does not. From seed subsequently 
produced, counts showed a total of 2,640 yellow and 754 
pale green seeds from hybrid 171 A. This number approaches 
a 3 to 1 ratio, although the of 14 indicates a sig- 

nificant deviation from this ratio. A similar classification of 
1,674 seeds from hybrid 174, however, again showed 690 
ycliowc and 984 pale green or 41.2% yellow. It is therefore 
obvious that normal expected segregation for seed' color 
did not occur on this hybrid plant. 

^ The differences in color and the viability of s plants 
from these two hybrids were even more striking, as is also 
shown ill table 1. Approximately one-half of either yellow 
or pale green seeds from hybrid 171 A developed into nor- 
mal green seedlings, the othcTS being listed as light ^g 
pale green, or albino, and these showed only a gradtiar reduc- 
tion in viability from the normal green types to those with 
less chlorophyll. In contrast, among the seedlings from 
hybrid 174, only about one-sixth of those from yellow seeds 
were normal green, and from the pale green seeds, only 23 
, from a total of 2,209, or about 1%, developed into normal 
green plants. Furthermore, a very higii rate of mortality 
occurred among those classified as light green or pale green. 
Only 12.1% of the light green, and none of the \,45S 
pale green seedlings in this group survived. A lethal factor, 
associated especially with plants from green seeds, there- 
fore appeared to have been present in hybrid 174 but not 
in 171 A. 

Fo Flower Color 

The intermediate cream color of the F^ flowers and seg- 
regation in the F^ generations were similar to that previously 
• described in the white X yellow flowered interspecific hy- 
brids, M. alba X Af. saaveolens and M, alba X polonka 


Table 2.^ — Segregation for liower color among F«' plants from 
two hybrids, M. olficinaHs and M. alba. 1953. 
Lincoln, Nebr. 


Pi 

hybrid 

No. 

Number of F plants in each color class j 

Total 

plants 

Yellow 

Dark 

cream 

Cream 

Light 

cream 

White 

171 A. 

174 

0 

10 

m 

24 

295 

71 

88 

17 

1 

0 

0 

413 

1 22 


Table d.—Distri but ion of self-fertility scores of F- plants from 
two interspecific hybrids, M. olEcinah’s >:. M. alba. 
1955. Lincoln, Nebr. 


■ 

Number of F 

plants in each class* 

J? £ 

hybrid No. 

1 

O 

3 

4' „ 

' 5 

174„., 

8 

31 

16 

10 

0 

171A 

14 

56 

77 

i 

114 

34 


■ Score 1 highest fertility; ,5 lowest. 


Table 4.-— Fertility of interspecific Fi hybrids backcrossed 
to both parental types, 1953. Lincoln, Nebr. 


Reciprocal backcross 

i'„- No. , 

i flowens 
pollinated 

No. pods 
developed 

Percent 

fertility 

174 X M. officmalis . 4. ^ 

466 i 

AT 

'8.3 ' 

174 X M. alba,_._ , _ 

,12f 

'■ '-S ■ ' 

4.0 

171 A X M. officinalis.^ - . ' 

155 

'21 

13.0 

171 A X M. alba.-..Y. „ ! 

131 

. .23 / 

17.5 


(10), Segregation for flower color among F.^ plants of both 
hybrids is shown in table 2. All plants were classifit'd by 
visual matching of racemes with racemes selected to repre- 
sent each of the five classes. Among the 122 plants from 
hybrid 174, ten were found to be as )'ellow as the Ai. 
offic'nmUs species, but none was as white as Ai, alba. Even 
though a total of 413 F, plants from 171 A vvere examined, 
neither of the parental types was recovered. Several of those 


■^Webster, G. T. Character inheritance, fertility relationships 
and meiosis in MelHotus, Unpub. Ph.D. thesis, Iowa State College 
Library, Ames, Iowa, 1949. 


WEBSTER: INTERSPHCfFIC HYBRIDIZATJON OF MHII LOTUS ALBA X M, OFFICINALIS 


141 


ciassiiicd as light cream ai’jpcarcd io be white, but closer 
examination invariably slKnved traces of yellow, especially 
in the buiI stage. 11hs cliaraclcri.siic was not found on the 
tlowers of AL jik-L E'roni these data it is evident that iicnver 
color in these crosses was detennined by a minimum of 
three, and most likcl)* more tlian three, factor pairs. 

Self-fertility of F, Plant.s 

No attempt ^was made to giw numerical values to the 
degree of self-fertility of the Ig plants, although both were 
more highly selt-iertilc than the mean \alue of any repre- 
sentative group of Ai . ''/A plants and apj:3i:oadied' that 

of Ai. tilba. This self-fertility was also expressed in tlie F., 
population. Plants were selfed at irregular intervals by roll- 
ing the racemes between the thumb and first 2 lingers, and 
self -fertility scores from 1 to 5 were assigned to each j^lant 
when the seed pods liad Ixcoitie well developed. Although 
ratlier crudely estimated, tlu distribution of seif-fertility scores 
shown in tal>le ;s indicate relaricely liigli \'alu.es among many 
of the ly plants. 

Coumarin Content 

Couniarin analoes oi grcL-nliouse pLuits tend to give lower 
and less reliable ta^adings tluin plants making nctrinai growth 
in the field. Also, readings oi different plants taken at unequal 
stages of dec elupnamt may luri: be cornparable, .since the stage 
of growth has been sliowii to be a facior in fatal, couniarin 
content (7). Hovvever, it liias been observed tliat those plants 
wiiich are rnakiiig normal growtli in the field or in tlie green- 
house, and showing consistently asero readings, usually pro- 
duce progenies which are likewise low* in coumarin. 

From an analysis of the bachcross progeny of Inhrids 
hetweeO' AI. A!ka and - Af. Jenfaia, Smith. (9) proposed 2 
genes, the one reducing coumarin content from 2.5% to 
0.5%- and being recessive to high content, the other reduc- 
ing the percentage to 0.1 \virh no doniinance. He .further 
suggested that the iw'o genes acting ti>gei:her render plants 
counurin-free. 

Quantitative anvilyscs of ilie 2 F, pLints taken at the early 
bloom stage in tlie green fit uise sfiow ed liybritl No. 174 witli 
n.TdQ; voumarin, and No. 171 wirfUf).!?^/. Botli j>lanf.s 
had one AL j/ (jit hud parent in cornmon but cl ilferent AL 
j/lhi parents. None of the -193 plants frttni hybrid Nt). 174 
were found to lx lt>\v eru)ugki to give zert) readings. How- 
ever, among I62 plants from hybrid No. 17 1 A, SO wliidi 
showed no (Oiimaiin with the short fluoronietricanethod were 
saved foi biik(ios>ing to AT ajfic/rudh. This vvoiild suggest a 
single rccLsstvc nia|or gene for low coumarin, although analy- 
ses of plants grown only in the greenhouse should not be 
accepted as being conclusive. 

Results of Baeivcrossing with Respect to Self-Fertility 

Both hybrids were reciprocally backcrexssed to each of the 
parental species, with the results shown in table 4. Hybrid 
171 A again produced different results from that of hybrid 
174, with a much higher percentage of seed set in relation 
to the number of flow'crs pollinated. Tin's difference may 
have been due in part to tlie general lack of vigor of 174 
compared with 171 A. Selected kw couniarin plants from 
17 1 A have also been successfully backcrossed to both par- 
ental species. Most of the resulting plants are vigorous and 
highly self-fertile. 


Cytological Studies 

Analyses of chromosome behavior at mciosis hav^e not been 
completed, although smear preparations of pcAleii mother 
cells from the plants examined thus far have indicated 
a high degree of liomology between members of chromosome 
jxiirs from the two specie,s. This is to be expected, consider- 
ing the high self-fertility. Some degree of abnormality is 
suspected, since at metaphase I two of the bivalents consist- 
ently appear to be in contact, usually at one end. Numerous 
cells liave been observed in whicii six bivalents are apipar- 
ently normal, but in all cases the other two aj^pear to be 
attached. At anaphase F and prophase 11, distribution of 
nine and seven instead of the normal eight and eight were 
occasionally observed. Excluded chromosomes and micru- 
nuclei have been noted in quartet stages, but not in sufficient 
numbers to account for the approximately 25% aborted 
pollen. 

Tlie morphological characters of one of the F,, plants 
closely resembled those of tetraploid Ai, u/ha described by 
Johnson and Sass (3). The leaves were broader and thicker, 
with more prominent marginal serrations, and the iloral parts 
were larger. Stomatal size was not determined, but the pollen 
grains were sliglitly larger and more rounded tlian the oval 
shape of the diploids. Only 5 to 1077 of the pollen grains 
sliowed abortion, and the plant was highly seif-fertile. Exami- 
nation of pollen mother cells revealecl chromi)some nimibers 
t.o/isiderably higher thair I6, althougli no accurate counts 
^;ould he made. This plant was lost before a sufficient num- 
ber of sporocyte saniples could be collected for farther study. 
Root tip smears from germinated sdfed seed ot this pkuU 
also showed a chromosome iiiimber approaching 32, and in 
a few instances actual counts of this number could be made. 
Five plants produced from selfed seed of tins tetraploid all 
showed the same flower color, pollen size, and other morpho- 
logical characters of the parent planL This would indicate 
that the original F.^ plant and its progeny could proba.b}y be 
class ified as amphidiploicls. 

DISCUSS10,N . '■ 

Mudi work remains to be dune to determine vvhethcr an 
improved iiiutiflent niediiun for culturing sweetdover embryos 
can be developed. Also, it is not known to what extent the 
frequent growth failure of the excised embryoic is due to the 
medium itself or how much can lx attributed to damage 
to the enibryo during the excising priKCss. It is quite pos- 
sible that both are contributiniy factors. 

The data available at this la oie are not easily inter- 
preted on a genetic Ixisisf Even though me i os is of tlx Ig 
plants appears to be reasonably normal, the 25% aborted 
ptdlen inclicates tliat certain types of gametes are lost. If 
certain g.iiiietic recombinations are regularly elirninated as 
a result of sorne selective process, normal genetic F, ratios 
would not be expected to occur. 

Observations made during this investigation further empha- 
size tlie ncces.sily of utilizing large numbers of plants when 
interspecific h)Bridizalion is attempted. In mairc cases, wliere 
the range in variability of the available plant material is cjuite 
narrow, the possibility of obtaining such hybrids might be 
greatly cnIianceJ through the introduction of new sources. 
The cross AT imssuf/cmvs X AL offichuilh, for example, has 
been found to result in a high frecjuency of apparent fertili- 
zation, since ovule development regularly occurred, especially 
when the former species was used as the pistillate parent. 
Numerous ovules have been examined, but in ail cases the 
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embryos foiled to develop to a stage where they could be 
expected to grow on the nutrient agar. MelHcHus messm^'nsis 
is highly seif- fertile and little morphological variation has 
been noted in the material now on hand. It is not inconceiv- 
able that new sources of this species would provide greater 
opportunity to make this cross. Similar results might also 
be expected through the use of new sources of other species. 

Since the cross-sterility barrier between ill . officmal/s and 
M. has been overcome through the use of embryo cul- 
ture, other species aosses, previously thought to be impos- 
sible, should now be reconsidered. From the experience of 
this writer as well as other workers in tins held, it is evi- 
dent at this time that few, if an}^ additional species hybrid 
combinations can be made in the genus witho^u^^ 

the use of this technk|ue. All of the 20 to 25 species of 
Nieltlotiis have been found to possess a somatic chromosome 
number of 16, but to date a total of only 12 species hybrids, 
including reciprocals, have been reported.'* With the excep- 
tion of the hybrids reported here, no other species is known 
to have been suecessfiilly crossed with M. ofuimlh. Some of 
the more uncommon species possess certain desirable char- 
acters which are lacking in the two now most widely grown 
species, M, offiemaUs and AI. dhi. For example, M. taurka 
has demonstrated a high degree of resistance to a serious 
sweetclover disease caused by Ascochyta caulkohL MeUhius 
wolgka is extremely susceptible to this disease, but its seeds 
germinate more rapidly, and seedlings emerge earlier from 
normal planting: d than those of any other known 
spedes in the genus. It is also believeti that if the excep- 
tiohaliy large seed size of M. messanenslsy M. kalka. Al. 
sulcata^ or iM. be incorporated into economic 

species, if might be possible to obtain better stands under 
certain conditions by planting at greater depths. Hybrids 
with -M* might be of additional value because 

of the low coumarin content of this species. 

SUMMARY 

Two fertile interspecific hybrids MelHotus offid- 

nal/s and /M, were produced through the use of embryo 
culture. Previous attempts at hybridizing these two species 
have failed because of early abortion of the embryos. These 
crosses were made in an attempt to transfer low coumarin 
gcinos to M, ofidfud/s. 


® Report of the Fifth Sweetclover Improvement Cotiference, 
June 19, 1951. 



The low coumarin character in the Al. parents used 
in these crosses was originally derived as a result of liybridi- 
zation of this species with Al. Germplasm from 

three different spedes has therefore been incorporated into 
these two hybrids. 

The foliage of the plants was light green in color 
with the exception of a normal green branch which occurred 
on one, presumably as a result of a somatic mutation. Tlie 
flowers of both plants were an intermediate cream color. 

The F, progenies showed segregation for seed and seedling 
color and for Bower color. Low coumarin segregates 
recovered from only one of the two hybrids. Both were suc- 
cessfully reciprocally backcrossed to the two parental spedes. 

The low frequency of meiotic irregularity was insufficient 
to account for the approximately 25% aborted pollen on the 
hybrid plants. Nonnal F^ segregation, however, appeared to 
have been disturbed. 
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Differences Between Seed Lots of Ladino Clover 
in Cyanophoric Properties' 

H. L. Portz and J. A. Jackobs" 



T he Ladino do ver seed ceitification program does not 
provide for limiting the number of generations that cer- 
tihed seed may be removed from a given source of seed. 
In the case of Hanger alfalfa and several other improved 
varieties oi forages^ certified seed is never more than three 
generations removed i: mm breeder seed. Ladino seed from 
fields establislied with certified seed is eligible for ceftification. 
Under such a system any genetic changes that occur in a 
variety, whether they are due to natural selection or ouL 
crossing, may become perpetuated and strains witii in the 
variety may arise, 

UrntRATUEli REVIEW 

The pu'Heiiu* cyam\glucoside in white clover was first repotted 
by Mitan<le (H)) and later identified by Melville and Doak (9) 
as consisting of 8t)% lotanstralin and 20% linainarin. The enzyme 
that hydrolyzes^ tJiese glucosides, releasing free hydrocyanic acid 
has been identifie<,l as linamarase by Coop (2). Corkill (3) showed 
that individual plants coiild amtain both glucoside and enzyme, 
glucoside only, enzyme itily, or neither ionstitiunt. Williams (13)» 
Atwood and .Sul I ivan ( I ) and Caarki 1 1 ( ‘i ) a 1 1 cone I uded f luU: tin: 
presenctM>r absence of the glucoside and the enzyme is determined 
by single dominant genes/ Vanation in the quantity of glucoside 
in different plants was asudbed to t lie effect of m< >difying genes. 

The New Zc^aland Department of Agriculture has used a picrate 
te.st as a means of clover strain kleotifkaticin, follovving the inves- 
tigation of Foy ami Hyde (8). This/ te.st identifies plants that 
contain the cyanoglucosiJe and its hydrolyzing enzyme. The picrate- 
piiper turns a reddish-brown when hydrocyimic acid is released 
followfing hydrolysis. Certified pedigree strains in New Zealand 
are uniformly high in cyanophoric properties'* and the undesirable 
strains are low. Fifty S-day-oki seedlings are tested and the result- 
ing color of the picrate-paper is compared to a set of standards. 
If the color is too light, the seed lot is rejected because of the 
amtamination with undesirable .'itra ins of white clover. Corkill 
(5) has suggested that clover plants uniformly high in enzyme 
and wfithoiit the giuciiside be used. He found this clover to be 
equal in production to the strongly cyanogenetic New Zealand 
certified pedigree strain. 

Ladino clover has lx‘L'n re{K^^^ Fiith (7) tiHu u\ nutphork, 
wfiiile wild wliite clover was found to W i\ mopbom looiolo* 
reported that, of 25 Italian Ladino Hovu simple s tested none 
was cyanogenic. Siillivan (12) ksud 6s5 clones of I uhno and 
only i. 3 gave a positive test foi HCN <3t lOtJ seedlings from 
commercial seed, tally 12 gave a positive test Ihis low tiequency 
of cyanophoric priqxrties in Ladmo clover offens an opportunity 
for selection of noncyanogenedc plants, having neither glucoside 
nor enzyme, to be used as a source of breeder’s seed in seed 
certification. 


and its hydrolyzing enzyme. The seed lots'^ represented the western 
seed-producing region, scattered locations in other parts of the 
United States, and some foreign countries. Approximately 80 seeds 
from each seed lot were planted in rows in flats of soil and growm 
in the greenhouse at Urbana, III., in 1.952-1953. Samples fronr 
California, Idaho, Oregon, and Washington were represented in 
each flat when the certified Ladino clover seed lots were tested. 
From 20 to 32 seedlings from each seed lot were tested when 
there was a minimum of 3 to 4 trifoliolate leaves. A modified 
Guignard picrate-paper test developed by Corkill (3) was used. 
From 0,02 to 0.05 gm. (3 leaflets from each of the 3 trifoliolate 
leaves) of material was placed in each of 3 small culture tubes 
(I.O cm. by 7.75 cm/). A drop of toluene was added to the first 
tube, toluene and a drop of prepared enzyme solution to the /sec- 
ond tube, and toluene and a drop of glucoside preparation to the 
third tube. A picrate-paper strip (0.64 cm. to 6-3 cm.) was in- 
serted in each tube and the tube vvas tightly corked. Color devel- 
opment in the first tube indicated the presence of both glucoside 
and enzyme in the clover seedling. The appearance of color in 
the second tube indicated glucoside, and color in the third tube 
indicated enzyme. 

RESurrs 

The results at this study show that the frequency of white 
clover plants with cyanophoric properties varies widely. Table 
1 shows that an imported Italian Ladino .seed lot had only 

"The authors express their appreciation to E. A, HoUowxIi of 
the U.S.D.A., Beltsville, Md., for providing many of the samples 
used in this study. 


Table 1.^ — Number of seedlings with various cyanophoric 
characteri.stics in five seed lots of white clover. 


Seed lot identifieation | 

! No. of 
seed- 

lings 

Both 

glucoside 

and 

enzyme 

Gluco- 

side 


Imported Italian J 

Ladino. - 

21 

0 

1 

0 

Louisiana Syntiietio 



: j 


No,. 1 . .. .. 

21 

21 

21 

21 

Green Acres White 





■ -Clover /.. 

21 

19 

19 

20 

Commercial White 
Clover Lot S. .. 2. 

21 

0 

0 

1 

Commercial White 





Glover Lot T 

21 

0 

■ 1 , ■ 

0 


■ MATERIALS . AND METHODS/ ' 3 

Two hundred and tliirty-five seed lots of Trijollum repms 
were tested to determine the frequency of the cyanogenetic glucoside 


Table 2.— 'Number of seedlings witlt various cyanophoric 
characteristics in four certified Ladino clover seed tots 
produced in Idaho. 


^ Contribution from the Agronomy Dept., Illinois Agr. Exp. 
Sta., Urbana, III. Published W'ith the approval of the Director of 
the Illinois Agr. Exp. Sta. Rec. for publication Oct. 21, 195*1 
“Assistant, Crop Production and Associate Professor of Crop 
Production, Agronomy Dept., Univ. of Illinois. 

i’Cyanophoric properties refer to a cyanoghicoside and its hydro- 
lyzing enzyme. A cyanogenetic plant is one having both constitu- 
ents, thus releasing hydrocyanic acid. 

‘‘Tonioio, L. Contribution to the differentiation of the seeds of 
TrJ folium repens gl^untum (Ladint> clover) from the 7/ repens 
(white clover). Unpublished paper prepared for 6th International 
Grassland Congress (not presented) 1952, 


1 

Lot 1 

1 

[ No. of 1 
seed- I 
lings 

Both j 
giucosidej 
■ and 1 
j enzyme 

Gluco- 

side 

Enzyme 

487/:. ;::../i./;2 :::/. -1. 

30.-": :! 


O,., 

0 

191 

30 

1 

5 

1 

554 

30 

*> 

7 

17 

E53 --- 

30 

13 

20 

17 
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1 plant nut of 21 with the glucoside. In Louisiana Synthetic 
No. 1, all 21 plants contained both glucoside and enzyme. 
Commercial white clover seed lots from the Midwest con- 
tained plants with the cyanoglucoside or enzyme alone, but 
none with both. 

Variations within Ladino clover derived from certihed seed 
is shown in table 2. The frequency of plants containing 
both the glucoside and enzyme varied from 0 to 43% between 
seed lots obtained from one state, Idaho, and the occurrence 
of plants with the cyanoglucoside varied from 0 to 67%. 

A graphic summary of the cyanophoric properties oi 
Ladino clover plants derived from several lots of certified 
seed is shown in figure 1. The mmiber of seedlings tested 
having both glucoside and enzyme is 2%) of the 1,168 seed- 
lings from Washington, 4% of the 1,622 from Oregon, 9% 
of the 699 from Idaho, and 13% of the 925 from California. 

DISCUSSION 

Differences in the frequency of plants with cyanophoric 
properties grown from certified* Ladino clover seed lots have 
been demonstrated. They suggest the possibility that plants 


m<iy vary in other characteristics as well. Since one ot the 
primary objectives of seed certification is to maintain genetic 
purity of a variety, the frequency of any gene in two differ- 
ent seed lots should be approximately the same. This wide 
variation in the gene frequency for glucoside and enzyme 
suggests that the present certification procedure for Ladino 
clover is inadequate. 

There are at least three possible reasons for differences 
in observed frequencies: 

(1 ) Original seed lots of Ladino clmer have varied in 
their cyanophoric properties; (2) Shifts in gene frec]ueocy 
due to natural selection have taken place; ( 3 j Outcrossing 
with other white clovers has occurred. 

The frequency of cyanophoric properties in Italian Ladino 
clover has been shown to be very low. These samplings do 
not represent the seed lots from which the Ladino raised 
in the United States was deri\'ed. However, the findings 
would strongly indicate that original seed lots of Ladino 
clover were very low in the frequency of plants with cyano- 
phoric properties. 

The possibility that natural selection intiucnced tlie fre- 


% Plants having 


Glucoside 8 
Enzyme 



iisiia 




4414 plants 
147 seed lots 


Tota ( far 4 S totes 


Rig. 1 , — Summary of cyanophoric diaracteristics of certified Ladino 
; . . ’ seed lots from four of the Western seed-producing states. 


quency of cyanogenetic plants in certain areas is strongly 
indicated. Ladino clover is considered ti> be a long-day plant. 

: The latitude, in addition to the favorableness of temperature 
for early fiowering, varies considerably from California to 
Waslrington. If plants with cyanophoric properties blossomed 
earlier than acyanophoric plants when undei* a. short -day 
length, sudi as occurs in California and other soutliern states 
early in the growing season, a mnsiderable genetic shift 
might occur in a few years. Southern types of white clover, 
sudi as Louisiana Syntlietic No. 1, are highly cyanogenetic. 
Recently Daday (6), in a study of gene frequencies in wild 
populations of white clover, found a progressive increase in 
the frequency of recessive genes for glucoside and enzyme 
in moving from southern to northeastern Europe. The domi- 
nant glucoside gene frequency decreased 4.23%? and the 
enzyme gene frequency by 5.16% for each reduction of I " F. 
January mean temperature. 

Gutcrossing with other white clover types must certamly 
be considered. All white clovers are readily cross-pollinated 
by bees; thus, any white clover growing in the vicinity of 
LadioD seed-producing fiekls is a "ix^rdy source of cotUaniina- 
tion. Imrtunatel^^^ seed -producing areas are on 

newly irrigated land with little white clover growing in the 
region. Tests of white clover have shown some seed lots to 
bg primarily free of cyanogenetic plants. However, samplings 
of wild-growing clovers have shown from " to 80%) of the 
plants with cyanophoric characteristics. 

The certification prograii) for Ladino clover should be 
modified to minimize genetic shifts such as those reported 
in this paper. If a source of breeder seed is established, a 
limited generation system could be followed similar to that 
in Ranger alfalfa. 

Selection of plants having neither glucoside nor enzyme 
could be readily accomplished. Contiunination with glucoside 
and/or enzyme could be easily detected by a simple picrate 
test run in collaboration with the germination test. In addi- 
tion, ’'glucoside'’ or ’enzyme" contamination is easier to de- 
tect than the dilution effect from a low frequency of these 
two characteristics, the prDces.s now employed in New 
Zealand. • 






N(3TES 


SUMMARY 


.Ladino and ivtiicr white clovers were tested lor their q^ano- 
phoric properties by a rnoditied picrate-paper test. The fre- 
quency of plants vjsntaining the cyanoglucoside varied front 
0 to 67 between seed lots oi cert ihed Lad ino ciover. There 
Wsis a range of 2 to i spe in the number of cyanogenetic 
plants from seed lots ubtained Irom the different W’esteni 
states producing cuniniercial seed. 

Tiiree possible ivasons lor these ditfercnces w'ere suggested: 

(I J Original seed L>ts have varied; (2) Natural selection 
has taken place; (3) Outcrossing with other wdiite clovers 
has occurred. 

Variations in the f requency of Ladino clover plants with 
q-anophoric pis>pcrttes ha\e been vlemonstrated. Such varia- 
tions indicate a ntcvi k^r an imprened certiheation procedure. 
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Notes 


THE DETERM'INATION OF MACRO^ 
ORGANIC MATTER IN SOILS''^' 


**HE term niacm-organic matter is introduced to denote 
A coherent particles of organic matter separated from the 
.soil by screening and decantation procedures. Such separates 
ha\’e been variously termed ’'underground yields’’ by Shively 
and W eaver (b) , "roots and other plant residues" by Saha- 
riiia (4), "root iibre" by Stevenson and Wdilte (7), and 
"underground plant materials" by Troogliton (8). 

Washing iind sireening inethods have been described by 
Gociiewaagen ( 2 ) and Jacques (3) . vSoil cores were thor- 
oughly weke<l by soaking, then washed on top of a wire 
or horsehair screen of cl 0.5 mm. aperture. Macro-organic 
inaifer was separated from the sand residue by washing in 


Attempts were niade to separate 
by simple dutriation of dispersed san 
passed through a screen of (),25-mm 
velocity of sand just retained by the : 
exceeded the setlling celocity of 95 
rated clean macro-organic matter pd 
sand particles adhered to the macro 
ing reasonably efficient se|-'>aration by 


: macro-organic matter 
nples, the effluent being 
. aperture. The settiing 
screen (3 cm. per sec.) 
to 99% of water satu- 
xrtrdes, but in practice 
•organic matter prevent- 
eiutriation. 


PROCEDURE 


and pouring from shallocv dishes onto a screen or baffle. 


Lirgc dumps of organ ic debris were usually removed with 
tweezers. Salonen (5 ) ashed the separate obtained by wash- 
ing and screening, and detenninecl the kveight of ash-free 
material These methods Were tedious, five to ten samples 
being determined per man day, and were liable to jsersoaal 
error. , 

Barley (1) used a flotation method, in which macro-organic 
malter wa.s separated by centrifugation of crushed samples 
suspended in salt solutions of density 1.2 gm. per ml. The 
separate wa.s decanted onto a illter, washed with water and 
oven dried. This method w.Ls relatively rapid (20 deteniii- 
nations per man day), but it exposed expensive centrifuge 
equipment to corrositvn, and cffincncy of fcco\'erv was variable 
(80 to 100%,). 


* Experiment cunuucted at the Agronomy Department, Cornell 
University, by the author while on leave fi:t)m Commonwealth 
Sdentjfie and Industrial Research Organization, Deniliquin, Aus- 
tralia. The author wishes to acknowledge the helpful advice given 
by Dr. R. D. Miller. Rec. for publication March 29, 1954. 


The procedure described below involves dispersi<»n of the sample 
followed by stirring and decaiUation. Ilie stirring actiim frees the 
macro-organic matter from adhering sand particles, and reduces 
the settling velocity of the oblong macro-organic matter particles 
relative to that of the sand particles. 4'he method is fast (;30 
samples per man day), efficient and reproducible. 

1. Crush a bulk sample to pass a 5 mm. -aperture st.reen, using 
a rubber tipped pestle or rubber roller. Allow the soil to air-dry, 
then cut roots into lengths not exceeding 1 cm., using a bank 
of circular knives moimted on an axle at 5-mm. intervalsJ Thew- 
oughly mix the sample then withdraw a 50'gnr. subsample for 
macro-organic matter determination, and one 50-gm. subsample 
for soil moisture determination. Weigh each subsample to the 
nearest '0.5 gm. . ' ' 

2. Soak a 50-gm. subsample of air-dry soil for 6() minutes in . 
10 ml. of "Calgon" solution (200 gm. per 1.) plus 100 ml. of 

■water. ' ■ 

3. 'fransfer to a, dispersion cup, three-quarters till with water, 
and stir for 5 minutes with a Bouyoucos high speed stirrer. Allow 
the suspension to settle for 30 seconds before decanting ont(» a 
0.2 5 -mm. aperture wire sieve of or. 7 cm. diameter. If any aggre- 
gate.s remain, refill the cup with water and stir for a further 5 
minutes before again decanting. Repeat until all aggregates have 
been di.spersed, then transfer the remaining contents uf the cup 
to the screen. 

4. Transfer the residue on the screen to a cylindrical beaker 
of 8-cm. diameter and fill to a depth of 10 cm. Stir with a rec- 
tangular spatula at three revolutions per second for 15 .seconds, 
then withdraw the spatula without interrupting its revolutiim. 
Pause for 5 seconds, then decant gently onto a dean 0.25-mm. 
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screen, allowing 15 seconds for decantation. Refill the beaker and 
repeat the stirring ; and decantation procedure three times. 

5. Wash the macro-organic matter separate on the screen with 
500 mi. of water, delivered from an orifice of 2. 5 -mm. diameter 
at 10 ml. per see. 

6. With the aid of a wash bottle, transfer the separate to a 
labelled filter paper held under suction on a Buchner funnel. Fold 
the paper and dry over night at 60'^ C. Cool in a dessicator, then 
quickly transfer the macro-organic matter to a tared aluminum 
dish and weigh to the nearest 5 mgm. 

7- Galciilate the mass of dry macro-organic matter (60"" C) 
per 100 gm, of oven-diy soil. 

Efiftciency of Macro-Organic Matter Recovery 


Table 1.— Percent loss of oven-dry M.O.M. due to screening. 


Screen 

aperture 

. 

■ 

Total loss 
of M.O.M. 

Expected' loss 
due to 
solution 

laxss due 
to 

screening 

mm. 

v? ' 

/O 

or 

/€ 

, %■ 

0.10 

5.6 

5 . 6 

0.0 

0,25 

5.6 

■5.6' . 

0.0 

0.50 

6.1 

5 . 6 

0.5 

1.00 

11.9 . . 

5.6 

: 6.S, 


Losses of macro-organic matter occur due to solution, 
passage of fine material through the screen, and lailure oi' 
a few dense particles to remain in suspension during decan- 
tation. Error due to adhesion of soil particles to the macro- 
organic matter does not compensate for these losses. 

Data on the efficiency of recovery were obtained using 
air-dry inacro-organic: matter which had been hand sepa- 
rated from sandy soil supporting an old stand of Fesinca 
rribra 'L, The particles were cleaned by striking them repeat- 
edly against a glass plate, until they were freed from adher- 
ing sand. Long particles were cut into lengths less than 1 cm. 

Loss due to sohHmi.---~^n^ax^ 0.2‘gm. samples of macro- 
organic matter were weighed air-dry, separate samples being 
taken for determination of moisture content. The triplicate 
samples were soaked in 10 ml. of "‘Caigon’u solution and 
100 ml. of water for 60 minutes, and were then; trans- 
ferred quantitatively to a filter paper held under suction, 
washed with 2 1. of distilled water, oven dried at 60° C. 
and weighed. Mean loss due to soliitton. equalled 5.6% of 
original oven-dry weight. 

Loss due to screet7!}?g. — 0.2 gin. samples of macro-organic 
matter were weighed air-dry, separate samples being taken 
for determination of moisture content. Duplicate samples 
were soaked in "Calgon” solution and water, then washed 
on each of a range of screens with 2 1. of water delivered 
as in step 3 of the separation method. The residue on each 
screen was reco^'e^ed as in step 6. Table I shows the mean 
loss of macro-organic matter per cent of original oven-dry 
weight for che range of screen apertures. 


Table 2. — Percent recovery of M.O.M. from sand. 


Oven dry 
mass of 
added 
M.O.M. 
gm/100 gm. 

Oven dry i 
mas.s of 
recovered ^ 
M.O.M. 1 
gni/100 gm. : 

PercMmt | 
recovery of 
total 

Percent 

: recovery of , 

! insoluble 

1 

0.000 

O.OOli 



0.013 

0.013 

too I 

' ' 105 

0.098 

0.091 1 

94 

' . 99 

0.978 

0.S81 . .1 

90 

■95 ■ 


" Allowing 5% loss due solution, 
t Fine sand. 


Table 3.~— Pereem recovery of M.O.M. from clay. 


Oven dry 
mass of 
added 
M.O.M, 
gm/lOO gm. 

Oven dry 
mass of 
recovered 
■ M.O.M., V j 

gm/100 gm. j 

Percent 
recovery of 
total M.O.M/ 

1 Percent 
■ recovery of 
insoluble, 

1 M.O.M.Y 

0.000 

0.000 

. 

j 

0.011 

0.010 1 

■ 93 

1 ' " 98 . 

0.099 

0.087 i 

m 

I ^ ' 98 

0.974 

0.870 

' ■! 

88 i 

^ ■ 1 

1 ' ' 


Allowing 5 per cent due to H(dnt}«>n, 


Mechanical breakdown of macro-organic matter during 
dispersion of soils in the Bouyoucos stirrer may lead to 
greater losses during screening than are recorded in table 1. 
To. allow for an increase in the proportion of fine material, 
the 0.2 5 -mm. screen has been employed in the separation 
method. The practice of decanting after eacli 5 minutes of 
stirring removes most of the macro-organic matter from 
the stirrer-cup at an early stage of dispersion and reduces 
mechanical breakdown. The soaking time should not be 
increased beyond 60 minutes in an attempt to reduce the 
time of stirring, since flotation of the macro-organic matter 
i.s reduced as the degree of water saturation increases. 

Overall efflckmcy. — Known weights of air-dr)^ macro- 
organic matter were wet mixed with 50-gm. lots of quartz 
sand and of kaolin clay, which had been moistened with 


The presence of a small amounr of line sand in tlie sepa- 
rate caused a positive error at low concentrations, but losses 
due to solution, screening and inadequate flotation predomi- 
nated at high concentrations causing a negative error. The 
negative error increased wi^ concentratioli in both series. 
TiJpiicates agreed to within 29 f recovery at intermediate 
and high concentrations. 

The method of macro-organic matter separation described 
is rapid and reproducible. The efficiency of recovery declines 
with increase in concentration of macro-organic matter.-- 
K. P. BarlfY, Regional Pastoral Laboratory, N. S. 
Australia. 



■y, 0.2% mercuric chloride solution. Separate .samples of macro- 

' ‘ organic matter were taken for determination of moisture 
, ' content. Tire mixtures were allowed to air-dry, and the macro- 
yv- organic matter was then separated by the method described 
^ above. Triplicate determinations of percent recover}^ of macro- 
y u/organic, matter were made at each of three concentrations. 
"Results are shown in tables 2 and 3. 
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TILLERING AND YIELD OF OAT PLANTS 
GROWN AT DIFFERENT SPACINGS^^ 

T he extent of tillering h one of tlie factors affecting 
grain fields in cere.i,ls. To study' the association between 
dliering; yield, and plant height, an experiment was cun- 
diictei! in 19.50 and 1951 with the oat varieties Otoe, Clin- 
ron, Cherokee, Nenialia, and Marion. Stand density was con- 
trolled by spacing plants 2.!^ and 5j) iniJies apart in 7dnch 
rows. At rvRtturity, plants were juillcd and the number of 
grain-bearing and totai is hers, height and yield per plant 
were determined. Plant height was taken on the tallest tiller 
by measuring the ilistaiue i roin the uppermost node showing 
crown roots to the uppermost spikdel: of the panicle. The 
rusts were mirusr diseases huih ce.irs. 

Highly signilicani diliejvnu;s were rei'orded in the aver- 
age number id' prodiutive tillers Ixlvvetai sixicings vvithiu 
varieties. Otoi developed the largest number of jsrodiictive 
tillers in both years and spacings. Clinton was the lowest 
tillering variety in both seasons. The early varieties Otoe, 
Nemaha, and Cherokee produced grain on 88% ol ail 
tillers formed while the later maturing varieties, Clinton and 
Marion, bore grain on 63 and 56^ f, respectively, of the 
total number of tillers developed on plants at the 2.5-inch 
spvicings. However, the av erage total number of tillers formed 
was as great for late as for e,‘arly varieties. Varietal clilferences 
in tiller number were less in the 5dndi than in the 2. 5 -inch 
spacing. 

At the 2.5-inch spacing, regression ot yield cm ninnber 
of tillers expressed in grams per tiller was within the range 
from 0,824 to 1.155 as reccirded lor Otoe and Nemalia, 
respectively. At Uie vvdder spacing, the cor{T:spond ing values 
were 1.117 for Otoe and 1, 58C) tor Clinton. 

The intra- varietal coiripar i son s vvi thin spacings indicated 
a positive as.si.R iaiiun between iilkri ng and plant height. Tlris 
association was smaller under the wider spacing. 

Coefficients of correlation between plant height and yield 
were determined for eaclwiilkay class vvithin both spacings. 
Highly significaiit pc>sitive vvilties \vere obtained in most of 
the tiller classe.s for each variety. For the modal class ot 
3 tillers per plant, r values ranged from 0.491 to 0,622 at 
the 2.5-inch .spacing and from 0.34 to 0.841 at the 5-inch 
spacing. ^ ^ 

Based on the varieties grown over the 2-year period, 75Cc 
more grain was produced under the 5 -inch spacing than under 
a spacing of 2.5 inches. The data indicated that 77% of 
the totai yield increase in the widely spaced plants resulted 
from increased tillering, 16% from increased yield per tiller, 
and 7% from the interaction of both factors. — ^Karl Kaukis, 
Assh'Uml in Agro}ioniyj Nehnuku Agr. iiv/c ShL^ and L. P. 
Reitz, Senior Agronomist , Field Crops Research Branchy 
A.RS„ US.D.A, Lincoln, Nebr. 


^Rec, for publication Oct. 20, 1954. 




INHERITANCE OF A WHITE FLOWER 
COLOR IN CRIMSON CLOVER, 
Trifolmm mcarnatimC 

A LTHOUGFI several improved varieties of crimson clover 
^ are now available for use by farmers, they cannot be 
readily identitied by plant characteristics, Whitedlovvered 
plants often occur in stands of crimson clover, and if this 
characteristic could be utilized as a marker, varietal identiii- 


cation in the tick) would be simplified. Consecjiiently, a study 
to determine inheritance of w4iite fiower color in common 


ainison clover might be helpful in a breeding program. 

During the winter of 1952, 106 plants were grown in 
the greenhouse from open pollinated seed of a white-flowered 
plant found In a stand of common crimson clover. Seventy 
plants were wdiiie and 36 were red flowered. Occurence of 
red flowered progeny indicated outcrossing and suggested 
tliat red vvas dominant to white flower color. White-flowered 


pkmts undoubtedly resulted from natural selfing. On the basis r| 

of this assumption, red-fiovvered plants were assumed to be ’ 

heterozygous and vvhfte-flowered plants homozygous recevssive ; 

for flovvxr color. Self- fertilized lieterozygous plants should 
then segregate and homozygous recessive plants should breed 'j 

true for flower color. To study the inheritance of flower i 

color, eiglit jaairs of red and white llovvered plants were y 

selfed and redprocaily crossed by hand. Seed of the F.^, - y 

and reciprocal backcross generations wcavr |ilanted in ilu; 
gnxaihousc in tire hill of 1953. f: 

Data for flower color in the lx, S._, and reciprocal back- 
cross populations are given in table L l'he .segregation y 

of flower color in the Lx from heterozygous red F% plants f 

gave a satisfactory fit to a ratio of 3 red to I white-flowcTed 
plants. This demonstrated that red flower color was domi- T 

nant to white in and that inheritance in ix was simple. ^ 

Since the S., plants from white-flow^ered parents bred true yi 

for flower color, the homoz)gous recesske can be assumed to y 

condition white flower color. j? 


Table I.—Frequency distribution for flower color in F-, S- 
and reciprocal buckcross populations of crimson clover. 


Gener- 

ation 

Flower color 

Ratio 

. 

Chi 

. P - 

Red 

: 

Wliite 

Fdfc:,..,'..,: 1 

Number 

109 ! 29 

;ri 

1 1.169 

.20--.ro 

8 2 - - - - 

BC. : 

29 

2B 

U 

Cl , 

j .a9f> 

.50-. 70 


The segregation in the reciprocal backcrosses to the white 
flovvered plants gave a clo.se lit to a 1:1 ratio thus substan- 
tiating the assumption that one factor pair was involved in 
the expression of flower color. 

The .symbols, Cr/ a: are suggested for this pair of alleles 
with the dominant gene necessary for red flower color and 
the recessive allele conditioning white flower color. 

True breeding white-flowered types have been isolated, 
and plans are underway to develop a variety uniform for 
white flower color. The white-flowered types appeared as 


^Research paper No. 1131, Journal Series, University . of Arkan- 
sas, Fayetteville, Ark. Fubli,shed with the permission of the Direc- 
tor of the Arkan.siis, Agr. Exp. Sta, Rec. for publication Nov. 5. 
1954, 
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vigorous as red ■'flowered types ill the greenhouse. Since the 
several varieties of crimson clover now available cannot be 
readily distinguished in the field by plant characteristics, a 
wliite flowered strain would greatly facilitate iield inspection 
for seed certification. Growers also could effectively maintain 
varietal purity by roguing red-flowered plants prior to polli- 


nation in seed fields. Too, a white flower marker gene would 
be helpful to determine effectixe hybridisation in a crossing 
and breeding program and aid in other genetic studies with 
crimson clover— P. C. Sandal, Assockiie Agyaimm/sf, Nor/h 
Dakota Agr. Exp. Sla., formerly Asshtant Agronomht, 
Arkausas Agr. Exp. Sta. 


Book Reviews 


As a brief presentation of the jnany-sided aspects of micr<»- 
biology, the volume is not only a worthwhile contribiition to the 
reading list for graduate students, but also a valuable aid to the 
more mature professional bacteriologist, I'he reference sections 
of the papers are comprehensive and evidence tlie broad scope of 


PLANT ANALYSIS AND FERTILIZER PROBLEMS 

Edited by P. Prerot. A symposium. Prof. H. Lundegardh, chair- 

mart. Eighth International Botanical CongresSf Paris, France, 
July, 1954. I.R.H.O. Paris, Prance. 263 pp. Ulus. 

1955. $4.00. 

This volume is a collection of prepared papers presented at a 
symposium organized by the Institut de Recherches pour ics Huiles 
et Oleagineaux and under the auspices of the 8th International 
Botanical Congress. The informal discussions and debates follow- 
ing the presentation of each paper are also presented. 

Papers dealing with some of the fundamental physiological rela- 
tions of plant composition to growth and yield are presented by 
H. Lundeoardh (Sweden), F. Steenbjerg (Denmark), A. 
Arland (E. Germany), T, Wallace (England) and O. Bid- 
DULPH and A. S. Grafts (U.S.A). A second group of papers 
concerning plant and analysis methc>ds is presented by R. X- 
Mitchell, D. Nicholas (British Isles) and A. W. Specht, 
P. F, Smith and J. W. ResniCKY (U.S.A. ). A third group is 
concerned wdth the application of plant analysis techniques to fer- 
tilization problems. Authors contributing to this group are J. 
Carles, S. Trocme, J. Fr. de Ferriere, P. Halais, A. Loiie, 
P. PrevoT and M. Ollagnier, M. Ferrand and J. F. Levy 
(France and its colonies), L. Hershberg and R. M. Samish 
(Israel), C. Tamm (Sweden), W. S. Iljin (Venezuela), M. L. 
Salgado (Ceylon), M. Drosdoff, J. L. Haddock, W. Relither 
and P. F. Smith (U.S.D. A.). Applications of plant analysis to 
such diverse crops are coconut, coffee, citrus, tung, grapes, decidu- 
ous fruits, wheat, sugar beet, sugar cane, oil palms, peanuts, and 
others are considered. 

This volume Ls the record of the first international symposium 
dealing with the iundamentals, techniques and applications of plant 
tissue analysis methods, to problems of fertilization of plants. It is 
evidence of the growing body of literature on this subject, the 
increasing number of workers interested in this field, and the value 
of this approach in evaluating the mineral nutrient requirements 
of crop plants. No worker interested in soil fertility and mineral 
nutrition problems of plants will want to be without this valuable 
group of references.-- -Walter Reuther. 

PERSPECTIVES AND HORIZONS IN MIGROBIOLOGY 

Edited by Sehnan A. Waksman. A symposi/m. Rutgers University 
Press, New Brunswick, Ni J. 220 pp, 1955, $3.50. 

This symposium of scientific papers written by 13 eminent bac- 
teriologists commemorates the dedication on June 7, 1954 of the 
Institute of Microbiology, Rutgers University. Dedication addresses 
by Lewis Webster Jones, President, Rutgers University; Sel- 
MAN A. Waksman, Director, Institute of Microbiology, and Al- 
bert J. Kluvver, Professor of Microbiology, Technical Univer- 
sity, Delft, Holland, highlight the volume. X 

The scientific papers are exceptionally well Written and, in 
keeping with the title of the volume, cover a wide range of topics. 
The papers by Cornelis B. van Niel, Andre Lwoff, Joshua 
Lederberg, and Bernard D. Davis deal with the microbe as a 
living system. The subject of microbial metabolism i.s contained 
in five papers by H. A. Barker, Jackson W. Foster, Wayne 
W. Umbreit, Perry Wilson, and Durey H. Peterson. Four 
papers by Michael Heidelberger, Frank L. Horsfall, Jr., 
Harry Eagle, and Robert X, Starky concern microorgani.sms 
and higher forms of life. The readability of these papers is en- 
hanced by ''their brevity and clarity in presentation. 



the various subjects. Perhap.s the major .shtu'tcoming oi the vol- 
ume is its paucity of illustrations. Only one paper contains half 
tone reproductions. It is in this vein of thturglit that this reviewer 
feels the volume will likely evoke some disappifinlnvent. since 
such an excellent opportunity existed to depict pfiotographicaliy 
the Institute and the contributors, as well as the various aspects 
of the dedication ceremonie.s.™-~- O. N. Allen. 

AN INTRODUCTION TO PLANT TAXONOMY 

By George H. M. Lawrence. The Macmillan Co, New Ymk.:' 

■ 179 pp.^ 1955. S3.25. 

This book by the director of the Bailey Hornuium at Orrneli 
Xlniversity, is written for the adult amateur botjuiist and for the 
.student of a local flora course at the college level. It is restricted 
to ferns, conifers and other gymniisperms and flowering plants, 
and the author has drawn much from hi.s earlier book, Taxonomy 
of Vascular Plants (1951) in this presentation. In defining the 
subject of taxonomy, the author emphasizes its fundamental impor- 
tance to ail biological science and to an understanding of the 
natural resources of the world. Chapter headings include Plant 
Classification, Evolution and Units of Classification. Plant Struc- 
tures, Collecting and Identifying Techniques, Nonieodature, Phy- 
logeny and Biosystematics, Taxonomy in North America, Impor- 
tant Families and Their Characters, and a combined glossary and 
index. 

The chapter oir plant structures takes up the morphology and 
terminology peculiar to each group of the vastuKtr plants -the 
ferns and lycopods, the gymnosperms anid the angit ispenos. Chapter 
8 presents an interesting historical review i)f taxcammy in Nortii 
America, and Chapter 9 presents the distinguishing characters i)f 
some 50 of the more dominant families of vascular plants. The 
student or amateur who has had an introdiatory cem rse in botany 
will find this excellent, compact volume of great help. It is appli- 
cable to any part of North America. 

AGRICULTURAL PROCESS ENGiNEERING 

By S. M. Henderson and R. L. Perry. John Wiley & Sons, Inc. 

New York. 402 pp. 1955. $8.50.' 

This textbook should be a great aid in teaching agricultural 
proce.ssing to advanced students in agricuitural engineering. It is 
the only book known to this reviewer that covers the agricultural 
processing field so completely. 

There are only a few universities now oflering an agricultural 
engineering curriculum with advanced courses in agricultural proc- 
essing. However, it appears that the processing of agricultural 
products will be of increasing importance in the future. Employ- 
ment in commercial processing plants should be good for agri- 
cultura! engineering graduates. 

Some of the information in the book is a duplication of other 
courses which an engineering student would take in his regular 
curriculum. It is probably well to have this repetition, however, 
as many .students may not have these engineering courses. 

The material on drying, evaporation, and dehydration is very 
good. This field of processing is one that is developing rapidly, 
lire drying and dehydrating of farm prcjducts appears to he orie 
practical method of preserwing farm produce for use on the farm 
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as well as for shipping for commercial use. Training in this field 
certainly shouki be important. 

One phase of processing on wbicli {iiore information could have 
been given would be the freezing of farm pxxiducts. This methcKi 
of handling farm produce for human consumption is probably 
expanding more than any other method of preservation. It is 
impossible, however, to c»)ver the broad held of agricultural proc- 


essing in one volume. The autlmrs have done a good job in pre 


A UW UV/liV jUM J 

paring tliis textbook to give the student a wide coverage 
field.— L, A. Brooks. 


MARKETING AGRICULTURAL PRODUCTS 


By Rkhard L, Kohls, The MacmHlan Ca., New York, 
39S pp. 1934. $3.23. 


In the final analysis, the most industrious application of the 
best agronomic practices will mean little without a marketing 
sy.stem that functions fairly and equitably for both the farmer 
and his customer. Prof. Kohls of Purdue University has written 
this textbook for beginning students in farm marketing. It is a 
well-documented pre.sentation wh idi uses three general approaches 
to a .suiwey of tin's broad, complex held. As developed in three 
main parts of the book, they are: "The Framework of the Market- 
ing Problem," which defines tire general terms of marketing, pro- 
duction, consumption; "Functional Problems," which discusses 
pricing, competition, governnumt aid in marketing, importance of 
standardization, collection and use of market information, trans- 
portation, storage, and commodity speculation; and "Commodity 
and institutional Problems," which presents the problems of par- 
ticular commodities and markets. This section also contains good 
discussions of farm cxKjperatives, marketing regulations, the footl 
processing industry, and the wholesaling and retailing of food. 

Strong emphasis is |nit on the tiynamic aspects of consumption 
and the adjustments which production and marketing micst make 
to meet tlie changing needs of the va.st ctmsuming public. The 
author also stresses tlie need for an enlightened consumer public. 

The possibilities of advertising farm products are also consid- 
ered, and the author points Out that "the .stomach is only so big," 
and "customers tend to spend a rather constant percentage of 
their incomes on food." 

It cvould be great help if such general textbooks as this could 
somehow be offered in dige.st form to the general public. To the 
average housewife, nothing is more prosaic, tedious and impor- 
tant than the w'eekly grocery order. Yet nothing is more taken 
for granted than %vei I .stocked groceiy shelves; and nothing is 
more irritating than to find a favorite item missing from the 
shelf. Although a textbook, this book could well he read by 


STANDARDS FOR A STRONG AMERICA 


Proceedhigs of Fifth Natlomd Confereuce on Standimls end 
the Thirty-sixth Annual Meeting of the American Standards 
Association, New York. Nocemher 1934. $3.00. 


Of particular interest to agricultural workers in this volume 
is the Symposium on Standards for Agriculture. The following 
papers w*ere presented in this symposium: Seed Quality Factors 
and Seed Standards, by B. E. Clark, head of the Department of 
Seed Investigations, N. Y. State Agricultural Experiment Station, 
Geneva; Establishment of Common Names for Pest-Contro! Chem- 
icals, by Herbert L. Haller, assistant director of Crops Research, 
ARS, USDA, Washington, D. C. ; The International Standards 
Problem on Common Nkmie,s for Pest-Control Chemicals, by J. E. 
Archer, director. Patent Division, American Cyanamid Co., Stan- 
ford, Conn.; Standards for Nunseiy Stock, by Richard P. White, 
executive secretary, American Association of Nunserymien ; and 
Development of Uniform Standards for Florists’ Cut Flower 
Crops, by Harold Brookins, chairman of the Grading Com- 
mittee of the N. Y. State Flower Growers, Inc. 

Dr. Clark explained the seed-certification program of New 
York State and pointed out that measurement of seed quality is 
a difficult and complicated procedure. Dr. Haller discussed the 
need for simplification in common name*? for pest-contro! chem- 
icals, and listed some of the dangers inherent in the use of num- 
bers and letters as abbreviated names. 

Other fields covered in this volume are the electrical industry, 
color television, safety standards, and modular coordination. A 
section is devoted to discussions on the future of standardization. 
Many general readers will find in these Proceedings a new in- 
sight into some of the problems and challenges which face Ameri- 
can industries. 


MULTILINGUAL VOCABULARY OF SOIL SCIENCE' 


Edited hy G. V. Jacks. Published by the Agriculture Division, 
Food and Agriculture Ormnizatian of the United Nations. 
439 pp. 1934, 


Soil .scientists will welcome this lexicon which is one of the 
series of FAO publications designed to meet the needs of agri- 
ciiUural workers throughout the world. Many workers know the 
difficulties of translating technical terms, and the barrier winch 
this creates to any easy exchange of soils information among 
various countries. Hundreds of technical terms are listed in the 
eight languages, English, French, German, Spanish, Portugese, 
Italian, Dutch and Swedish. The terms are grouped according 
to subject as follows: physic.s, texture and structure, soil water, 
chemistry, organic matter and humus, biology and ecology, cul- 
tural practices, soil formation and morphoiog)L profile charac- 
ters; geology, topography and climate; mineralogy, classification, 
organic and peat soils. Podzolic soils, gley and meadow soils, 
arid and semi-arid .soils, saline and alkali soils, tropical and 
sub-tropical soils, intrazonal and azonal soils; terracing, damming 
and drainage; irrigation, and erosion. Each page of the glossary 
lists a separate term in eacli of the eight languages. To locate a 
word in the glossary, the reader must refer to one of the eight 
alphabetical indexe.s at the back of the book. This vocabulary 
was started in 1949 by Dr. H. Greene and was reported at the 
4th International Congress of Soil Science in Amsterdam in 1950. 
The present volume resulted from additions and modifications 
suggested by national nomenclature committees and others fed- 
lowing the report at Amsterdam. All wdio participated in the 
preparation of this work, are to be commended for the tremen- 
dous amount of work necessaiy to sucli a task. The fact that 
many teruLS have different shade>s of meanings in different ian- 
guage.s was only one of the hurdles to overcome. The result should 
be gratifying to the contributors and to all who use the book. 


COMMERCIAL FERTILIZERS, THEIR SOURCES AND USE 

By GHheart H, ColUngs, McGraw-Hill Book Co., Inc. New York. 
617 pp. 1933. $8.00, 


This is the fifth edition of the standard reference on commer- 
cial fertilizers which first appeared in 1934, The great advance.s 
made in agronomic research in the past generation have imposed 
upon educators the burden of keeping students, farmers and farm 
advisors informed on the newest technological developments and 
practical applications. The student or farmer is quite likely to 
find here a good answer to almost any general question on com- 
mercial fertilizers. Extensive revision brings to the reader the 
cveulth of recent research in plant nutrition which underlies a 
great part of the newest fertilizer developments. 

Following an introductory chapter on the origin and develop- 
ment of commercial fertilizcT,s, succeeding chapters deal separately 
with sodium nitrate, ammonium .sulfate, ammonium nitrate, syn- 
thetic nitrogenous fertilizers, organic nitrogenous fertilizers, min- 
eral phospliutes, hone phosphate and basic slag, superphosphates, 
ammonia .solutions, pota.sh; sulfur, calcium, and magne.siiirn; and 
trace elements. Following the.se are chapters on adjusting soil 
reaction and fertilizer practice to crop requirements, principles of 
purchasing and use of fertilizers. A chapter on liquid fertilizers 
is a new addition. Farmers would find the chapter on application 
of dry fertilizers especially helpful; considerable di.scussion is 
given to the eff'ects of fertilizer placement. Completing the book 
are the recommendation.s for some field and horticultural crops 
published by the Joint Committee on Fertilizer Application. Close 
to 1,000 references to technical literature are included in the 
bibliography. 


LABORATORY MANUAL FOR SOIL 

fertility students 


By Darrell A. Russel and George Stanford. ]PGn. C. Brown Co., 
Dubuque, Iowa. 1934. 


This is a second edition of the manual which first appeared 
under Prof. Russel’s authorship in 1950. It is prepared for begin- 
ning students in soil chemistry and fertility and is designed for 
students who expect to .specialize in agronomy or who want a 
specialized knowledge of soils applicable to other fields of agri- 
culture, The new edition follows essentially the same organization 
as the original. Not included in this edition is the exercise on 
determination of exchangeable calcium, as well as the section on 
soil tests for farmer .supplies and an explanation of soil test rec- 
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the thesis that in cross-fertilizing organisms the process of develop- I 

inent leads to uniform phenotypic expression in individuals of a 
given population in spite of genetic variability between them. 

Such populations tend to retain a genetic composition which pro- ^ 

duces a maximum average htness in its particular environment. 

He suggests that the most likely mechanism lies in a greater i 

ability of "the heterozygote to stay within the limits of normal [ 

development and in natural selection favoring intermediate rather | 

than extreme phenotypes. The bocik is divided into three well | 

written parts — I Definition and Hypothesis, II Evidence, and III i- 

Interpretation. S 

In relating the concepts developed in this readable book to prac- i 

ticai animal improvement programs the author points out that, j 

with the exception of single genes controlling morphological traits, J 

the view that considers the main aim of breeders to be the fixa- 
tion of desirable alleles is untenable since the basic requirement f 

of a successful cross breeding population is the maintenance of 
heterozygosity. He suggests that further research in breeding be 
directed to more precise studies of population properties, of the 
forces of genetic homeostasis, and of the methods for overcom- 
ing them. 

Altliough the book is directed mainly tow’urd animal geneticists, 
the ideas presented provide material for serious thought to all 
geneticists interested in the evolution and improvement of plants 
and animals. — H. H. Krambr. 



Bulletin of the Chinese Assodathn j or the Advancement of 
Science, Vol. I, No. 5, Taipei, Taiwan, China. Representative titles: 

Geneticai expression of the OMM-type Hybrid obtained from the 
POJ2725 X Miscanthus japonicus cross; Phytogeographical affini- 
ties of southern Taiwan; Systematic study of Japanese protofioridae; 

Study of resistance to soil salinity of sugarcane varieties. 

Guide to Cockle Bulletin No. 56, King’s College (Uni- 

versity of Durham) Agricultural Experiment Station. A printed 
guide containing field index, description of land, livestock, fields, 
trials and nursery; departmental experimental reports and w^eather 
statistics. 



SERVICE FROM INDUSTRY 

Success in any industry is based upon the application of scientifically 
proven facts, to be used not only in production but in service to the consumer. 
The American Potash Industry seeks to provide this service through aiding the 
investigation of factors that influence the efficient use of potash and other plant 
foods by the farmer. Cooperation with official research and advisory groups 
through research and educational programs is furthering the development of 
practices which will result in bigger yields of high quality crops more econom- 
ically produced. 

AMERICAN POTASH INSTITUTE, INC. 

1102 Sixteenth St., N. W. Washington 6, D. C. 

Member Companies: American Potash & Chemical Corporation • Duval Sulphur & 


Potash Company • Potash Company of America • Southwest 
Potash Corporation • United States Potash Com Dcinv 



ommendations. The revision retains the two identical pages for 
recording the data from each exercise. With this convenient device 
the student may have a permanent record of all the exercises. 

THE MICROPHYSICAL WORLD 

By William ]¥^ilson. Netv York, The Philosophical Library, 
216 pp. 19H. 13.75. 

In an age popularly described by some as the "atomic age", it 
would seem imperative for every intelligent citizen to understand 
something about atomic structure. This little volume — 5V2 by 5^2 
inches — is a contribution to that understanding. The book itself, 
like a single atom, is small only in size. The discussion begins 
with the atomic theory of John Dalton, and traces the develop- 
ment of the succeeding ideas of atoms and molecules up to the 
quantum theory of Planck, and on to the current knowdedge 
of heat, light, electromagnetism, radio-activity, cosmic radiation 
and other topics. 

The author succeeds in conveying — to this reviewer, at least — 
some of the excitement which must have developed slowly in the 
community of scientists as knowledge of the rniaophysical world 
grew from hypotheses to statements of objective reality. Although 
written with a minimum of technical language for a layman reader, 
it is definitely not "popular" science reading. Dr. Wilson tells 
the reader in effect, "You ain't seen nothin’ yet." Much is yet 
to be learned of the atoms and the sub-atomic world and "our 
beautiful quantum mechanics,” he says, is not final. This note 
of expectancy should appeal to layman readers, and induce many 
of them to pick up the book again for a firmer gtasp of the laws 
of the microphysical world. 

GENETIC HOMEOSTASIS 

By L Michael Lerner. John Wiley & Sons, hic. New York, 

134 pp, 19M. $3.2Y 

The author defines genetic homeostasis as the property of a 
population to equilibrate its genetic composition and to resist 
sudden changes. He carefully develops and reviews evidence for 
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m:eetings 

April 26, California Fertilizer Conference, Davis. 

April 27-29, Arid Lands Symposium (AAAS) Albuquerque, 
N, Mex. 

April 28-30, international Land Judging Contest, Oklahoma 
City, Okla. 

June 15-17, Annual conventitjn, American Seed Trade Assn., 
Minneapolis, Minn. 

June 25-27, American Societ>' of Commercial Seed Technolo- 
gists, Stillwater, Okla. 

June 27-29, North Central Branch, A.S.A,, low^a State College, 
Ames. 

}une 27-30, Association of Official Seed Analysts, Stillwater, 
Okia. 

June 28-30, Pticihc Northwest Regional Fertilizer Conference, 
Boise, Idaho, 

July 27-29, Northeast Branch, American Society of Agronomy, 
Pennsylvania State University. 

Aug, 1-6, 3rd International Congress of Biochemistry, Brus- 
sells, Belgium. 

/Vug. 15-19, American Society of Agronomy and Soil Science 
Society of America, University of California College of 
Agriculture, Davis. 

Aug. 29-Sept. 6, International Horticultural Congress, Scheven* 
ingen, Holland. 

FRED HULL ELECTED SOUTHERN BRANCH PRESIDENT 

Fked H. Hui-L, Florida Agricultural Experiment Station, Gaines- 
ville, became new president of the Southern Branch of the Ameri- 
can Society of Agronomy at the group’s annual meeting, Louisville, 
Ky., February 8-9. He iiad served as vice-president of the brandi 
during the past year and also as chairman of the branch’s crop 
section. 

Retiring president of the branch i.s Eric Winters, University 
of Tennessee, Knox'ville. New vice-president of the group is j. 
Fielding Reed, American Potash Institute, Atlanta, Ga. Reed has 
served as chairman of the soils section of the branch for the past 
year and will also continue in that capacity during the coming 
year. 

John Gray, Louisiana State University, Baton Rouge, was 
elected to a 2-year term as chairman of the crop section. He had 
served during the past year as secretary. The new secretaiy is W. E. 
Colwell, North Candina State College, Raleigh, 

A total of 167 persons attended the 1955 branch meeting. Next 
year’s session will be held at Atlanta, Cia, 

NEW POLICY COMMITTEE FOR SCIENTIFIC AGRICUL- 
TURAL SOCIETIES ORGANIZED AT JANUARY 
MEETING IN WASHINGTON 

A new organization to represent agricultural professional and 
scientific societie.s at national level was officially launched Jan. 3L 
at Washington, D. C. W. H. Garman, well-known agronomist 
and administrator, w as elected executive secretary of the body. 
Five societies represented at the organizing session are, the 
American Dairy Science Association, American Society of Agri- 
cultural Eng'ineer.s. American Society of Agronomy, American 
Society of Animal Production, and American Society of Range 
Management. The Soil Conservation Society of America helped 
to form the new Policy Committee but was not represented at the 
meeting. 

The policy committee expressed hope that other professional 
societies in agficuiture will participate in and lend support to its 
activities. No financial contributions or **dues’* are required. 

Main effort of the policy committee to date has been repre.sen- 
tation of agricuitural societies before the Scientific Manpower Com- 
mission. The Committee is nowc recognized as the “voice*’ of agri- 
cultural scientific s(>deties. It is expected that the committee will 
speak for agriculture wdth other national bodies, such a.s the 
National Research Council, in the future. 

The committee also plans to explore plans w'hereby agricultural 
societies can reduce costs by working more closely together. Chief 
concerns have been the high costs of publishing journals and of 
maintaining headquarters for the various societies. 


MONOGRAPH POLICY COMMEFTEE NAMED 

G. G. PoHLMAN of West Virginia University, president ot the 
American Society of Agronomy, has named a 3-nian committee to 
study the future policy of the Society’s Monograph Series. Mem- 
bers of the committee are I. J. Johnson, k)\va State College, vice 
pre.sident of the Society; R. J. Muckenhirn, LJnivcrsity of Wis- 
consin, and L. G. MonThEy, executive secretary of the Society. 

INTERNATIONAL HORTICULTURAL CONGRESS 

The 14th International Horticultural Congress will be held Aug. 
29-Sept. 6 at Scheveningen, Holland. E. C. Stakman, emeritus 
professor at the University of Minnesota, will deliver one of the 
three general lectures. His topic is “The Application of Atomic 
Energy in Horticulture.” Eleven .sympo.sia are planned. H, E. Hay- 
^x^\RD of the U. S. Salinity Laboratory, Riverside, Calif., will lead 
the symposium on salt toleration and drought resistance. Included 
among the numerous tours are two soil excursions. Secretary’ of 
the Congress is G. de Barker, .30 Bezuidenhoutsweg, The Hague, 
Holland. 

MANY PARTICIPATE IN ARID LANDS SYMPOSIUM 

D. W. Thorne of Utah State Agricultural College, vice pre.si- 
dent of the Soil Science Society of America, will be the oliicial 
representative of the Society and the American Society’ of Agron- 
omy at the International Arid Land.s symposium April 27-29 
at Albuquerque, N. Mex, 

’I'he symposium is sponsored by the American Association for 
the Advancement of Science, and is supported by the National 
Science Foundation, the Rockefeller Foundation and the IfN Edu- 
cational, Scientific, and Cultural Organization. 
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STRIK|iBACK 
AT CANCER... 
MAN’S irRUELEST 
EN^Y... 

gIe 



Tens of thousands with canecr will lose their lives 
needlessly this year. They could have been 
cured by early diagnosis and prompt treatment. 

Will one of these iiiifortiiiiate victims he a friend 
of yours? It could happen. We know that cancer 
strikes one in four. 

There’s a way to help that friend, and thousands 
of others. That’s by helping the American 
Cancer Society spread its educational message 
as widely as possible. 

Money you contribute improves services to 
patients, arms everyone with protective information 
about cancer, and pays for research to conquer 
this crudest of diseases. 

When you give your dollars to the American 
Cancer Society, you are making an investment that 
pays oil in the saving of human lives. Perhaps 
the life of one friend. 

Perhaps your own life. 

American Cancer Society 


GENTLEMEN; 

I want to help conquer Cancer. 

( ) Please send me free information about Cancer. 

( ) Enclosed is my contrihiilion of $ — _ to the Cancer 
Crusade. 

, 'Nnnie .;::-, \ ^ ■ ' ' ' ' ' ’ ■ '■ ' ; ■ ■" ■ 


Ad<h’<"ss_ 
City 


-Zone Slate- 


(MAIL TO: CANCER, c/o your town’s Postmaster) 
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Edited by G. D. H. Bell, J. Hammond, H. Hunter, 

Sir Bernard Keen, Sir E. John RusscU, R. K. Scho- 
field, H. E, Woodman, ^ F. Yates. 

Devoted wholly to the publication of scientific papers 
on agricultural subjects, the Journal includes original 
papers; occasional resurrm or critical articles on recent 
advances in the various branches of Agricultural Science; 
short notes recording exceptional cases, analyses etc.; 
articles from Indian and Colonial workers descriptive of 
soil, climate and other conditions under which agricul- 
tural operations are carried on in tropical and semi- 
tropical countries; reviews and discussions. 

Intended for agricultural teachers and experts, farmers 
and land agents having an interest in the scientific side 
of their profession, agricultural analysts, seedsmen, 
millers, manure manufacturers, etc. 

Issued at two monthly intervals in parts of about 120 
pages with plates and figures, four parts constituting 

a...volume. ■ • ■ ■ . . 

$10 JO per volume of 4 pans 


This Journal offers agricultural research 
workers a medium for dissemmatmg the 
records and results oj their investigations 
on the j ceding and management of live 
slock, cultivation and manuring of crops, 
trial of farm machinery ^ agricultural eco- 
nomics, and experimental technique. 


Royal 8vo. 11s net. Subscription price 
(four numbers) 34s. post free. 


OXFORD UNIVERSITY PRESS 

London E» ' C. 4:' 


Am«n House 


CAMBRIDGE UNIVERSITY PRESS 

32 East 57th Streep New York 22. N. Y. 


AGRONOMIC AFFAIRS 


Technical sessions will be held to consider the following topics: 
variability and predictability of water supply in arid regions, better 
use of present resources, prospects for additional water sources, 
.tod better adaptation of plants and animals to arid conditions. In 
addition to these sessions, special conferences, field trips, and 
lectures are planoesJ. 

Among the Societt’ inernbei's wiio have been invited to pre.sent 
rdrmal papers are L. A. Richards, U. S. Salinity Laboratory, 
Riverside, Calif.; CharlKs E. Kkllogg, SCS, Washington, D, 

H. E. Hayward, Salinity Laboratory, Riverside, Calif.; O. S. 
Aamodt, USDA, BeltsviUe, Md.; R. Mrrton Love, University of 
California, Davis; T. F. Buehker, University of Ari?a)na, and 
M. R. Hcbektv, University of California, Los Angeles. 

COMPLETE SET OF PROCEEDINGS AND JOURNAL 
AVAILABLE 

A complete set, Vols. 1 through IS, of the Soil Sekvee Society 
aj America Praceedoigs, and a complete set, Vols, 1 through 46, 
of the Agroh’omy joarual are both available for purchase. Any 
interested person, agency or library may contact the Executive 
Secretary, American Society of Agronomy, 2702 Monroe St., 
Madistm 4, Wis., for further information. 

MORRIS HEADS GEORGIA SECTION OF SOCIETY 

Harold D. Morris of the University of Georgia College . of 
Agriculture, was elected chairman of the Georgia Section, American 
Society of Agronomy, at the section’s meeting Jan. 17-19 at 
Athens. He .succeeds J. M. Elrod. Julian Miller was elected 
vice chairman, succeeding JoEi, Giddens. Hayden Rogers is per- 
nianent treasurer. 

I'he following participated in tlie program and discussion: 

A. A. Nikitin; J. A. Hunter; H, D. Mohrls; D, D. Morey; 
A. R. Brown: J.*G. Futral; R. H. Troure; Joel Giddins; 
H. F. Perkins; H. B, Harris; E. S. Luttrell; J. W. Dobson, 
|r.; S. B. Farkman; L. F, Bauman; A. A, Fleming; G. M. 
Kozelnicky; G. A. Lebhdeff; J. L. Butler; J. H. Machmer; 
W. H. Freeman; 1L C. Westbrook; E. H. DeVane; G. M. 
Prine: Ian Forbes and H. A. Lnglls. 


QUIZ MEMBERS ON TOURS AT ANNUAL MEETING 

To help local arrangements committees with plans for .th^^ 
Society annual meeting Aug. 15-19 at Davis, Calif., all members 
of the Society have received questionnaires listing several pro- 
posed field trips to be held in conjunction with the meeting. 

Members interested in the trip.s are requested to indicate their 
preference as to the tours tliemselve.s as well as to the time of 
the tours. Proposed tours are as follows: 

Ail-day tour of San Francisco and vicinity ; all day tour to Sac- 
ramento and vicinity (both primarily for women and children). 

All-day soil field trip in the Sacramento Valley. 

Agronomy field trip, Sacramento Valley. 

Wildland field trip in mountainous areas. 

All-day trip to Hopland Field Station. 

All-day soil conservation field trip. 

All-day alkali soils field trip in San Joaquin Valley. 

Conducted tour of University of California campus at Berkeley. 

Four tours to in.spect certified alfalfa .seed production in vari- 
ous sections of the state also have been proposed by the Certified 
Alfalfa Seed Council. 

Persons taking any of the tours will pay their own transpor- 
tation. 

CALIFORNIA AND WESTERN WEED CONFERENCES 
WILL MEET IN SACRAMENTO IN 1956 

The eighth annual meeting of the California Weed Conference 
and tl’ie fifteenth Western Weed Control Conference will be held 
jointly in Sacramento, Calif., on Feb. 15-17. 1956. 

The seventh annual meeting of the California Weed Conference 
was held on Jan. 26-27, in ,Santa Barbara, Calif. During the 2-day 
session, state, federal, and local weed control officials, together with 
industrial personnel and interested farmers and ranchers were 
presented with the latest information on California’s manifold 
weed control problems. Among }>rob[enis discussed were the costs 
of weeds, poisonous plants, brush, cattail and tule, cotton weeds, 
and industrial weed control; poisonous plants, 2,4*D hazards and 
lierbicide formulation problems, CMU in citrus orchards, and new 
chemicals. 
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Ofiicei’wS of the eighth California Weed Conference ine Paul 
Dresher, American Chemical Paint Co., San Jose, Calif., presi- 
dent; James Koehler, California Department of Agriculture, Los 
Angeles, vice president; O, A. Leonard, University _ of California, 
Davis, secretary; VERNON Hall, Chipman Chemical Co., Palo 
Alto, treasurer. 

Officers of the Western Weed Control Conference are: Walter 
Ball, Odifornia State Department of Agriculture, Sacramento, 
president; W, A. Harvey, University of California, Davis, vice 
president; W. C. Robocker, USDA, Reno, Nev., secretary- 
treasurer. 


PENNINGTON HEADS POTASH INSTITUTE 
CANADA OFFICE 

Roy Pennington, with the agronomy department of Pennsyl- 
vania State University since 1949, was appointed manager of the 
American Potash Institute’s Canadian office effective Feb. 1. He 
succeeds E. K. HampsoN, who retired after serving as Canadian 
manager since the Institute was formed in 1935. 

Dr. Pennington is a native of Toronto. He attended Ontario 
Agricultural College, receiving the B.S.A. degree in 1942. He 
began his work in soil fertility and plant nutrition at Pennsyl- 
vania State University in 1949 after receiving the Ph.D. degree 
from the University of Wisconsin. 

Mr. Hanipson's career in agriculture started with his gradua- 
tion from the University of Toronto in 1915. He was then an 
agricultural representative with the Ontario Department of Agri- 
culture for 4 years, and then professor of field husbandry and 
soil at the Kemptvilie Agricultural School for 9 years. From 1928- 
1935 he was Ontario representative for N. V, Potash Export Co. 

HEAD OF BRITISH SOIL SOCIETY VISITS U. S. 

A. M. Smith, president of the British Society of Soil Science, 
will visit the United States during April and May. Dr. Smith is 
head of the chemistry department at the Edinburgh and East of 
Scotland College of Agriculture, and lecturer in agricultural and 
forest chemistry at the University of Edinburgh. 

NEWS ITEMS 

George R. Blake has been research associate in soil physics 
since Feb. 1 in the soils department. University of Minnesota. 
He had been assistant professor of soils at Rutgers University 
for 6 years before moving to St. Paul. He received his Ph.D. 
degree at Ohio State University in 1949. 

H. H. Ramey, Jr., joined the staff of the Delta Branch Experi- 
ment Station, Stoneville, Miss., on Feb. 7. His work there is in 
cotton breeding and genetics. 

■ ; . : A 

Henry H. Fribourg, who received the Ph.D. degree in July 
1954 from Iowa State College, has been stationed at Camp Detrick, 
Md., since his induction into the U. S. Army last September. He 
is doing research work in the Chemical Corps Biological Labora- 
tory. Prior to his induction, he participated as chief interpreter 
in the Caribbean Agricultural Extension Conference at Kingston, 
Jamaica. 



1. Bergsteinsson has been appointed senior market research 
and development engineer for Brea Chemicals, Inc. 

■■■■ _A^. 


T Hamilton Smith has accepted a joint appointment at Clem- 
son S. C., between the South Carolina Agricultural Experiment 
Station and the Eastern Soil and Water Management Section ot 
the Agricultural Research Service, USDA. Mr. Smith recently 
completed work on his doctorate in soil microbiology at Cornell 
University. His new work will deal largely with microbiological 
aspects of mulch tillage in the Southeast. 

A 

William L. Garman has assumed duties as agricultural serv- 
ice manager for the Grand River Chemical Division of Deere and 
Co, at Tulsa, Okla. From 1950 until this appointment, he was 
with the agronomy department of Cornell Lliiversity. Fie is a 
graduate of Oklahoma A and M College where he also received 
his M.S. degree, and earned his Ph.D. degree at Ohio State 
University. 


G. T. Webster, head of the agronomy department, University 
of Kentucky, announces the following stuff additions; 

William H. Stroube, formerly of Louisiana State University, 
is now^ in charge of grass and legume evaluation studies. Tim- 
othy H. Taylor is wau-king in pasture research, haying come 
recently from the Northern Virginia Pasture Research Station, 
Middleburg, Va. He recently received his Ph.D. degree from 
Pennsylvania State University. H. Randolph Richarixs has joined 
the .staff as assistant agronomist at the Princett>n Substation. 
George Everette, previously employed as a county agent in 
Kentucky, has joined the agronomy staff as t^lxicco extension 
specialist. 

COMMERCIAL NEWS 

A new^ agricultural tank sprayer, tlie Agi-Spniyer, capable c»f 
mixing and applying all soluble and liquid materials, as well as 
many non-soluble suspension materials, hitherto believed unsuited 
for spraying, is announced by Nutritional Concentrates, Inc.. New 
Lexington, Ohio. According to the manufacturer, it permits con- 
trol of pH, as eveil as of the availability of major elements and 
trace minerals. 

_A_ 

A new* covering device, named the Furrow-Master, designed 
to fit any moldboard plowy is announced by the Russell Mfg. Co.. 
Caro, Mich. Its function is to hold down the trash and push 
it into the furiw ahead of the soil. It is adjirstabie to suit indi- 
vidual soil and trash conditions, and is designed to fit the differ- 
ent curves of various moldboards. 

„A 

The 1955 issue of “Everything in Safety,” a catalogue of per- 
sonal protective equipment mid industrial safety devices is now 
available at no cost from the General Scientific Equipment Co., 
270Q W. Huntington St., Philadelphia 32, Pa. 

A newy Model l46 Flame Photometer, Is announced by the 
Perkin-Elmer Corp., Norwalk, Conn. It uses a duo-prisin mono- 
chromator to provide maximum discrimination betw^een elements 
and the most rapid selection of the wavelengths of all elements 
that emit in a gas flame. Analyses may be made in solution on 
sodium, lithium, potassium, magnesium, calcium, strontium, barium, 
chromium, and manganese. 


^ Joe L. Kirk has been appointed director of sales and adver- 
tising for the Douglas Chemical Co., manufacturers of fumigants, 
insecticides and agricultural chemicals. 

Carl Thomas Blake has been appointed agronomy specialist 
with the North Carolina State College Extension Service. He is 
a graduate of State College and had previously served as a.ssi.stant 
county agent in Currituck. ^ 

John Hollabough, Jr,, has been appointed research assistant 
at the Rice Branch Experiment Station, Stuttgart, Ark., and Max 
Taylor has been appointed to a similar post at the Alfalfa Sub- 
station of the Arkansas Experiment Station. 


PERSONNEL SERVIGE 

The Personnel Service column is provided w^ithout charge to 
American Society of Agronomy and Soil Science Society of America 
members. For all others, a charge of $2.00 is made. Insertions arc 
limited to 100 words, and should be submitted in duplicate. An 
item will be inserted one time only, but will be given a key num- 
ber which will be carried for five additional insertions unless a 
discontinue order is received. Items pertaining to soils positions 
will be inserted one time in the SoJl Scrence Society of America 
Proceedings unless otherwise specifled. The fullowing insertions, 
published in earlier Issues, are still available: 1 1-1, 11-2, 12-1, 
1 - 1 , 2 - 1 , 2 - 2 , 2 - 3 . 
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Winter Hardiness of Birdsfoot Trefoil Strains and Varieties^ 

Kenneth O. Rachie and Alois R. Schmid- 


T he use of birdsfoot trefoil {Lotus cornkuldtus L.) as a 
permanent pasture legimie is dependent in part on its 
ability to survive winter injury. In Minnesota and other 
northern areas where birdsfoot trefoil might be grown, there 
appears to be some doubt as to the winter hardiness and 
persistence of this legume. For this reason, studies were 
made on the relative winter hardiness of birdsfoot trefoil 
strains and varieties. 

Winterkilling may be the result of several factors. Levitt 
(7) has reviewed much of the work done on tlie physiology 
of winter hardiness. Among the factors for winterkilling 
iiiost often listed and studied are varieties, food reserves, 
heaving, icc sheet injury, diseases and chemical makeup of 
the plant as influenced by soil fertility. Important studies 
of these factors, particularly as related to legumes, have been 
reported by many workers (1, 2, 3, 4, 5, 6, 10, 11, 14, 15, 
16, 17, 18) . The stage of development of plants and their 
resistance to cold injury was studied by Tysdal and Pieters 
(16) and Peltier and Tysdal (12). Several workers have 
observed differentials in winter killing among varieties and 
strains within a species. Aamodt, et al, ( 1 ) noted differences 
among strains of white clover. Brink, et al, (2) studied 
alfalfa strains and found significant differences among them. 
Since disea.se is an important factor, it is of interest to note 
that MacDonald (9) reports that clover root Tot, Sclerotima 
has been observed to infect birdsfoot trefoil and 
cause a reduction of stand, Lewis and Sherwin (8) observed 
t lia t Rhkoctoma solan} also attacks birdsfoot trefoil . 

The investigations presented here include artificial harden- 
ing and freezing of different varieties grown in the green- 
house, and observations made on winter killing of varieties 
grown in the field. These artificial treatments were used to 
compare tissue hardiness of different varieties and to supple- 
ment studies made in the field since winter killing varies 
Lonsiderably from year to year. 

MATERIALS AND METHODS 
Greenhouse Experiment 

Plants were grown in the greenhouse to different stages of devel- 
opaient, artificially hardened, and frozen in a walk-ih type freezer. 
Ranger alfalfa and Ladinp clover were used for comparison^ with 
birdsfoot trefoil in this experiment. Ranger alfalfa is sufficiently 
winter-hiirdy in Minnesota to survive most winter conditions en- 
countered. Ladino clover, on the other hand, is more susceptible 
to winterkilling. 

Five different freezings were made on Ranger alfalfa, Ladino 
clover, and five varieties of birdsfoot trefoil namely, Viking, 
Empire, Cascade, Granger, and Italian. Seedlings were made in 


^Contribution from the Department of Agronomy and Plant 
Genetics, University of Minnesota, $t, Paul, Minn. Paper No. 3210, 
Scientific Journal Series, Minnesota Agr. Exp. Sta. Part of a thesis 
submitted to the Graduate School by the senior author in partial 
fulfillment of the requirements for the degree of Doctor of Phi- 
losophy. Rec. for publication Aug. 26, 1954. 

“ Former graduate student and Associate Professor of Agronomy, 
respectively. 


6-inch clay pots, and enough seed was used to give at least 30 
seedlings per pot for the earlier treatments and at least 20 seed- 
lings per pot for the later treatments. 

A greenhouse potting soil consisting of an equal mixture of 
soil, sand, and manure was used. All the pots and soil were 
steam sterilized before planting. The seed was treated by dusting 
with Spergon. The seeds were carefully scattered in the pot and 
kept at least 'Va k^ch away from the sides of the pot to avoid 
unequal freezing injury near the outside. The seed was covered 
with i/b inch of lightly packed soil, A generous sprinkling of the 
appropriate Rhizobia was then made on top of the soil to be 
washed down to the seedlings with later waterings. The pots were 
regularly watered to insure optimum growth. The greenhouse tem- 
perature was kept at about 22® C. except on sunny days when 
the temperature was higher. Artificial light was not used since 
the experiments were started late in March when natural light was 
ample. 

After 2 weeks of growth, the seedlings in each pot were thinned 
to approximately 2(j to 30 plants per pot. Hardening of the 
plants and freezings as described later were made after 1.4, 19, 
24, 36, and 44 days of growth. Each variety was duplicated in 
each treatment and the pots were randomly arranged in two 
blocks. Seedings for all treatments were made on the same day 
and the hardening and freezing treatments were made after the 
prescribed number of days of growth in the greenhouse. 

When the prescribed number of days of growth for each treat- 
ment had elapsed, the seedlings were transferred to the hardening 
chamber for 14 days. In the hardening chamber the temperature 
was maintained at 3° C. Fluorescent lights about 18 inches above 
the seedlings were continuously used. Water was supplied when 
needed. Very little or no growth was observed in the hardening 
chamber. 

After hardening, the pots were transferred to the freezing cham- 
ber for 12 hours at —10® G, Before freezing, notes were taken on 
height of plant, number of trifoHolate leaves and the number of 
plants per pot. After freezing, the pots were returned to their 
original position in the greenhouse and the number of surviving 
plants was recorded 10 days later. 

Field Experiments 

"two separate studies were made of the survival of birdsfoot 
trefoil varieties in the field. One study was conducted at Rose- 
mount where five varieties of trefoil and Ranger alfalfa were 
seeded on June 20, 1951. Each plot consisted of 10 rows, 6 inches 
apart, and replicated 6 times. Four-hundred pounds per acre of 
0-20-10 fertilizer were applied before seeding. The birdsfoot tre- 
foil varieties and Ranger alfalfa were seeded with a 1-row gar- 
den planter at a rate of 5 and 12 pounds per acre, respectively. 

On May 6, 1952, the percent .survival of each variety was cal- 
culated from the plants temaining alive. Plants 5 feet in from 
each of 2 center rows of each plot were counted. 

The second study of variety survival was carried on at the 
University Farm in St. Paul. In this experiment six varieties of 
birdsfoot trefoil plus Ranger alfalfa were included. These varieties 
were Oregon Narrowleaf, French Broadleaf, Italian Broadleaf 
Granger, Empire, and Cascade. These plots were seeded on July 
22, 1952 and consisted of 12 rows, 6 inches apart and 20 feet 
long. Plots were again replicated 6 times and the seeding was also 
done with the garden seeder calibrated for 10 pounds per acre of 
alfalfa and 5 pounds per acre of trefoil. All seeds were inoculated 
with their app.ropriate nitrogen-fixing bacteria. The percent sur- 
vival of the varieties was calculated from counts made on the 
same area on Sept. 19, 1952 and again on April 23, 1953. Counts 
were made on 12 feet of a row. Notes were also taken on height 
of plants and their over-all vigor. In the spring of 1954 a note on 
percent .survival was obtained by, eye estimation, - , , 
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Table 1.— Survival after artificial freezing of Ranger alfalfa, ladino clover and birdsfotit trefoil varieties after 14 to 44 da>’s 

of growth in the greenhouse. 



14 days 

19 days 

24 days 

36 days 

1 

1 ■ 44' days 

Average 

percent 

survival 

Variety 

Stage 

Percent 

survival 

Stage 

Percent 

survival 

Stage 

Percent 

survival 

Stage 

Percent 

survival 

Stage 

Percent 

survival 

Ranger alfalfa - ^ ~ 

2-3 in. 
1-leaf 

0.0 

2- 3 in. 

3- leaf 

91.3 

5-6 in. 
5-leaf 

100.0 

8- 9 in. 

9- leaf 

100.0 

9-11 in, 
12-leaf 

100.0 

97.8 

Ladino clover — _ , _ . . ^ - 

2~3 in. 
1-leaf 

0.0 

2-3 in. 
1-leaf 

47,2 

3 in. 
2-Ieaf 

79.3 

3- 4 in. 

4- l6af 

50.7 

7-8 in. 
5-leaf 

16.0 

48.3 

Viking trefoil : _ - - ^ 

2- 3 in. 

3- leaf 

0.0 

3-4 in. 
5-leaf 

88.1 

4-5 in. 
6-leaf 

88.6 

6-7 in. 
9-leaf 

72.1 

8-9 in. 
10-leaf 

95.0 

86.0 

Empire trefoiL. L , 

2-3 in. 
2-leaf 

0.0 

2-3 in. 
4-leaf 

81.6 

4-6 in. 
6-leaf 

83.9 

7- 9 in. 

8- leaf 

85.0 

9-10 in. 
11-leaf 

100.0 

87 . 6 

Cascade trefoil 

2- 3 in. 

3- leaf 

0.0 

3-4 in. 
5-leaf 

56.9 

4-6 in. 
7-leaf 

79.1 

6-7 in. 
9-leaf 

91.2 

7-8 in. 
11 -leaf 

97.6 

1 81.2 

Granger trefoil - - - 

2-3 in. 

0.0 

3 in. 

50.0 

5-6 in. 

71.8 

6-7 in. 

70,6 

8-9 in. 

68,3 ! 

63. U 


3-Ieaf 

6-leaf 

7-leaf 


10-leaf 

12-leaf 



Italian trefoil. ., _ - 

2- 3 in. 

3- leaf 

0.0 

3-4 in. 
5-Ieaf 

36.4 

5-6 in. 
7-leaf 

56 . 3 

6-7 in. 
9-Ieaf 

55 . 5 

7-8 in. 
10-leaf 

82,3 

57.4 

Average. 


0.0 


64.4 


79.9 


75.0 


79.9 

74.8 

L.S.D. between 
varieties at 5 - — - 


- 




- ^ 



' 


21.4 


EXPERIMENTAL RESULTS 
Greenhouse Experiment 

Data obtained from the artificial freezing study are shown 
in table 1. When the plants were allowed to grow only 14 
days in the greenhouse before hardening and freezing, no 
plants survived. Therefore, results from this stage were 
omitted from the analysis of variance. According to the analy- 
sis, the F values for varieties and for varieties X treatments 
were significant at the 1% level. 

Ranger alfalfa had significantly greater hardiness than 
Ladino clover, Granger and Italian trefoil. In this experi- 
ment Ranger alfalfa did not have a significantly higher sur- 
vivalrate than Viking, Empire, and Cascade trefoils. Never- 
theless, it was consistently superior for each growth period 
(19, 24, 36 and 44 days of growth before hardening and 
freezing) and had more recovery vigor, suggesting that it is 
superior to these three varieties in hardiness. 

Viking, Empire and Cascade birdsfoot trefoils are more 
resistant to freezing injury than Italian birdsfoot trefoil and 
Ladino clover. Viking and Empire may be hardier than 
Granger, No other varietal differences are significant. Ranger 
alfalfa, Viking and Empire trefoils, under the conditions 
of this experiment, seemed to approach maximum survival 
rate with 19 days of growth before hardening and freezing. 
Ladino clover and Cascade, Granger and Italian trefoils, 
appeared to continue to increase in hardiness up to 24 days 
of growth. The survival of Ladino clover decreased sharply 
from the 24-day growth period to the 44-day growth period 
and was less hardy at the 44-day growth period than at the 
19“day growth period. 

Field Experiment At Rosemount 
Five varieties of birdsfoot trefoil and Ranger alfalfa were 
seeded on June 20, 1951 at Rosemount. Observations made 
the following spring on survival of these varieties are 
. recorded in table 2. 


The most striking result is that four varieties of birdsfoot 
trefoil, Granger, Italian, French, and Oregon Narrowleaf 
were completely winterkilled and that Ranger alfalfa and 
Empire birdsfoot trefoil survived relatively well. 

Ranger alfalfa was found to have significantly more li- 
ter hardiness than Empire trefoil in this comparison. 

Field Experiment at University Farm, St. Paul 

Another variety seeding was made at the University Farm 
in St. Paul on July 22, 1952 to test further the relative hardi- 
ness of birdsfoot trefoil varieties. Seven varieties of trefoil 
and Ranger alfalfa were used in this trial. The data on per- 
cent survival after eadi of the two following winters are 

presented in table 3. 

In the 1952-53 winter, Ranger alfalfa and Empire trefoil 
had significantly better survival than Oregon Narrowleaf, 
Italian and French. Ranger and Empire^ although not signifi- 
cantly different from Cascade and Granger, tend to be con - 
sistemtiy higher in survival. During the 1953”~54 winter the 
varieties French, Italian, Oregon Narrowleaf, Gratiger and 
Cascade were almost eliminated by winter injury. Only 
Ranger alfalfa and Empire birdsfoot trefoil showed good 
survival. ^ 


Table 2. — Survival of birdsfoot trefoil varieties and Ranger 
alfalfa in field trials at Rosemount, Minn., after the 
winter of 1951-1952. 


'.Variety ■ •! 

Percent 

survival 

Granger 



0 

86.0 

Italian 



French. _ ...J. 

Oregon Narrowleaf .... 

Empire...- y-c. 

■Ranger: alfalfa;.:L... . ' ' 


** Difference 'between Empire and Ranger nlfalfa~\significanrat 1% level 
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Table 3. — ^Surv’ivai of birdsfoot trefoil varieties and Ranger 
alfalfa after the winters of 1952-1953 and 1953-1954. 


Varieties 


Percent survival 
1952-1953 1953-1954 


French ... 

Italian 

Oregon Narrowleaf 

Granger 

Empire 

Cascade. 

Ranger alfalfa.. . . . 


L.S.D. between varieties at 5% = 7.3 for the 1953 winter. 

DISCUSSION 

Ranger alfalfa generally had more winter hardiness than 
any of the trefoil varieties tested in all studies made. How- 
e\ er, in some eases in both the held and greenhouse, no sig- 
niticant differences could be found between Ranger alfalfa 
and Empire, Viking, Cascade, or Granger birdsfoot trefoil. 
The reason miglit have been due to a freezing temperatiu*e 
that was not low enough to get a good differential in the 
greenliouse experiments. At Uni\^ersity Farm in St. Paul, 
the winter of 1952-53 was not rigorous enough to severely 
injure even the least hardy varieties. During the 1953-54 
winter the carieties French, Italian, Oregon Narrowleaf, 
Granger and Caiscade were severely winter injured. At Rose- 
mount the .1951-52 winter was severe, and the trefoil vari- 
eties — Granger, Italian, French, and Oregon Narrowleaf — 
were completely killed while Ranger alfalfa, and Empire 
birdsfoot trefoil showed good survival. 

Empire birdsfoot trefoil in the field and greenhouse is 
somewhat more cold resistant tlian other varieties of trefoils 
tested. In the greenhouse, howeser. Viking was not observed 
to be significantly less hardy than Empire. Further study of 
the winter hardiness of Viking in the Held and by artificial 
freezing seems warranted since this variety had good vigor, 
resistance to disease, and recovery from freezing. Seed of 
this variety was not available in time to be included in these 
iieid studies. Although Empire has good cold hardiness, it 
has a slower jx'cocery and seems to have less vigor than other 
varieties of trefoil. This is in agreement with Ronningen’s 
(13) work on white clover when he obtained a significant 
negative correlation between vigor and winter hardiness. 

The results obtained with Ladino in the greenhouse were 
quite variable. This may have been due to Ladino havdng a 
rather narrow range of freezing resistance or because resist- 
ance to freezing fluctuates with growth. 

Freezing at different stages of growth was studied to 
determine how soon seedlings obtain sufficient cold hardi- 
ness. The first artificial freezings were made when all seed- 
lings had made a minimum of l4 days of growth, and all 
varieties were killed at this stage. Ranger alfalfa, Viking 
and Empire trefoil, had very good resistance to freezing 
after 19 days of growth, each averaging better than 80% 
survival. Ladino, Granger, Cascade, and Italian seem to 
require more than 19 days of growth before obtaining rela- 
tively good resistance to freezing. Peltier and Tysdal (12) 
concluded that 10 to 18-day old alfalfa seedlings a.re rela- 
tively susceptible to freezing in comparison to both younger 
and older seedlings. Tysdal and Pieters (16) also showed 
that alfalfa and red clover increase in cold resistance with 
advance in age after the two-leaf (trifoliolate leaves) stage. 


The results presented here agree with those of Peltier and 
Tysdal and Tysdal and Pieters. Certain variet.ics of trefoil 
howev'cr, probably require longer growth than others before 
they can tolerate freezing temperatures. 

SUMMARY 

Winter hardiness experiments using field conditions and 
artificial freezing showed that Empire birdsfoot trefoil was 
more winter-hardy than the other trefoil varieties tested, 
with the possible exception of Viking, which was tested 
only by artificial freezing. 

There were no v^arieties whicli survived freezing after 
only 14 days of greenhouse growth, but all varieties had at 
least fair survival after 19 days of greenhouse growth. Ranger 
alfalfa, Empire, and Viking birdsfoot trefoil had good sur- 
vival after 19 days of greenhouse growth, whereas Ladino 
clover. Granger, Cascade and Italian birdsfoot trefoil were 
less hardy at this stage of growth. 
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lECOGNITlON of the importance of grassland farming 
-and the need for improved forage production has 
emphasized the demand for superior forage varieties. Select- 
ing parents which transmit desirable characters to their prog- 
enies is the main problem that confronts the plant breeder 
in developing such varieties. 

Combining ability has been recognized in selecting desir- 
able inbred lines of corn. The success of this type of selec- 
tion is well illustrated by the improved performance of hybrid 
corn varieties. On the other hand, neither the methods nor 
the importance of selecting on the basis of combining ability 
have been adequately investigated for perennial forage 
grasses. 

This investigation was undertaken to compare three differ- 
ent means of evaluating combining ability in ordiardgriiss. 
The methods differed by the range of pollen available to 
the parents for fertilization. The pollen sources were varied 
by including selected clones in wide and restricted polycross 
nurseries and in single-cross blocks, 

REVIEW OF LITERATURE 

Tysdai iind Crandall (7) demonstrated the need for selecting 
parents of high combining ability to produce high yielding alfalfa 
synthetics. They produced two synthetics, one with high combin- 
ing parents and one with low combining parents. The former 
yielded 29% more forage in the first generation than did the low 
combining synthetic. They concluded that as long as there is con- 
siderable genetic variability among the lines in the polycross 
nursery, the polycross test should measure general combining 
ability efficiently. Eight alfalfa clones evaluated through progenies 
from single-crosses, a polycross nursery, u polycross nurseiy vdth 
Arizona Common in alternate i*ows, and top-crosses with Arizona 
Common, ranked practically the same in each test. 

Knowles (4) studied combining ability in smooth bromegrass 
and crested wheatgrass. Combining ability ratings from open- 
pollinated progenies agreed with the ratings from controlled 
crosses among clones of crested wheatgrass, A reasonably good 
agreement was noted between the yields of variety top-cross and 
open-pollinated progenies. The polycross and Open-pollinated 
progenies of bromegrass gave similar yields; however, a non- 
significant correlation was obtained between the yields of open- 
pollinated and single-cross progenies. The lack of agreement was 
attributed to the presence of selfing in the single-crosses. In gen- 
eral, Knovdes found a poor relationship between parental perform- 
ance and progeny performance. He suggested the use of open- 
pollinated progenies to evaluate selections for yield potential. He 
agreed with Sprague and Tatum (6) that general combining abil- 
ity is more important than specific ability in lines not previously 
tested and selected for combining ability. 

Weiss, et al. (9) found very little association between orchard- 
grass clones and their open-pollinated progenies for forage yield 
or leafiness. Poor association was also noted between the yields 
of single-crosses and the mean yields of the parents. The test 
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was planted in 3'foot drill rows. They stated that the use of 
broadcast plots probably would have given a moixvaccurate evalu- 
ation of progenies. They mention that the open-pollinated seed was 
obtained from single plants in a space-planted nursery. Ihus, male 
parentage Avas confounded in their experiment. 

Miurphy (5) compared the performance of parental clones with 
that of polycross and self ed progenies from three species of grasses. 
Drilled, broadcast, and spaced plantings were used. Significant 
positive correlations were obtained between parental and progeny 
yields regardless of method of planting. According to these inves- 
tigations, any of the methods tested could be used in selecting 
for high yield potential. 

Hanson, e/ aL (2) compared the general combining ability 
of 18 parental clones of orchardgrass and 52 ot their inbred lines 
in broadcast plots. The results indicated that there \va,s little 
relationship between combining ability and level ot inbreeding. 
They suggest that line.s within families should be evaluate<.l for 
combining ability. 

Wilsie and Skory (10) found a possible assodatian between 
forage yields of single-cross and open-pollinateil progenies of 
alfalfa clones that might be of assistance in evaluating combining 
ability. They stressed the need of determining specific combining 
ability in the selection of lines to be indiided in synthetics. 

Bolton (1) and Knowles (4) ccm'Jpared reciprcwal crosses and 
found vety little difference in their beliavior. Knowles did find 
some instances in bromegrass where significant differences occurred. 
Self-fertilization during crossing was suspected to Ijave caused 
the differences. 

Hawk and Wilsie (3) found greater variation in forage yield 
of parental clones than for open-poljinated progenies in brome- 
grass. Of 78 clones evaluated, only a few produced open-poUinated 
progenies superior in yield. Yielding ability of the parents and 
the open-pollinated progenies showed .some relationship. They 
attributed 20 to 35% of the variability in progeny yields to difi'er- 
ences in the yield potential of the parents. They advocate careful 
.screening of parental material before^ progeny testing and the 
use of replicated single hill nurseries for clonal evaluation. They 
obtained data that would indicate seedling vigor tests may be 
of value for screening large numbers of open-polIinatCil progenies. 

In testing six w^ays of planting, Weiss and Mukerji (8) found 
that broadcasting orchardgrass alone gave more .tccurate evalu.f- 
tion of strains than 1-foot or 3-foot drill rows. Bro.iilcasting 
with alfalfa and birdsfoot trefoil w’cre used .is st.fm{anis of the 
true potential of the lines. 


MATERIALS 

The parental clones trace back to a source nursery of 4,0t)0 
spaced plants. Of the original plants, 257 wrere selected and 
planted in a poly cross nursery. Seed from 102 of these was planted 
and 38 selections were made on the basis of cibservational notes 
taken in the progeny test and in the clonal nursery. These were 
grouped according to maturity and planted into seven restricted 
polycross nurseries. The parents included in two of these nurseries 
were used in this study. Seven of the clones used were in an 
early group with May 31 as the average date of heading. June 11 
was the average for the five clones in the late maturing group. 

All of the seed used in the field experiments was harvested in 
1949. Seed from the parental clones w^as collected at all locations 
in a wide polycross nursery having a total of 112 clones in 6 
replications of 5 plants each. Progenies from this source wdll be 
referred to throughout the report by the abbreviation WPG. 

Seed was harvested from each parent in their respective restricted 
polycfoss^ nurseries. The parents were planted in 10-phint rows 
and replicated 15 times in these nurseries. Progenies from thi.s 
source will be designated by the abbreviation RPC, In addition to 
the bulked seed of individual parents, an early and a late syn- 
thetic were made by compositing equal quantities of RPC seed 
from parental clones of each group. 
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i Single-cross seed was obtained by interplanting the parents in 

i all possible combinations within the early and late groups. Isola- 

tion was attained by dispersing the crossing blocks in wheat ilelds. 
The blocks consisted of 2 alternate 20-pIant rows of each parent. 
Seed from each parent was harvested and threshed separately. To 
supplement this seed, panicles from adjacent plants were bagged 
in the restricted polycross nurseries. Since the supply of single- 
cross seed was insufficient for planting reciprocal crosses, each 
parent was represented by an equal weight of seed in the single- 
cross lots. 

! EXPERIMENTAL PROCEDURE 

[ To obtain fertility indexes for the i.'jarents, panicles were bagged 

i in 1950 and 1951. A total of 60 panicles per parent was used to 

I determine the seed set under bags and an additional 60 panicles 

■ were used to determine open-pollinated seed set. Two parchment 

bags enclosing 5 panicles were placed on 10 plants of each par- 
ent for selling and likewise for containing the open-pollinated 
I panicles after fertilization. Self-fertility is expressed as a percent- 

i age of open-pollinated seed set. 

i The progenies were tested in two held experiments correspond- 

f ing to the two maturity groups, Tlie 7 early maturing parents 

I and their progenies were planted in a randomized block design 

I with 4 replications of 4- by l6-foot plots. Progenies of the five 

j late maturing clones were planted as a split plot design of four 

I replications with each entry being represented by a broadcast and 

a space-planted plot. The spaced individuals w“ere established in 
i 12-plant plots with a spacing of 2 feet within rows and 3 feet 

i between rows. 

I The parents were included in both experiments as tiller plots. 

I Tillers were established in flats after being rooted in water and 

f transplanted on 6-ineh centers in the field to simulate broadcast 

I plots. The plot size, 4 by 8 feet, was only half that of the seeded 

' plots. . : 

j Forage yields were obtained in 1951 and 1952. Both years 

i were droughty so only two harvests were taken each year. First 

harvests w^ere cut at full bloom and the second were cut when 
; the grass was 6 to 8 inches tall. The spaced plants were harvested 

f individually in 1951 and by plots in 1952. Yields are reported 

I as oven-dry hay containing approximately 5% moisture. 

In addition to the field experiments, 2 seedling trials were 
conducted in the greenhouse in the fail of 1951 to correspond 
^ to the 2 field experiments. They were designed to compare seedling 

1 vigor with field performance. The early maturing group was 

' planted in a 6 by 7 triple rectangular lattice and the late group 

i was arranged in a 5 by 5 triple lattice, both with 6 replications. 

' The plots were arranged so that each flat contained one block 

i with a border. A plot consisted of 2 rows of 6 plants. The eight 

I inside plants of each plot were harvested. 

[ The seedlings were harvested 53 days after planting. Plants 

I from each plot were bulked, after cutting the tops from the 

I roots, for drying. Root and top weights were recorded separately. 

I Correlation coefficients calculated for the agronomic characters 

f were obtained by combining the data of the early group and the 

I late group planted in broadcast plots. This gave ID degrees of 

I freedom for the r values to show parent-progeny relation.ships. 

The data from the two experiments were adjusted to their respec- 
I tive means in computing the sums of squares and sums of 

' products, 

j-:'. . / : ■y' EXPERIMENTAL RESULTS 

; FERTILITY INDEXES 

' According to the fertility indexes (table 1), ail parents 

I w^ere highly self-sterile with the exception of parents MI- 13 

; and Mn-34 in the early maturity group and MIV-6 in the 

late group. The average fertility indexes for these 3 clones 

> were 80, 22, and 35, respectively. No significant relationship 
was noted between .selfed-sced set and open-pollinated seed 

jf. set, the correlation coefficient being 0.26. 

[ FORAGE YIELDS 

> Average yields of the parents and progenies for 1951 and 

\ 1952 are shown in figures 1 and 2. The single-cross yields 

1 are the average of all crosses involving the respective parents. 



Table 1. — Average seed set per panicle for 2 years and the 
fertility indexes of ail parents given in percentage of selfed 
seed set to open-pollinated seed set. 


Parents and Group 

Seed set per panicle 

Fertility 

Index 

Open- 

pollinated 

Selfed 

Early Maturity 




MI-13 

114.5 

92.0 

SO 

MI-14. 

69.5 

2.5 

4 

MI-16 

233.5 

4.5 

2 

MI-17.,.. 

155.0 

1.5 

1 

MII-30.„.._„ . 

383,0 

2.0 

1 

MII-34 

94.5 

20.5 

22 

MII-36.- - 

236.0 

9.0 

“4 

Late Maturity 






548 . 0 

23.0 

4 

MIV- 6 .. 

515.5 

178.0 

35 

MIV- 11 ...„.:. 

529.0 

10.0 

2 

Mrv-i 4 .._.... 

328,5 

9.5 

3 

MIV-16 

292.5 

17.0 j 

6 


Significant differences in yiekl.s among entries were found 
in both experiments. The parents were predominately higher 
in yield than the progenies, mainly because the tiller plots 
beGime established faster and iiiaintaiiied this advantage 
possibly as a conset|uence of lower plant population. In both 
experiments, there was a significant interaction (0.0 1 ) of 
years X strains; however, significant correlations were found 
between the yields taken in 1951 and those in 1952, The 
interannual correlations for yields of parents, single-crosses, 
restricted polycrosses, and wide polyemsses were (5-58, 0.93, 
0.87, and 0.94, respectively. 

Considering the parent-progeny relationships, good asso- 
ciations were found as indicated by the correlation coetfi- 
cients ill table 2, AH of the parent-progeny correlations wxre 
significant at the 0.05 level using the 2 -year average yields. 
With the annual yields, some of tlie corre lations only 
approached significance. The closest relationships existed 
betvveen the parents and progenies of the late group planted 
in broadcast plots (.figure 2). 

Results of the space-planted portion of the late group 
experiment were somewhat diferent from those of the broad- 
cast pCHtion, There was a significant interaction of strains 
with methods of planting, MIV-14 appeared as one of the 
high yielding parents with high yield ing polycross progenies 
contrary to the findings in the broadcast portion of the 
experiment. .. . 

Relationships among the progenies for yield were of 
about the same degree as between parents and progenies. 
In both instances, however, the correlation coethdents with 
the RPCs tended to be lower. 

Mean yields of the single-crosses among the early parents 
arc given in tabic 3. Specific combining ability wms shown 
by all of the parents except MI-13 and MII-30. Each one 
had a single-cross that deviated significantly from the aver- 
age of ail the respective single-crosses. In all instances except 
MII-34 X MI-17> these aosses showed increases over the 
averages. Of the crosses witli MI-13 and Mn-30, all but 
one with each parent yielded above the average of all the 
single-crosses of the other parent in the crosses. 

Single-crosses of the late maturing parents planted in 
broadcast plots (table 4) yielded as might be expected from 
the results of the polycross progeny tests and the parental 
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PARENTS AND PROGENIES 

Fig, K—Average forage yields from the early maturity group for 
parents and progenies for two years. The , single-cross yields are 
averages of all single-crosses for the respective parents. 


Table 2.— Correlations among characters of parents and various 
t>pes of progenies in broadcastf plots. 


Character 

Year 

Single 

crosses 

Re- 

stricted 

poly- 

crosses 

Wide 

poly- 

crosses 

Yield: 





Parents . . 

1951 

0.66* 

0.52 

0.63* 

Parents^ 

1952 

0 . 54 

1 0.57 

0.66* 


2-year ave. 

0.63* 

0.60* 

0.74** 

Single-crosses _ _ . 

1951 


0.51 

0.80** 

Single-crosses .. _ _ 

1952 


0.58* 

0.75** 


2-year ave. 


0.54 

0.80** 

RPC’s . 

1951 



0.64* 

RPC’s.. 

1952 

. 


0.76** 


2-year ave. 



0.74** 

Height: 

1951 




Parents. . . . . ... 


0,89** 

0.74** 

0.76** 

Single-crowsses . . „ 



1 0.74** 

0.84** 

■■ ■' RPC's. . - 




0 . 58* 

Leaf rust: 

1951 




Ppents , . 


0.90** 

0.70** 

0,78** 

Single-crosses . . .. 



0.72** 

0.71** 

RPC’s. . . ..... 




0.84** 

Leaf spot: 

1951 




Parents 


0.89** 

0.56 

0.90** 

Single-crosses 



0,43 

0.84** 

RPC’s 




0.50 


t Parent clones grown, in tiller plots* 

* r — 0.58 for significance at 0.05 level. 
^^ r— 0.71 for significance at 0.01 level. 


yields. Crosses among the three superior parents were all 
among the higher yielding singie-aosses. MIV-14 and 
MIV-16 made low yielding crosses with MIV-6 and high 
yielding crosses with MIV-11 showing the expression of 
specific combining ability (table 4). This was in the broad- 
cast plots only. There were no significant differences in yield 
among the single-crosses grown in spaced plantings. 

HEIGHT 

.. The association between parents aiad progenies and among 
progenies tended to be closer for height than for yield. All 




parents and PHOGENiES 



PARENTS AND PROGENIES , ' 

Fig. 2.— Average forage yields from tlie late maturity group for 
the parents and progenies. Yields are given for two years and for 
two methods of planting. I'he single-cross yields are the averages 
of all .singlercrosses for the respective parents. 


of the correlatiofv height (tabic 2) were 

significant (0.03). As with yieldy the correlations with the 
RPCs tended to be lower than the others, lliere was a 
correlation between yield and height in 1931. The r values 
for the early group, late group in broadcast plots and as space 
planted plots were 0.33, 0.86, and 0.64 respectively. All 
three were significant (0.01). 

DISEASH 

Disease ratings were recorded for all plots in 1931. Leaf 
rust, Uroinyces dactyl idis Otth., and Stagonospora leaf spot, 
Stagonospora maculafa (Grove) Sprague, infections were 
rated on a 1 to 10 scale. Signifiamt differences among entries 
were found for both diseases. The readings from the broad- 
cast plots showed comparable relationships between parents 
and progenies and among progenies. The correlation coeffi- 
cients (table 2) were significant or approaching significance 
except for single-cross vs. RPC for leaf spot. The r values for 
leaf spot involving RPC progenies were considerably lower 
than those relating the other progenies and parents. 


lis 




OLDEMEYER AND HANSON: EVALUATION OF COMBINING ABILITY IN ORCHARDGR ASS 


Table 3*^ Mean forage yields for 2 years of ail possible single-crosses among the early maturing parents. 

Yields are given in tons per acre. 


! 

Parents 



Parents 




MI-13 

MI-14 

MM.6 

MM7 

M 11-30 

MII-34 

MII-36 

Averages 

MM3 - 

2.89* 

2.59 

2.68 

2.92 

3.04 

2.71 

2,80t 

MI-14. 2.89 

— 

2.22 

2.36 

2.65 

3.21 

2.35 

2.61 

MI-16 : 2.59 

2.22 

— 

2.31 

3.18 

2.91 

2.27 

2.58 

MI-17 2.68 

2.36 

2.31 

— 

2.98 

2.31 

3.40 

2.67 

,, 2.92 

2.65 

3.18 

2.98 

— 

2.36 

2.84 

2.82 

M 11-34 , 3,04 

3.21 

2.91 

2.31 

2.36 


3.06 

2.82 

MII-36 2.71 

2.35 

2.27 

3.40 

, i 

2,84 

3.06 

i 

2.77 


Differences reqtiired tor significance among crosses are 0.51 (O.OS) and 3.68 (O.Ol). 
t Differences required for significance among averages are 0.20 (0.05) and D.2S (0.01). 


SEEDLING VIGGR 


Seedling vigor was nieasured by the production of oven- 
dry material, height and amount of tillering after 53 days 
of growth. Table 5 gi\'es the correlation coefficients among 
the seedling characters and between seedling characters anci 
iieid performance of the progenies tested. Significant corre- 
lations were found for the oven-dry weights of the above 
ground parts vs. height of the seedlings and tillering in 
both the early and late maturing groups. Correlations of 
seedling characters with field performance were not consist- 
ent. Seedling \tigor as measured by top growth was signifi- 
cantly correlated with yields in the field for the late group 
tested in broadcast plots but not for the early group or the 
late group tested as spaced plants. 


Table 4. — Mean forage yields for two years of all possible 
single-crosses among the late maturing parents as broad- 
cast plots and space-planted plots. Yields are given 
in tons per acre. 


Parents 


DISCUSSION 


Although some of the parents were found to be highly 
self-fertile, there was no indication that progeny yields were 
adversely affected by the self-fertility. In the late matxirity 
group w^here ail progenies were represented as spaced plants, 
the number of w'eak plants in the progenies was not con- 
sistent with the self-fertility indexes of the parents. Parent 
MI-13 of the early group that had the highest self-fertility 
index, 80, would have been expected to produce the most 
offspring showing reduced vigor due to selfing but its prog- 
enies gave the highest yields. Either little selfing occurred 
under open-|x>llination or the reduction in vigor due to self- 
ing was compensated for by the more vigorous plants in 
broadcast plots. In the.se tests it appeared the selling poten- 
tial of the parents was not a factor in progeny performance. 

In evaluating the general combining ability of the parents, 
little difference was found between the effectiveness of the 
wide polycross and the restricted polycross progeny tests. 
Because the progenies from the two sizes of polycross nurs- 


rarents — 

MIV- 

5 

MIV- 

6 

MIV- 

11 

MIV- 

14 

MIV- 

16 

Aver- 

age 

MIV-5,. 

2.45* 

3.09t 

2.70 

2,75 

2.75t 

. . 

2.68 

2.68 

2,32 

2.21 

2.47 

MI 2.45 



2.47 

1.82 

1.74 

2.12 

2.68 

-- 

2.45 

2 .08 

2.36 

2.39 

MIV-IL 3,09 

2.47 



3.30 

2,99 

2.96 

2.68 

' . 1 

2.45 

— 

2.49 

2.63 

2.56 

MIV-14 2.70 1 

1.82 

3.30 

___ 

2.23 

2.51 

2.32 

2.08 

2.49 1 

— ^ — 

2.37 

2.32 

MIV-16-„„..„ 2.75 

1.74 

2.99 

2.23 



2.43 

2.21 

2.36 

2.63 

2.37 : 

— ' — 

2.39 


* Top numbers are yields for the crosses in broadcast plots, bottom num- 
bers are yields as .spaced plants. 

t Differences required for siKnificance among crosses are 0.44 (0,05) and 
0.59 (0,01) for broadcast plots. 

t Differences required for significance among the averages are 0.22 (O.OS) 
and 0.30 (0.01) for broadcast plots. 


cries gave comparable evaluations of the parents for com- 
bining ability, it seems that the range of pollen available 
for fertilization is not aitical with uniform pollen sources. 
Having fewer than five entries in a polycross nursery or 
having the pollen sources confounded, as in a source nurs- 
ery, might cause varying results. 

The average yields of the single-cross progenies from 
the respective parents were significantly correlated with par- 
ental and polycross yields; however, there was considerable 


Table 5.-— Correlation coefficients for the relationship among seedling characters and between seedling vigor and field results. 


Characters Correlated 


Early Group 
Broadcast 


Late Group 


Broadcast 


Spaced 


Top weight of seedlings vs. height of seedlings 

Top weight of seedlings vs. tillering of seedlings 

Top weight of seedlings vs. two year average yield in field „ 
Height of seedling vs. height of second cut in field 


■' r ■ 

n 

r ' ■ 

n 

. r- 

n 

0.34* 

36 

0.91** 

; ^22: - 



49** 

36 

,59** 

22 

— 


-0H8 

35 

.56** 

21 

0.08 

21 

- .08 

35 

.66** 

21 

— 

— 


■■■■ Significant at 0.05 level. 
Significant at 0,01 level. 
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SUMMARY 

Methods of evaluating combining ability were studied 
using seven early and five late maturing ardiardgrass clones. 
Progenies from' a wide polycfoss of 112 clones, restricted 
polycrosses of the 7 and > clones, and single-crosses plus tiller 
plots of the parents were used in the testing. The early 
group was planted in broadcast plots and tlie late group iii 
both broadcast and space-planted plots. Seedling vigor of 
the progenies as measured by growth in a greenhouse was 
compared to the field perforinance. 

Considering yield, significant correlation a)elficients were 
obtained in relating polycross and single-cross progenies to 
the parents, wide polycross progenies to restricted jxilycross 
progenies, and 1951 performance to 1952. There was con- 
siderable variation among the single-crosses for the respec- 
tive parents indicating the expression of specific combining 
ability. The evaluation of the late parents differed in the 
two methods of planting both through parental yields and 
progeny yields. It appears that broadcast scedings are more 
desirable for testing than spaced plantings. 

For heiglit, the reiatioiiships among the parents and prog- 
enies were very similar to yield. Height was significantly 
correlated with yield. 

Differences in susceptibility to leaf diseases were found. 
Susceptible parents produced susceptible progenies in all 
cases. Except for the correlations for the restricted polycross 
progenies for leaf spot, the correlation coefficients among 
the progenies and parents were highly significant. Differ- 
ences in susceptibility were more easily detected in broad- 
cast plots as compared to spaced plants. 

Significant correlation coefficient.s were obtained for seed- 
ling top growth with seedling tillering and height. Relation- 
ship to field performance was obtained only with the broad- 
cast plots of the late group. 
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variation among the crosses of individual parents. The exhi- 
bition of specific combining abilit)^ among both groups of 
parents studied illustrates the importance of considering spe- 
cific combining ability where only a few parents are to be 
combined into a synthetic variety. Although the major part 
of selection can be made f rom parental and polycross progeny 
pjerforniance, single-cross testing appears to be desirable 
for final evaluation. 

Since the 2 years that the plots were harvested were 
droughty, the first aitting produced the greater portion of 
the yield particularly since they were cut at the hay stage. 
Perhaps cutting earlier to simulate pasturing or removal for 
ensilage would have lowered the correlations between height 
and yield. The high heritability of height may have con- 
tributed considerably to the relatively high parent-progeny 
r values. 

It was noticed in compiaring the various parent-progeny 
relationships that the correlation coefficients wfith the RPC’s 
tended to be lower than the others. No explanation is offered 
for this. Theoretically at least, the correlations between the 
RPC’s and average single-crosses should tend to be higher 
than the others since with random pollination the RPC’s 
should be a composite of all possible single-crosses. 

The results of the experiment with the late group where 
the parents and progenies were included both in space- 
planted plots and in broadcast plots show that the two meth- 
ods may give different evaluations. Parent MI V-l 4 and its 
polycross progenies behaved quite differently, compared to 
the others, in the two methods of planting, For forage yield,s 
in particular, broadcast plots should give the more reliable 
evaluations since grasses are generally seeded in solid stands 
for forage use. 

Progeny testing for leaf spot and leaf rust in orchard- 
grass may not be necessary; however, such data would ordi- 
narily be obtained in conjunction with yield tests. This data 
would be a desirable supplement to that obtained from the 
parents. 

It was easier to detect differences in disease susceptibilit}^ 
among the progenies in broadcast plots than in space-plant- 
ings. This may have been because the conditions in solid 
,stands were more favorable for the spread and developanent 
of the leaf diseases or because it was easier to make com- 
parisons from plot to plot where the plant variation was, 
in effect, averaged out in the broadcast plots. 

In observing the disease resistance of the material, sus- 
ceptibility to leaf rust was accompanied by resistance to 
Stagonospora leaf spot and vice versa. High susceptibility 
to both diseases was not found but some entries appieared 
to be relatively resistant to both. The nature of the rela- 
tionship was not studied but it possibly could be a linkage 
problem. On the other hand, it might have been a physi- 
ological reaction with rust infection masking or preventing 
heavy leaf spot infection even though the material possessed 
an inherent susceptibility to leaf spot. 

The use of seedling vigor tests as a means of evaluating 
progeny performance should be studied further as a possible 
short cut in a breeding program. If some way of measuring 
seedling characters can be devised that will correlate with 
field response, material could be screened much faster. The 
relationship between the seedling vigor and the field results 
of the seeded portion of the late group gave a certain amount 
of encouragement. The greenhouse tests were conducted in 
the fall under shortening day lengths. Perhaps a spring or 
summer trial would give results more consistent with those 
in the field. 
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Association Between Diastatic Power and Certain Visible 
Characteristics and Heritability of Diastatic 
Power in Barley^ 


A. D. Day, E. E. Down, and K. J. Frey^ 


I T IS a well established fact that diastatic power is a major 
criterion of malting c|uaiity in barley. Diastatic power has 
been shown to be (2, 4, 7) a strain or varietal character- 
istic, and therefore, barley breeders can select strains which 
have a consistent relative activity for this enzyme. One of 
the major obstacles in selecting barley strains with a desired 
diastatic power is the lack of an easy method for evaluating 
this characteristic in the early generations of a barley cross. 
Even the ferricyanide metliod for determining diastatic activ- 
ity in barley grain, developed by Anderson and Sallaas (1), 
it too laborious to be used on the large numbcT of segregates 
tliat need to be analyzed in a barley improvement program. 
Selection for gocxi agronomic barley strains with desirable 
diastatic activity would be greatly facilitated if an association 
could be established between certain morphological characters 
and high or low diastatic power. 

Den Hartog and Lambert (3) studied the association 
between diastatic power and yield, bushel weight, and floret 
fertility, all of which are considered to be multigenically 
determined. They found several signiflcant correlations but 
they were of low' magnitude. There is some popular belief 
that blue aleurone barley varieties are lower in malting 
quality than w'hite aleurone strains. However, this fact has 
been refuted by isogenic line studies.^’ 

The study reported herein is an attempt to determine if 
associations do exist in barley between diastatic activity and 
certain morphological characteristics wdiose mode of inher- 
itance is known. The morphological characteristics were 
selected to represent one gene in each of the first five barley 
linkage groups (6). 

MATERIALS AND METHODS 

In order to determine if an association existed between diastatic 
activity and certain visible characteristics known to be determined 
by a gene which was already mapped, a number of crosses were 
made between low and high diastatic activity barley varieties in 
which certain visible characteristics segregated. In each cross, strains 
of barley homozygous for the tw^o contrasting classes of the par- 
ticular visible character were selected in the Fa generation and 
analyzed for diastatic activity. By comparing the mean diastatic 
activity of the two classes, it was possible to distinguish any 
association between a given characteristic and diastatic power. 
The associations in all cases were with the marker gene rather 
than the chromosome. 

The barley variety, O.A.C. 21, characterized by high diastatic 
activity, was crossed with a series of varieties having low diastatic 

^ Published with the approval of the Director of Michigan Agr. 
Exp. Sta., East Lansing, Mich., as Journal Paper No. 1669. Rec. 
for publication Sept. 9, 1954. A portion of a thesis submitted to 
the graduate faculty in partial fulhlinient of a Doctor of Philosophy 
degree in plant breeding. 

^ ~ Assistant Professor of Agronomy, University of Arizona, 
Tucson, Ariz., and formerly Graduate Assistant at Michigan State 
College, East Lansing, Mich,; Professor of Farm Crops, Michigan 
State College; and Associate Professor of Agronomy, Iowa State 
College, Ames, Iowa, formerly Assistant Professor of Farm Crops, 
Michigan State College, respectively. 

Personal communication from Dr. G. A. Wiebe, 


power. The parents low in diastatic activity were selected such 
that when crossed with O.A.C. 21 the resulting progenies would 
segregate for one monofactorial characteristic gene in each of the 
flrst live linkage groups. The barley linkage groups, visible char- 
acteristics studied, and crosses representing each linkage group 
are given in the following table: 


Linkage 

Group 

Visible characteristic 
segregating 

Cross ' 

i„ 

2-row vs. B-vow 

Alpha X O.A.C. 21 

II 

Black vs. white hulls 

I Dorsett X O.A.C. 21 

III 

Naked vs. covered kernels 

C.I. 1370 X O.A.C. 21 

IV 

Blue vs. white aleurone 

O.A.C. 21 X Mars 

V 

Bough vs. smooth awms 

O.A.C. 21 X Mars 


Since dominance was involved in each case except 2-row vs. 
6- row it was necessary to grow the material in Fu progeny rows 
in order to distinguish the 2 homozygous classes of each segre- 
gating character. Each plot consisted of 1 row, 16 feet long. 
The seed harvested from homozygous ‘ E-. rows and parental selec- 
tions, which were also grown in 1 -row plots, 16 feet long, was 
ground to pass through a 2C)-mesh sieve and diastatic activity was 
then determined on each sample according to the method of Ander- 
son and Sallans (1). Each sample was analyzed in duplicate or 
Until the determinations agreed on titration to within 0.3 mi. 
of sodium thiosulphate. A standard variety was included as a 
check with each set of determinations. The difference betw^een the 
mean diastatic activity of the Bvo homozygous classes of segre- 
gates from a cross was tested for significance by a ’'f' test. 

In order to compare naked wnth hulled barley seed the means 
of the miked ker? 2 ei parmt ixnd the /jaked kerfiel pmgcnks v/eit: 
adjusted for hulls using 13 as the average percentage of hull 
on a 6-row barley (8). 

RESULTS ■ 

Association of Diastatic Power and 
Visible Characteristics 

The means of diastatie activity in degree Lintner (L^‘) 
and the values for each of the progeny classes and the 
parents are given in table 1. In ail five cases the parents differ 
significantly in diastatic activity, with O.A.C. 2 1 being tilie 
highest in each comparison. It is evident from the 74” test 
for progenies that there is an association between diastatic 
activity and the 2 -row vs, 6-row’ characteristic. However, 
tlie progeny of the 2 -row group had the highest mean dia- 
static activity, in contrast to expectation. If some genes in 
linkage group I of the O.A.C 21 parent contributed to high 
diastatic activity, it would be expected that the segregates 
of the 6-row group would have a higher mean diastatic activ- 
ity than the 2-row group. To explain tlic results obtained, it 
must be assumed that the chromosome which carries the 
2-row gene in the Alpha parent contributes a great deal 
of diastatic activity while the comparable chromosome in 
O.A.C. 21 contributes relatively little. The average back- 
ground of germ plasm in the two classes of progeny should 
be approximately equal and any difference between the two 
groups in diastatic activity would be the contribution from 

^ "Homozygous” refers only to the gene being studied. 
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Table l.—-*Oiastatic power in L® of parental varieties and classes of segregates from several barley crosses. 







Chromosome group 





I 

II 

HI 

IV 

V 

Generation 

Alpha X 
O.A.C.21 

Dorsett X 
O.A.C,21 

O.A.C.21 X 
C.I.1370 

0,A.C.21 X', 
Mars 

O.A.C.21 X 

Mans 


2-Ilow 

6-Row 

Glumes 

Kernels 

Aleurone 

Awns 


Black 

White 

Covered 

Naked 

Blue 

White 

\ ' 

Rough 1 Smooth 

Parents 

N 

12 

12 

12 

12 

12 

12 

12 

12 

■ 12 . 1 12 ■■ ; 

M,-.,- 

183.06 

215.13 

163.89 

215.13 

215.13 

186.20 

215.13 

141.15 

215.13 i 141.15 1 

t ■ 



3.41*'= 

8.58** 

8.. 58** ? 

Pure Breeding Progeny 

N -L. : 

30 

30 

30 

30 

5 

5 

33 

30 

32 1 31 

' M. 

211.09 

166.48 

163.42 

169.36 

145.73 

150.71 

143.17 

151.32 

15.1 .29 1 128.44 

t : 


0. 

85 

0. 

00 

1. 

3 ( 

3.12** : 


■" NT :ir Number of select ion-? or lines analyzed. 
M~Mean. 

t-value of the ‘‘L’ test. 

** Significant at- the 1% level. 
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genes located in linkage gtoup I. This can be illustrated by 
arbitrarily assigning numerical values for diastatk power 
to the’ genes in each parent. If it Is assumed that the genes 
in linkage group I of O.A.C 21 contribute 10 L°, the genes 
for diastatic activity in linkage group I of the Alpha parent 
contribute 55 L®. In this case the expected diastatic activity 
in progeny of the 2 -row gf^oup would be 211 L° and the 
diastatic activity of the 6-row group would be 166 which 
fits exactly the values obtained. Irrespective of the validity 
of this explanation the data show that genes for determining 
diastatk activity are very definitely found in linkage group I 
in the Alpha X 0‘A.C 21 cross. 

As indicated by the ’1'' test, no association of diastatic 
activity was found between black vs. white hulls, covered 
vs, naked kernels, or blue vs. white aleurone. Since the 
number of progenies involved in the covered vs. naked 
kernel comparison were very small, this was not a critical 
test. The absence of association in linkage group IV is very 
interesting because there is a belief among some maltsters 
and brewers that white aleurone barley varieties are better 
for malting quality than blue ones. The data in this study 
would at least indicate that the malting quality characteris- 
tic, diastatic power, is not one of those wfiich is associated 
with either blue or white aleurone. If malting quality is 
associated wfith this characteristic some criterion other than 
diastatic power must be responsible. 


not investigated in this study, or tlic genes contributing to 
diastatic activity w^‘re similar in the parents involved in 
the studies of linkage groups II, III and IV. According to 
the data presented the average contribution of linkage group 
V to diastatic power in the O.A.C. 21 parent was 23 
if the contribution from the Mars variety is considered to 
be zero. This figure represents a sizable part of the diastatic 
activity of O.A.C. 21. 


Heritability of Diastatic Power 

The heritability values for diastatic activity of the barley 
grain are given in table 2. They correspond to what Lush 
(5) describes as being in the broad sense.'’ In other words 
the genetic variance obtained by subtracting the mean par- 
ental variance from the total progeny variance contains not 
only additive genetic effects but also those due to dominance 
and epistasis. However, since the data /used herein were 
collected from F.. progen ie.s the epistatic and dominance 
effects were materially reduced from the usual case when 
this method is applied to the variability among F.. plants. 
The following formula was used in determining the herita- 
bility percentages: 

Heritability % = 

Var ia nce of progeny — Mea n variance of parents 
Variance of progeny 


X 100 




The data in table 1 indicate that there is an association 
between diastatic powder and the rough vs. smooth awn char- 
acteristic in linkage group V. The rough awn class has a 
higher mean diastatic activity than the smooth. This would 
be expected if the O.A.C. 21 linkage group V carries genes 
for high diastatk activity. 

The data given here indicate that there are genes in link- 
age groups I and V which contribute to high diastatic activ- 
i^ of barley. It may be found in other sets of crosses that 
there are also associations between genes in linkage groups 
II, III, and IV and diastatic power. However, in the crosses 
involved here no such association was obvious. If the genes 
determining diastatic activity work on a straight additive 
basis, we must assume that either a large portion of these 
genes are located in linkage groups VI and VII which were 


In the crosses which showed no significant differences in 
diastatic power betwx'cn the two selected classes, all of the 
strains were used as a random sample in the calculation of 
the heritability percentage. However, in those crosses show- 
ing a significant difference in diastatic power bet'ween two 

Table 2. — Heritability percentages of diastatic power in barley. 


Cross 


O.A.C, 21 X Mars._. .. 
Dorsett X O.A.C. 21.. 

Alpha X O.A.C, 21 

' M ean _ V/-/ 


231 

'220 

361 


Total 

variance 


Genetic 

variance 


34.2 

30,6 

32.5 

32.4 


Herit- 
ability % 
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selected classes, it was necessary to calailate the variance 
within each class and then pool them , in order to find the 
heritability percentage. Such was the case with the rough 
and smooth awn types in the O.A.C. 21 X Mars cross. 
Otherwise, there would have been introduced an artificial 
variance created by the differences between the means of 
the two classes. This method of analysis may lead to an 
underestimation of heritability since the complete range of 
variability of the linkage group in which selection is prac- 
ticed does not enter into either class. 

The heritability percentages for diastatic power ranged 
from 30.6 to 34.2 in the three barley crosses with a mean 
of 32.4. These values are not extremely high but, neverthe- 
less, they do indicate that considerable progress could be 
made in selecting for high diastatic powder among barley 
strains in the F., generation. Also worthy of note is the 
uniformity of the heritability percentages from the different 
crosses. Generally heritability values calculated by this method 
are not so consistent. 

DISCUSSION 

Barley data presented herein indicate that it should be 
possible to select .strains early in the improvement program 
witii certain morphological characteristics with assurance that 
the selected lines will be better for diastatic activity than a 
random sample. Such was the case in rough vs. smooth 
awn in the O.A.C. 21 X Mars cross, where the rough awn 
class of segregates had a mean diastatic activity significantly 
higher than that of the smooth awn class. (However, there 
are enough smooth awn commercial varieties to show this 
does not exclude the possibility of developing a smooth awn 
variety with desirable diastatic power.) In a cross between 
rough and smooth awn varieties, knowledge of the diastatic 
activity of the parents would tell the breeder whether to 
select rough or smooth awn segregates to obtain a favorable 
ratio of high diastase types. Of course, association demon- 
strated between diastatic power and the rough vs. smooth 
awn character might work to the breeder\s disadvantage if 
it were desired to combine the smooth awn character from a 
lowv diastase parent with the high diastatic activity from a 
rough awn parent. 

The association between the 2 -row vs. 6-row character 
and diastatic power is of very little importance to barley 
breeders in the North Central States since the maltstc^^^^ in 
this region prefer the faster germinating 6-row types. How- 
ever, sudi an association could be very important to European 
barley breeders where the predominant malting type is 2- 
rowed. Thus, the association between the 2 -row vs. 6-row 
character and diastatic power would be equally useful 
whether a 2-row or 6-row variety w^ere desired, particularly 
if the association were one of relatively close linkage rather 
than pleiotropy. 


Before any set rules can be established for Barley breeders, 
relative to the iissociation between known morphological 
characteristics and the association with diastatic activity, it 
will be necessary to run more linkage studies such as the 
one reported here. It may be found with future studies that 
the determination of diastatic activity is very closely allied 
with only a few of the seven linkage groups known in 
barley. Also, any future study should probably be conducted 
with different genes from those used herein, since it may 
be possible to miss linkages which actually exist. If the seg- 
regating characteristic were determined by a gene located 
near the end of a chromosome and a gene or genes for 
diastatic activity were located at the opposite end the two 
would probably appear to segregate independently, 

SUMMARY 

In a study to determine whether there was any associa- 
tion between diastatic activity in barley grain and known 
morphological characteristics, it was found that diastatic 
activity was associated with the rough vs. .smooth awn char- 
acter determined by a gene located in linkage group V. No 
associations were found between diastatic activity and the 
black vs. white hulled character determined by a gene in 
linkage group II, the naked vs. covered kernel character of 
linkage group III, or the blue vs. white aleurone character 
of linkage group IV. There was an association between 
diastase activity and the 2 -row vs. 6-row characteristic deter- 
mined by a gene in linkage group I, Of unexpected occur- 
rence was the fact that the 2 -row segregates had a signifi- 
cantly higher mean diastatic power than the 6- row types. 
Heritability values ranging from 30 to 34% were obtained 
for diastatic power . 
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Pfeffer’s Studies of the Root Growth Pressures Exerted by Plants^ 



William R* Gill and G. H, Bolt- 


T he pressure exerted^’ and work performed by roots diii*' 
ing growth are important considerations in evaluating 
the eliect of soil physical properties on plant growth. Data 
on experiments to measure such pressures appear in a paper 
by W. Pfeifer, "Dmck und Arbeitsleistung duixh Wach* 
sende Pflanzen*’ published in Abhandlungeri dev Koniglkb 
Sdchsischen Gesellschaft der W^menschafWn, 33:235-474, 
1893. Since this paper is absent from American soils litera- 
ture the following review is presented to add to the data 
and to stimulate further interest in such measurements. 

The basic principle of Pfeffer’s measurements of root pres- 
sure was to encase a portion of the root of a seedling plant 
in a plaster of Paris block in order to provide a base against 
which the growing root could exert pressure to move a sec- 
ond block that was east around the exposed tip or side of 
the root. Movement of the second block would compress a 
calibrated spring providing a measure of root elongation 
or expansion and the pressure exerted by the root. Figure 1 
shows the arrangement of Pfeffer’s apparatus. 

Measurement of Axial Root Growth Pressure 



I. 



To determine the axial pressures of growing roots with this 
arrangement, (figure 1 (a)), a pot P filled with jnoist excelsior M, 
was fastened to a stand S. The lower portion of the root was 
embedded in a plaster of Paris block A which was anchored 
securely by. the plaster of Paris collar, which extended into the 
pot through the bottom hole, as shown by the white oval area 
in the pot. The root tip R extended through block A into a shal- 
low hole in a second plaster of Paris block B. Block B was firmly 
secured to a glass disk D which was in turn connected with the 
stand S through compression spring F. The adjustment of screws 
B permitted the adjustment of the initial tension in the spring F. 
Two indicator needles I were mounted on the .spring to permit 
a direct measurement of the compressed spring wdth the aid of 
a cathetometer. ; 

To prepare a plant for axial pressure measurement, a seedling 
was placed in the pot filled with excelsior with the root extended 
15 to 30 mm. through the bottom hole. The pot was then inverted 
and a paper cylinder with a radiics of about 1 cm, placed around; 
the root. The height of the cylinder w^as cut so that approximately 
5 to 8 mm. of the root still extended above the cylinder. A piaster 
of Paris mixture was poured into the cylinder, flowing down into 
the pot through the bott{>m hole forming a collar within the pot 
to bind block A to the pot. Then a glass plate, with a hole com- 
parable to the size of the root, was covered with wax paper and 
pressed over the root tip, permitting the tip to extend upward 
through the glass and paper. When block A was hard, the glass 
and paper were removed and replaced by a very thin piece of 
paper similarly provided with a hole. The plaster of Paris block 
B was poured on top of this paper, thus separating blocks A and 
B by a very, small gap G, corresponding to the thickness of the 
thin paper. Results of measurement of axial root growth pres- 
sures secured by this, method are given in table 1. 


Pfeffers’ apparatus for measuring < 
roof pressures M 



rfeffers' apparatus for measuring radial 
root pressures. 

Fig. 1. — (a) PfeflFers apparatus for measuring axial root pres- 
sures, (b) Pfeffer’s apparatus for measuring radial root pressures. 

Measurement of Radial Root Growth Pressure 


^Received for publication Sept. 29, 1954. 

"Former Research Assistants, Department of Agronomy, Gornell 
University, Ithaca, New York. 

®The term ’’root pressure” should be avoided in this case since 
this term is presently applied by plant physioIogi.s.ts to a different 
phenomenon. The roots of some plants absorb water from the soil 
and exude it into the stems under pressure independent of any 
transpiration effects by the upper portion of the plant. This pres- 
sure has been termed ’’root pressure” and is used extensively in 
the botanical literature. As a suitable term ’’root growth pressure” 
is suggested which may be accompanied by such adjectives as 
axial and radial 



Radial pressure measurements were performed with a modifi- 
cation (figure 1 (b) ) of the original appviratus. In this case the 
plaster of Paris block A not only surrounded the upper part of 
the root but also laterally enclosed half of the k^wer part of tiie 
root throughout the length of the root. Results, of radial root 
growth pressure measurements secured with this apparatus are 
shown in table 1. 

Pfeffer^s Discussion of Pressure Measurements 


Pfeifer believed that roots are a proj^r subject for pres- 
sure studies with plants since they do not require light and | 

exert pressure on objects in the growth medium. :|; 
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In order to reacli maximum values in the axial direction, 
a root must be securely anchored and completely confined 
in the radial direction. In nature this could not always be 
true; hence a. bending of the root instead of a buildup of 
axial pressure might occur. For this reason, pressures recorded 
in tabic 1 were considered as the maximum values since 
both side support and enchorage in the experiments were 
of sufficient magnitude. 

Pfeffer believed that plaster of Paris blocks had no bad 
effect on root growth. To determine the effect of aeration 
on root growth under his conditions, he sealed a root in a 
plastej: of Paris cylinder from which all oxygen vi^as removed, 
and found that it maintained the same growth rate over a 
24-hoiir period as a root in water containing oxygen. 

The method of calculating the pressure was based on 
effective root area determined by measuring the cross section 
in the hole of tlie block. This is shown as the area of the 
root in table 1. Over an extended period, lateral growth 
would take place between the two blocks. This larger root 
cross section was the area shown under experiments lettered 
B in table 1. Coupled with the spring compression, the 
area provided tlie rneans to calculate the root pressure. Table 
I indicates that roots exerted pressures of 10 atmospheres or 
more when resistance was present on all sides. Pressures were 
exerted in both radial and axial directions, but rates of 
pressure buildup were not the same in the two directions. 
Axial pressure appeared greater than radial pressure, A rela- 
tionship was believed to exist between them since experi- 
ments 5 A and .3B indicated that radial pressure buildup 
would increase materially if the axial growth was impeded. 

As the root met an external resistance, data indicated that 
the pressure would build up approximately asymptotically to 
a constant value. Since the total effective area in the radial 
direction greatly exceeded that of the axial direction area, 
the total force exerted in the radial direction under natural 
conditions would be many times larger. This is evidenced 
by the splitting action of roots in cracks in rocks, etc. 


Pfeffer considered osmotic pressure in a free cell to be entirely 
balanced by wall pressure. If, on the other hand, the cell were 
confined by other tissues, or external pressures, osmotic pressure 
would then be balanced by wall pressure plus external pressures. 
If the cell were to exert maximum pressure on its surroundings, 
the wall pressure would have to be reduced to zero. Data showed 
that actual pressure build-up by roots, could be increased by 
eithei: a release of wall tension through growth of the cell walls 
or by an actual increase in the osmotic concentration within the 
cell. In a very thin cell wall, Pfeffer believed that actual growth 
did not contribute to the pressure, but merely permitted a trans- 
fer of internal pressure to external resistance. He considered that, 
if the turgor pressure were fully balanced by the exterior resist- 
ance and growth continued, there could be a folding of walls 
within the root. This folding would not be inhibited by the 
turgescent condition of the cell. 

To determine if the plaster block influences the osmotic concen- 
tration of a root, Pfeffer grew roots of seedling plants in plaster 
of Paris and in excelsior. Results showed that the osmotic con- 
centration of the cells of beans grown in plaster of Pails increased, 
while those of corn did not. It would then appear that both of 
the mechanisms could be effective in some plants. 

The actual measurement of the turgor pressure of the root 
cells was determined by the plasmolytic method. Roots were placed 
in a series of KNOa solutions immediately after taking them from 
the growth medium. Incipient plasmolysis as estimated by micro- 
scopic length measurements was used as the criterion of turgor 
pressure measurement. Additional evidence that the pressure devel- 
opment was brought about through growth of the cell wall was 
supplied by placing corn roots in a plaster of Paris block with 
one side exposed. If the root was placed in a solution of KNOr. 
at this time, the tip shrank away from the block. If on the other 
hand, the root remained in the plaster of Paris 2 or 3 days before 
it was placed in KNO;?, it would not shrink away. When it was 
removed and placed in water, a swelling took place, always more 
pronounced closer to the tip where the new cells would have 
formed by cell division, but which would only need to elongate. 
This was interpreted to mean that growth had taken place to 
prevent the root from shrinking since it had already shown the 
osmotic concentration did not increase in corn when embedded 
in plaster of Paris. In order to separate swelling from growth 
when the tissues were placed in water, the water was kept near 
freezing to prevent growth. Results of these experiments are 
shown in table 2. 


Table 1. — Axial and radial pressures developed by roots. 




Axial Pressures 



Radial Pressures 


Experiment No, 

Duration 
of Experi- 
ment 

Distance 
from tip 

Cross 
sectional 
area of 
root 

Pressure 

developed 

. 

Duration 
of Experi- 
ment 

Condition 
of the 
root tip 

Effective 
zone of 
root. Lo- 
cation and 
length 

Lateral 

area 

Pressure 

developed 


hours 

mm. 

mm,“ 

atm. 

F 

hours 

'aha vulgaris 


mm. 

mm.“ 

atm. 

_ 

70 

6.2 

3.4 

7.04 

167 

Confined 

0-8 

29 

6.11 

2 ■ ' 

72 

5.0 

8.7 

7.70 

120 

Confined 

0-5 . 5 

10.5 

4.61 


86 

4.0 

3.7 

10.67 

168 

Confined 

0-5 

7.5 

6.11 

4,. 

192 

8.5 

2.6 

9.70 

144 

Confined 

0-6.6 

12.2 

4.80 

5 A , , - 

94 

0.0 

1.13 

19.36 

164 

Confined 

7-15.7 

15.8 

5.50 

5B. 

94 

4,8 

2.01 

10.44 

237 

Zea viais 

Free-7 . 5 

, „ ... 

17.1 

8.90 


"■ ■■: ■ 7L- 

2.6 

1.13 

24.94 

118 

Free-7 . 5 

0-11.2 

11,0 

6.59 


■■ 71 

2.6 

2.52 

11.18 

— 




— 


84 

2.8 

1.54 

12.39 

, — .■ , 





— 


:.:84 „ 

2.3 

2.00 

9.53 

Vlcia. saiiva 






94 

1 2.2 

1 0.31 

1 13.33 

\ — 

1 





94 

1 2.2 

1 0.5 

8.26 1 1 

A esciiluH h i pwicastan um 

1 


1 


117 

j 8.2 

j 4.9 

6.65 





j' 
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Table 2.— Growth of Vida faba roots in gypsum casts. 


Root 




Mm. 

Mm. 

Mm. 

Man. 

Zone observed (tip -zero) 

2-5.66 

5.66-10.69 

10.69-15.14 

17-5.16 

Length before encasing in gypsum^ 

127 

117 

103,5 

116 

Length in 6% KNO 3 after 54 hours in gypsum 

126 

116 

103 . 5 

1 16 

Length in water- - _ _ * _ 

143 

■ 122 ■ 

104,0 

136 

Length when returned to 6 % KNO . „ . „ » - 

126 

116 

103.5 

116.5 


% 

%■ 

,'C 

€7 

\ ' 14 !? 

Shrinkage _ .. .. - - . 

11.9 

4.9 

0.4S 


Different rtxjts. 


,Mm. 

. 16 “9 . 55 

102 

102.5 

106.5 
102 


It was thus shown that tho external pressure resulted from the 
release of tension in the cell walls. Because pressure build-up was 
dependent on the growth of the cell wall, the pressure build-up 
against exterior resistance was a slow process, and maximum 
values could conceivably be reached only after 2 or 3 weeks. In 
general, a high percentage of the maximum value was reached 
in 2 or 3 days. 

Growth Rate Against External Resistance 

When a root wais grown against a resistance, the rate of grow^th 
was found to be zero until the ceil tension had been released 
sufficiently to overcome the resistance. After this point, the growth 
rate in ^ general was found to be constant and, up to a certain 
point, independent of the magnitude of the externab resistance. 
This period of building up, during which the wall tension wms 
released, could be seen as an induction period. The existence of 
such an induction period made later measurements of the work 
performance rather difficult. 

Exterior Work Performed by a Growing Plant 
Since work performed results from the application of 
force over a distance, its value would be zero when either 
the force or the distance was zero, A plant growing in a 
medium sucli as water without resistance would exert zero 
force, while the distance would became zero if the exterior 
resistance was higher than the maximum pressure developed 
by the root. The root would perform work at intermediate 
values of the exterior resistance. A maximum work value 


Table 3. — Influence of external re.sistance on rate of growth 
and work performance. 



Moisture content of a ■ 
homogeneous (flay 


18.3 Percent 

. Slurry 

Soil resistance to 

penetrometer 

I 

100 gms. 

i gm. 

Grow'th of roots in 

24 hours 

12.9 mm. 

1 17.4 inm. 

Work performed 

(force X distance)..-. 

1290 gm.mm. I 

17.4gin.mm. 


about 42,D0{) gm mm equivalence of wiu'k, Tiuu* the work per- 
formed by the root in this case was very smalt and wuuld require 
only a small part of 1 mgm. of starch. 


Pfeffer considered that in nature a plant would deviate 
from its path in coarse-grained soils to go around solid 
resistance; thus the pressures exerted by a root would be 
less than pressures measured with a penetrometer. In fine- 
grained homogeneous mediums, the reiationship between 
root penetration and penetrometer results appeared to be 
quite good. 


was believed to ocair at a point probably between one-half 
and two-thirds of the maximum resistance which could be 
overcome by the root. It was noted that the growth rate, 
at lesser values of exterior resistance was by no means pro- 
portional to the external resistance which probably accounted 
lor a rather sharp maxmium in work performance. 

To measure work performance, root growth was followed 
in a homogeneous plastic medium of clay or gelatin in 
which different external resistances were made possible by 
variation of the moisture content. Resistance of the medium 
was evaluated by a penetrometer with a tip similar in shape 
to the root. Data are shown in table 3. 

The rate of root growth in the slurry having a resistance of 
1 gram was comparable to the rate of growth in water. The 
physical resistance of the clay was con.sidlered the important factor 
in root growth since Pfeff er believed aeriation was equal in both 
epes. Considering that the root would not elongate until its induc- 
tion period was complete, Pfeffer recalculated his data. In the 
axial pressure measurement investigations, bean roots required 
6 to 7 hours to build up pressure against 100 gms. If this induc- 
tion period was subtracted from the growth time, the theoretical 
increase could be added to the roots grown in the clay, enabling 
a comparison of growth on a 24-hour basis. The length of 12.9 
mm, taken from table 3 when multiplied by the factor 24/18 in 
the ca.se of a 6-hour induction period gave a calculated growth 
; ■; of 17.2 mm. which was. essentially the same as that of the root 
in the slurry where no induction period occurred. The total work 
‘ done by the root indicated in table 3 was 17.4 gm mm in the 

slurry and 1,290 gm mm in the 18.3% clay. As a comparison, 
, burning mgm. starch would be equivalent to 1 calorie or 


Stem Growth Pressures Developed by Grass 
Modifications of the apparatus shown in figure I were 
used to determine pres.siires exerted by other parts of" the 
plants. In general, the results shou'ed that axi.il pressures 
of the stems were of the order of magnitude of 7,s atmos- 
pheres and radial pressures were about 5.5 atmospheres. 
The static moment of nodes ranged fri>m 120 am an to 
5G0 gm cm. 

Conclusions from Pfefferis Study of Pressiire.s 
Developed by Growing Roots 
Pfeffer’s elaborate and well conducted experiments show 
the magnitude of pre.ssures exerted by plant rcHJts against 
external ix^sistances encountered in tlie .soil These values 
form the only .set of data available at this rime. 

Since the root has plastic properties, its path will gener- 
ally be along the line of least resistance. Therefore,' high 
values of axial pre.ssures exerted arc only encoimrered if the 
root is .sufficiently confined in its radial directions. 

The observation that wrinkling or folding of the ceil wails 
of the root takes place when the root encounters unsurmonnt- 
able external resistance suggests a possible diagnostic method 
of interpreting impeding properties of the' soi! in teniis 
of the plant itself. 

The calibration of homogeneous plastic media with a pene- 
trometer for the evaluation of root growth against resistance 
appears to be another worthy line of approach. 


The Response of Four Varieties of Alfalfa to Spring Clipping, 
Intervals Between Clippings, and Fall Clipping 
in the Yakima Valley' 


J. A. Jackobs and Donald L. Oldemeyer- 


S EVERAL investigators (1, 2, 4) have shown spring- 
dippiog. iTecjuent cutting, and cutting at certain critical 
periods in the fall to be detrimental to alfalfa in the Mid- 
western states. However, the results of a management study 
reported by jackobs (3) indicated that such management 
practices liave little or no effect on the vigor and produc- 
tivity of irrigated alfalfa in the Yakima Valley in south 
central Washington. The climate in the Yakima Valley is 
characterised by low rainffill and high light intensities; the 
ability of alfalfa in that area to withstand management treat-' 
ments that arc detrimerit*).] in the Midwest may be due to 
differences i!i such dimatic factors and differences in soils. 

Since l.adak was the i>nly variety used in the initial study 
in the Yakiina Valley, the question arose whether or not the 
results would be tlie same with other varieties. Results of 
such a study are reported here. 

MATHEIALS AND METHODS 

A field oo the Roza Unit of the Irrigation Experiment Station, 
Prosser, Wash., was selected for this experiment. The soil is 
Ritzville very iine sandy loam and varies in depth from 4 to 6 
feet. The held was first irrigated in 1946, and the following crops 
were grown; 1946, lima beans; 1947, sweet corn; 1948, navy 
beans on one half of the field and vetch on the other. 

Alfalfa was seeded May 5, 1949. The two replicates located 
where navy beans were growm in 1948 Avere successfully estab- 
lished. but the seeding foliownng vetch failed and was replanted 
on Aug. 24, 1949. ■ 

The held was irrigated about once a month, using 24-hoiir 
applications of water Jn rills 3 feet apwt. A 2 lA-inch stubbie 
was left when a plot was cut. Y ieids w^ere determined from a 
mowA'f swath cut through the niiddle of the plot. All yields are 
given on an air-dry basis. 

Main plots. 30 by 60 consisted of 6 treatments including 
3 cutting intervals both wtith and without .spring clipping. Sub- 
plots consisted t>f 4 varieties of alfalfa: Ladak, Buffalo, lurkistan 
19300, and Ranger. On Oct. 10 one half of each variety sub-plot 
was cut. The treatments within each division were randomized 
and there \verc foiu' rep] icatm^ 

The cutting schedules were so arranged that the spring-clippmg 
was made on May 1. Plots cut at 2 5 -clay intervals w^ere cut first 
on May 26; the 30-day interval plots on June 1; and the 40-clay 
interval plots on June 9. In this way the 5th cutting of the 25-day 
inteiwal treatments, the 4th cutting of the 30-day interval treat- 
ment, and the 3rd cutting of the 40-day interval treatment all 
fell on Aug. 30. The late fall harvests were made on Oct 10. 
The cutting schedules outlined above were foilow^ed in 1950 


EXPERIMENTAL RESULTS 

The yields of the four varieties of alfalfa with the various 
management treatments are given in table 1. An analysis 
of variance indicated that there was only one significant 
interaction in the course of the experiment between spring- 
dipping and intervai-between-cutting in 1951. 

SPRING CLIPPING 

Clipping alfalfa on May 1 in 1950 and 1951 definitely 
decreased seasonal yield even though the \veight of dipping 
was included. However, spring dipping did not appear to 
reduce plant vigor permanently, because in 1952, the plots 
that were spring-dipped in 1950 and 1951 produced within 
0.35 ton per acre of those that had not been spring-clipped — 
a nonsignificant difference. 

INTIUWAL BimYEEN CLfTTlN^ 

Increasing the number of cuttings per season from 3 to 4 
and from 4 to 5 reduced seasonal yields an average of 0.77 
and 0.96 tons per acre respectively. The 1952 yield data, 
however, did not indicate an appreciable reduction in pUnt 
vigor due to frequent cuttings. 

FALL CUTTING 

In 1950 an average yield of 0.40 ton of hay per acre 
between Aug. 30 and Oct. 10 increased the seasonal yield 
by this amount. In 1951, yields of the two treatments were 
neatly equal, indicating that the harvest in October eofiipen- 
sated for the reduction caused by late cutting the previous 
fall. The 1952 data indicate a small but statLstically signifi- 
cant reduction in plant vigor from cutting late in the fall. 
Plots cut late in the fall of 1951 yielded 0,23 ton per acre 
of hay less in 1952 than those not cut after Aug. 30. 

VARIETIES ; : 

When the various aittiiig treatments were repeated in 
1951, there were significant differences among varieties. 
Ladak, the check variety, produced less than the other vari- 
eties. The difference between Ladak and Tiirkistan only 
approached significance. 

SPRING-CLIPPING X INTERVAL BinVVEIlN tTUTTING 
INTERACTION IN 1951 
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Table 1.— Seasonal yields of four \arieties of alfalfa under various cutting treatments at the Irrigation Experiment Station, 

Prosserj Wash., Tons of air-dry hay per acre. 


Variety 


Interval between eiittings, in days 


Ladak- - - 

Buffalo - 

Turkistan - . 

Ranger 

Average 


Ladak 

Buffalo...-- 
Turkistan - 
Ranger:.-- 
Average. 


Ladak- 

Buffalo. 

Turkistan 

Ranger 

Average. 


Spring 

clipped 

spring 

clipped 

25 

30 


40 

Fall cut 1 

^ 1 

6.01 

7.19 

5.63 

6.70 

1950 

7.47 

6.74 

6.56 

7.68 

6.11 

7.13 


8.12 

7.40 

6.34 

7.39 

5.84 

7.04 


7.72 

7.11 

6.17 

7.38 

5.98 

6.74 


7.61 

7,02 

6.27 

7.41 

5.89 

6.90 


7.73 

7.07 

5.49 

6.15 

5.14 

5.61 

1951 

! 

6.72 

5.84- i 

5.83 

6.77 

5.59 

6.14 


7.18 

6.32 i 

5.55 

6.56 

5.25 

5.79 


7.07 

6.05 ! 

5.80 

6.55 

5,49 

6.04 


7.00 

6.24 1 

5.67 

6.51 

5.37 

5.90 


6.99 

6.11 1 

5.98 

6.31 

6.22 

5.96 

1952 

6.26 -1 

6.09 J 

5.91 

6.29 

6.14 

6.14 


6.06 1 

5.95 I 

5.82 

6.23 

5.94 

6.02 


6.14 1 

i 5.84 i 

6.10 

6.38 

6.12 

6.16 


6.45 1 

6,15 1 

5.95 

6,30 

6.10 

6.07 


6.23 1 

6,01 -1 




DISCUSSION 

In general, the results substantiate the previous work 
reported by Jackobs (3 ) in which only one variety was used. 
The main differences wx:re the more pronounced effect of 
spring clipping and a smaller effect from fall cutting. Hay 
yields of the alfalfa were materially reduced by the more 
frequent cuttings during the seasons in which the clipping 
treatments were applied. : 

In the second year of differential management, yields 
of the fall-clipped plots were about the same as from those 
that were not fall-clipped. Appvarently fail cutting causes 
reduced yields during the early part of the following seasoxi. 
However, this was compensated for by the yield obtained 
from the late cutting. The late fall clipping treatment did 
cause a sigixiffcant reduction in yield in 1952 when all plots 
were harvested on a three cutting schedule. The additional 
yield from a fall cxitting was iiot included in the seasonal 
yield, and there was no cmiipensadon for the low’er^^ y 
in the early part of the season. 

The significant interaction of spring-dipping X interval! 
between aittings for yield might be expected. With the 40- 
day interval, there w^as a longer pieriod for the replenish- 
ment of root reserves before plots were cut the second time. 
Consequently, the reduction in subsequent yidds w^as less. 

Reductions in yields because of the treatments could be 
attributed mainly to depleted root reserves and not to a 
permanent reduction in plant vigor. No ssignificant residual 
effects were found in 1952, except for the fall cutting treat- 
ment, No effects upon stand w^crc noted. 

SUMMARY 

Four varieties of alfalfa were grown for hay production 
under various clipping schedules which induded spring clip- 
ping; 25-, 30-, and 40-day intervals between cuttings; and 
fall clipping. The schedules were arranged so that the date 
■of the last cutting of all plots, except the fall cutting, was 
Aug. 30. The treatment schedules were followed in 1950 
and 1951. In 1952, all plots were harvested uniformly with 
tiuee , cuttings to measure any residual effects that resulted 
from previous treatments. 


Table 2.— -Interaction of spring clipping X iriterval between 
cuttings, ^'ield in tiuis per acre. 


Interval between 

Spring 

bliU; spring 


cutting idaysj 

clipped 

clipp(‘d 

j Dilleri'iice . 

25,. .. ... ' 

■ 4.83 

5'.90 i 

i:. 1.07 ' 

30C:. ' 

5.33 

- 6.46 ■ ■ I 

i '.1, 13 

40 

6.85 

' X7.,13 

1 .,28 

i ■ ,' 


Significant reductions in yield resulted from more fre- 
quent clipping. In 1951, the average seasonal yield for the 
25“day. interval of dipping, without a spring-dipping was 
5.90 tons per acre as compared with'7.13 tons per- acre for 
tlie 40-day frequency without spring-dipping, a reduction 
of over I ton per acre % cutting-5 times ratl'ier than 3.- 
By adding - the spring. cii|>ping' treatment to the 25-day 
interval, the yidd-was further: reduced to 4.83 tons per acre. 
With the -40-day 4nte.i:val, the yield was, 6.85 ■tons per 'acre. 
'Spring- di|>ping caused significant, reductions in vk'liL witli 
the .effect being more pmnoiinced' with tlie shorter .iiiierva! 
-between clipping.s. This interaction was.-'.signtficani:' 

Nci significant effect of fall clipping* cin seasonal yield 
was found until 1952, the year following the disconlinuanu: 
of the tresitments. The fall dipping in *1 950 did not influ- 
enee yields in 1951, but the trceitments did give a significant 
reduction in 1952 when all plots were treated alike.* 

Sign&^ among wirieties were obtained only 

in 1951, and no variety x treatment interactions were found. 
The only residual effect due to treatments was that of fall 
clipping. 
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Response of Soybean Strains to 2,4-D and 2,4,5-T' 


H. A. Fribourg and L J. Johnson- 


D uring the past ^ years a series of investigations has 
been conducted at the fowa Agricultural Experiment 
Station to determine tlie differential resix>nse of a wide range 
of genotypes in corn, i)ats, and soybeans to se\x-ral growth 
regulating ctmipoands. Tliese studies ha\’c been made' in the 
laboratory using the root suppression test and in the held 
with standard spray technic|iies. Results of these studies, 
including the qtohistological effects of 2,4-D on apical 
meristem of oats and the inheritance of differential response 
to 2,4-D in corn, have been published (1) (3) (4) (5) 
or are currently in press. Many studies have been reported, 
largely in the abstracts of tlie North Central Weed Control 
Conference, on \ arietal response of crop plants, using varieties 
or hybrids that are commercially grown, to determine toler- 
ance limits for chemicals now used as herbicides. 

The present, investigation with soybeans, liowever, was 
designed as iin exploratory study to determine (from an 
agrojiomic point oi view) the dilTerences that might exist 
among a gnuip of introductions from the Orient. It was 
believed that tills source of material, from which present 
soybean varieties originated either as selections or from 
crosses among these selections, might represent a wider range 
in genetic diversity than coukl he found among more recently 
ikveloped varieties adapted in maturity to the cornbelt. 
Discovery of even a few strains witii a relatively high degree 
of ti»lerance miglit therefore prove to be of value to the 
soybean hrecxler as parents for use in developing agronomi- 
cally desirable $tnims that could tolerate dosage rates effec- 
tive in selective weed control. Such strains might also be 
of value to the physiologist for further studies on the causes 
of injury to plant tissues by growth regulators. 

An, attempt also was made in this study to determine the 
relationship between the response to 2,4-b of strains tested 
in liie .seedling stage under greenhause conditions using the 
single droplet technique (2) and their field response to 
spray application of us measured by reduction in 

seed yield. Previous studies with soybeans-^ had sliown a 
poor relation between the root suppression test and field 
response to 2,4-D as measured by dry weight of leac’cs 
Rapid tests to screen a large number of selections for dif- 
ferential response would be a valuable aid in a breeding 
program. 

MATERIALS AND METHODS 

From among nearly 2,000 introductions, available’^ from the 
Orient, a group of 200 was chosen to represent a cross-section 
from China, Manchuria, Korea, and Japan within the maturity 

UTournai Paper No. J-2629 of the Iowa Agricultural Experi- 
ment Station, Ames, Iowa. Project No. 944. Received for publi- 
cation Oct. 26, 1954. This manuscript is based upon work for a 
Federal Government Agency under contract with Iowa State 
College. 

“Formerly Graduate Assistant and Professor in Charge of Farm 
Crops, respectively. Agronomy Dept,, Iowa State College. 

’'^Williams, James Henry. Crop variety response to exogenous 
growth regulators. I. Suppression of root growth by 2,4-dichIoro- 
phenoxyacetic acid, Iowa State College library. 1950, 

Seed was obtained in 1951 through the courtesy of Dr. M. G. 
Weiss, then Senior Agronomist in charge of soybeans investiga- 
tions, U.S.D.A. 


range adapted at Ames, Iowa. An attempt was. made to increase 
the limited seed during the winter, 1951-52 in cooperation with 
the U. S. Department of Agriculture Held station at Brawley, 
Calif., but failed due to severe freezing temperatures. An increase 
was successfully made in 1952 at Ames, Iowa, and at Columbia, 
Mo., in cooperation with the Regional Soybean Laboratory-. Among 
the original 200 strains, 16 were too low in germination to 
provide adequate seed. 

Screening tests with the micro-droplet technique were made 
in the greenhouse during the winter, 1952—55 using only 2,4-D 
since 2,4,5 -T could not be effectively used on soybeans. Soybean 
seedlings do not show a marked response when treated w'ith 
2,4,5-T using the micro-droplet technique. After a large number 
of preliminary studies to determine optimum concentrations, wet- 
ting agents, solvents, manner of application and methods of evalu- 
ating effects, the following procedure was adopted. 

Five soybean .sced.s per strain were planted in a soil-sand mix- 
ture in each of three 4-inch clay pots previously coated externally 
to reduce moisture evaporation. After the seedlings had emerged 
to full unifoliolate leaf stage and the central leaflet of the Hrst 
trifoliolate leaf was almost fully expanded and before the second 
trifoliolate leaf had begun to unfold, all seedlings not at this 
stage of growth were removed by cutting at the soil surface. If 
available, one seedling at this exact stage of growth was left 
per pot. Of the three pots per strain, one was designated as the 
check and the remaining two each were treated with a micro- 
droplet (0.013 to 0.014 cc.) of an aqueous solution containing 
5% tergitoi and 50 and 100 ppm. concentration re.spective!y acid 
equivalent of 2,4-D. The single droplet was placed near the mid- 
rib of the central leaflet midway between the base and the tip. 
Plants were then permitted to continue growth at greenhouse 
temperatures of 70 to 75® F. for 2 weeks, or until the fourth 
trifoliolate leaf was expanding. The effect of 2,4-D treatment 
was recorded as a percentage reduction in leaf size by visual 
comparison with the check for each of the first (treated), second 
and third trifoliolate leaf. Greatest reduction u.sually occurred 
to the second leaf; rarely did it extend to the fourth leaf. To 
facilitate routine testing, 20 strains were included in a group 
and one replication (3 pots) of each planted every third day. 
A total of 40 strains were tested in 10 replications, before high 
greenlioii.se temperatures in late .spring appeared to adversely 
modify results. In a few strains, when sufficient plants of uniform 
stage were not available, the means are bused on less than 10 
but not le.ss than 7 replications. 

For the field studies, all strains with suificient .seed (184) 
and Hawkeye, a standard, were planted in a randomized split- 
.spiit-plot de.sign of four repliciition.s with maturity groups (group 
0 to group 4) as whole plots, treatments (check, 1/10 and 1/4 
pOLind^ acid equivalent of 2,4,5-T per acre) as sub-plots and strains 
within treatments as sub-sub-plots. Plots were single-row 1 1 feet 
long with 36 inches between rows. Wide alleyways (5 feet) were 
provided between ranges. All strains within maturity groups 
were sprayed at the same date when the majority of the strains, 
were at full bloom. Spray application was made across the rows 
about 12 to 18 inches above foliage height with a special plot 
sprayer, tractor mounted, at 8 gallons per acre under 40 pounds 
pressure. Data recorded include stage of bloom when .sprayed, 
date ripe, and seed yield. It was necessary to hand-pick threshed 
seed from treated plots to remove stem pieces from brittle stalks 
that coukl not be removed by screens. 


RESULTS AND DISCUSSION 

Because the data reported herein are based on a large 
number of introductions, none of which is a named variety, 
the major portion of results will be presented in frec]uency 
distributions without reference to specific P.L numbers. De- 
tailed data on some of the most tolerant and most susceptible 
strains are summarized in table 4. 
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Table L— Frequency distributions of relative response of soybean strains when treated with 1/ 10 pound per acre 
acid equivalent of 2,4, 5-T. (Data adjusted to regression of response on maturity date). 


Maturity group 

Yield in percent of check 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

00 

Total 

Mean 

0;_ 




1 

2 

1 

0 

1 

1 

— 

— 



0 

25.0 



1 

0 

3 

1 

11 

4 

20 

4 

24 

6 

11 

§ 

3 

7 

1 

9 

3 

2 

*> 

1 

4 ■ 

37 

97 

3t) . 3 
27,9 

,3_Y 




1 

2 

8 

10 

6 

2 

3 

2 

3 

— , 

37 

33.0 


. — 


1 

0 

, 2 

j 

0 

1 

0 

0 

1 

1 

— 

0 

34.9 

Totals. 

1 

3 

15 

28 

.39- 

27 

25 ■ 

13 

■,.13' 1 

■ 

8 

. ! 

7 ' 1 

.4 ' 

^ 

183 

30.6 . 


Field Studies 

From an agronomic jxjint of view the difference in 
response of strains to field spray applications of 2 ,4, 5-T may 
be of greatest interest. These results are shown as frequency 
distributions in table 1 . 

Among the 184 strains, one was a creeping, viny type and 
has been omitted from the summary. Data are presented 
for response only at 1/1 0 pound per acre because a very 
high proportion of those treated at 1/4 pound per acre were 
so severely damaged that a normal distribution was not 
obtained. Response of selected strains at the higher concen- 
tration is shown in table 3. From the analysis of variance, 
made separately for each maturity group, the interactions of 
strains >( treatments exceeded the level for each group, 
iridicating tlaat strains did not respond alike to 2,4, 5-T 
applications. 

Although the data show the results of spray application 
ill terms of yield reduction, the actual response also was 
manifest in other ways that are difficult to measure in quan- 
titative terms. The most obvious response (see figure 1) 
was extreme malformation of plants within a few days after 
treatment. It was not possible to measure varietal differences 
in foliage reaction accurately. Pods failed to set from flowers 
in bloom when sprayed. The most obvious reason for differ- 
ential response apparently was the greater ability of some 
strains to recover by production of new floral primordia. 
The main stem and branches that had developed up to the 
time of treatment remained twisted, greatly enlarged, and 
exhibited a large number of root primordia on the stems. 
Stems remained green in color when non-treated plants were 
beginning to mature (see figure 2 ) but were more brittle 
than the latter. Originally, it was hoped that the differences 
in maturity between the check and treated plots might serve 
as an additional measure of tolerance (or abilit)' to recovef ) 
but the abnormally high temperatures with moisture defi- 
ciency in late September ripened all strains in the treated 
plots within a few days and thus reduced potential spread 
in maturity date. 

As indicated above, damage to flower buds was one of 
the major causes of injury. All strains within a maturity 
group were treated on the same day; and because the original 
classification for maturity apparently was not accurate, there 
was a strong likelihood that differences in blooming might 
have affected varietal response. Correlations were therefore 
computed, within groups, between relative yield at 1/10 
' pound treatment and date of maturity (date ripe is highly 
' correlated with date bloom and more accurate to record). 
These data, and regression coefficients are given in table 2. 

; / " ■ All correlations were positive, indicating that the earlier 
strains were more severely damaged than the later maturing 



Table 2. — ^Correlation and regression coefficients lx‘t\\een rela- 
tive yields of .soybean strains when treated with 1 iO 
pound per acre acid equivalent of 2,4,5-T and date of 
maturity of the not treated check. 


Maturity group 

No. of ' 

1 i 

i . : 

R(‘gressio'n 


.strains ' i 

i 

1 Correlation | 

Group 0_ - 

1,.: 

0 i 

37 I 

0.496 

1 ...284 i 

1 .671 
.1.837. 

2 ■ 

97 i 

■ .529 

1..363' 


37 i 

.750*''^ 

1.395 

■ 4.,.. , 

6 . i 

.,669 

1,401 


" ■ .Siiuiiticaiit ih»‘ ICf' 


strains, and two exceeding the Dr level of significance. 
The regressions of reLuivc response tm date maturity were 
consistent for all groups. On the basis of these results, values 
for relative response were corrected to the regression values 
to adjust for differences in maturily among strains within 
groups. 

It was of interest to compare the relative lesponse of the 
most tolerant and most susceptible strains (ireateJ at 1.10 
pound per acre) with their relative response w heri treated 
with 1/4 pound per acre. Nineteen strains from the three 
upper and three lower classes in table 1 were chosen for 
this comparison. These data are shown in tlie ffe<|iiency 
distributions in table 3. Akhougli tlie raiige in relative 
response of the more tolerant strains at 1 i pound varied 
from 20 to 55, several were moderalel) h>Ierani lo this high 
conceniTation level. Nearly all of the muiv susceptible strains 
were very severely damaged. The.se resulrs further emphasize 
the possibility of using the more tolerant strains ds pareiits 
in breeding for greater tolerance to this grtm^th regulator. 
By comparison, Haw'keye, a standard widely-grown \ariety 
had a relative yield of 34.0 and 17.1 when trc.ited with 
1/10 and 1/4 pound per acre. 

Because relative tolerance as reported Irere is determined 
by yields of the check as well as treated plots, it was of inter- 
est to determine possible correlation between the yields of 
the check and relative tolerance. Only the 97 strains in 
maturity group 2 w'ere used in this calculation, because of 
the large number of entries and their general adaptation in 
maturity to the location of this test. Tlie correlation obtained 
was —0.249, which, although relatively small, exceeded the 
5% level of significance. Apparently there was no strong 
association between yielding ability and tolerance to 

Greenhouse Studies 

The frequency distributions for relative leaf size of 40 
strains treated by the microdroplet technique with 2/i-D is 
summarized in table 5. As expected, leaf size was reduced 
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Fici. 1,^ — Typical foikge response to 2,4,,5-T within one week 
after application. Left center, a very susceptible strain. Right, 
a more tolerant strain. 


more when treated at 100 ppm. than at 50 ppm. The range 
in respon.se was very great and differences among strains 
were significant beyond the 1 % i^e\'el of significance from 
the analysis of variance made separately for each concentra- 
tiem. Although extreme care was used to select plants care-- 
fully at the same stage of development at time of treatment, 
the Wror variances were relatively high for this test. Because 
eacli replication consisted of only one plant, it is^ possible 
that part of this variability was due to genetic diirerences 
among plants since lield and seed observations indicated that 
many introductions were not pure lines. More consistent 
evaluation also would rcxjuiix^ betteiy temperature 
following treatment than is usually possible under usual 


Fig. 2. — Mature plants of susceptible strain. Upper, not treated, 
center, treated at 1/10 pound per acre and lower, treated at 1/4 
pound per acre acid equivalent of 2,4, 5-T at full bloom. Note 
nearly complete lack of puds and short twisted stems. 


The low negative correlations in the present study do sug- 
gest, however, that a screening test using 2, 4-D is not an 
effective method for determining response to 2, 4, 5-T as meas- 
ured by reduction in sec^ yield. 


Group 

Yield in percent of check 


5 ■ 

10 

15 

20 

25 

30 

35 40 

45 

50 

55 

Mean 

Tolerant... . , 

Susceptible , ... . ... ' „ 

15 

3 

1 

2 

6 

4 

1 4 

1 

0 

1 ' 

1 

31. S 

5.2 
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SUMMARY 

L A total of 183 strains of soybeans introduced from 
the Orient were tested to determine tlieir response to 2,4>5-l 
as measured by reduction in seed yield at two rates of appli- 
cation, 1/10 and 1/4 pound acid equivalent per acre, in 
comparison with the check. Forty strains were tested for 
response to 2,4-D by the microdroplet teclinique in the green- 
house at the seedling stage of growth. 

2. Highly significant differences were obtained among 
strains in response to 2,4,3-T. At the 1/10 pound rate about 
10% of the strains showed a reduction in yield of only 
40 to 50%; about 10% showed reductions of 85 to 95% 
in yield, and the remainder ranged between these limits. 
Only a few strains were tolerant at the higher concentration 
to the extent of yield reduction of 45 to 60%. 

3. Highly significant differences also were obtained among 
40 strains in response to 2,4-D applied as a microdroplet 
(0.013-0.014 GC.) to the first unifoliolate leaf. Reduction in 
leaf size of the second leaf varied from 25 to 90% w4tli 
50 ppm. and from 40 to 95% with 100 ppm. concentration. 

4. Negative correlations were obtained between yield re- 
duction of strains treated with 1/10 pound per acre of 
2,4,5-T and either 50 or ,100 ppm. of 2,4-D by the micro- 
droplet method. 
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Table 4.— List of more tolerant and susceptible soybean strains, 
including yieldl in bushels per acre and date tff maturity 
of check treatment and yield in percent of check when 
treated with l/TO and 1/4 pounds per acre 
acid equivalent of 2,4,5-T. 


P.I. 

Numbers 

Check t 

reatment 

Relative yield in 
% of cheek ' 

Bu. per 
acre 

Date ripe 

1/10 lb./ 
A. 

1/4 Ib./ 

A. 



Tolerant strains 


68806 

42.2 

Sept. 20 

'50.4 

■ 43.4 

70084„- 

38,6 

16 

56 . 5 

32.4 

70616_ 

40.9 

16 

58.0 . 

39.4 

73587 

38.7 

18 

57. S 

40.1 

84681. 

47.2 

20 

53 , 8 

38.8 

87574„..__- 

31.6 

21 ■ 

60.7 

56.6 

88357 

40.5 

16 

51.4 

26.9 

87620 „ 

43.4 

23 

53.1 

24.4 

70218 _ 

32.2 

26 

■53.2 

27.6 

702294. 

3U0 

30 

53.0 

29.7 ■ 

88459 

37.8 

, 28 

49.0 

30.2 

88292.. 

24.9 

29 

■ 48.8 

36.5 



Siis(;*epti'hle strains 


63271 - .. - 

34.1 

Sept. 16 

12.8 

■ 5..6 

84810 

44.6 

20 

14/2 

, 4.5' 

68472 

45.9 

17 

■ ;i2.3 

. 2.0 

68564 . .. 

■- 44.4 . 

17 

U.2 

■ 2.0 

68587 

47.0 

22 

10 .6 

■ 3.6 

70559 _ ... 

43.6 

. 21. 

■ 11.5-' 

,,4.1 ■ 

79583„ .. . 

36.9 

20 

.12.9. 

3 . 5 

79726 

48.4 

: ■ 17-, 

13.2.: 

3.,1 ^ 

79848 

44.5 

-■ 21 

14.8 

4.5 

84637;. 

39.8 

21 

14.1 

2.3 

Hawkeye„..^„ 

41.2 

21 

34,0 ' 

, 17 A. 


5 , __ — and Johnson, I. J. Inheritance of differential 
response of corn root tissues to 2,4-D. Agron. Jour. 45:298- 
. ; 301. 1953. 


Table .5.~Frequency distributions of relative response of 40 soybean strains when treated with 50 and KM) ppm add equmdeist 
of 2,4-D applied with the microdroplet technique to the first trifoiiolate leaf. 
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The Effect of Freezing and Thawing on Structure 

of the Soil Surface^ 


C W. Domby and 

T he soil surface deserves special attention in studies of 
soil structorce It is physically the most active zone in the 
soil profiiep where the temperature, moisture, and air content 
change more widely and rapidly than at any other depth. 
Although most studies of soil structure are conducted during 
warm seasons, probably the greatest and most rapid change's 
in structures ot tlie soil surface, other than those produced 
during tilkige, result from alternate freezing and thawing of 
certain soils while wet. One reason that these changes in 
soil structure are of immediate economic concern is that they 
may kill crops by heaving, a process which frequently is as 
innx>rtant as winter-killing by actual freezing of plant tissue 
or smothering by ice sheets. 

RE¥IEW OF UTERATURE 

Buuyuucos and McCool (2) and Taber (10, 11) discussed 
the mechanisms of ice crystal growth and heaving of soils, and 
emphasized that i'Siicssive Jaaving is dependent on v/ater moving 
upward t hit High the soil to the zone of f resizing, and coanot be 
.iCft Hinted for by the change in volume of water upon freezing. 

As water in the surface layer of soil freezes, the soil moisture 
tension greatly increases. Therefore, a tension gradient is created, 
and additional w?atCT moves up from the wet soil, where water 
is held at low tensions, into the freezing layer where it is held 
at high tensions. This process may continue until the pores in 
the surface layer of soil are not only filled by ice, but are enlarged 
by the ice accumulation, expanding and heaving the soil. Much 
of the more recent work related to heaving of soils, primarily 
from an enginceJiing viewpoint has been brought together in a 
symposium on frost action in soils (4). 

Four major factors influencing the amount of heaving of soils 
discussed in the liteniture (2, 4, 3, 10) are: 

1.— the availability Of water in the soil and subsoil; 2.— the 
rate at which water can be conducted through the soil to the 
zone of freezing, primarily as a liquid; 3 -—the rate of coaling 
of the soil; and 4,— the amount and effectiveness of insulators 
at; the .soil surface, including snow, grass, litter, mulches, etc. 
Maximum heaving would occur when^ there is abundant water 
in the soil and subsoil, in soils of relatively fine texture and high 
capillary? conductivity, such as silt loam and very fine sand, when 
the soil freezes slowly, and when it is bare. 

Although it is generally recognized that freezing and thawing 
affect the structure of many soils, no simple generalization can 
be made con<‘Cfning this effect, which seems to depend on at least 
the following: 

i , The mo}swre comeni of the freezing and thatvhig soil (6, 8 ) . 
—If the soil is not too wet, its aggregation may be improved; if a 
very wet soil is frozen and thawed, even previously existing 
aggregates may be destroyed. 

2, The rate of freezing and am aunt of tvater left unfrozen 
(6, When a’ soil is frozen slowly, ice is segregated into large 
layers or crystals, with appreciable amounts of unfrozen water 
in the soil between the crystals. If the moisture content of the 
soil was not too great, a desirable crumb-like structure may result 
upon thawing. When a fine-textured soil is frozen rapidly, ice is 


^Journal Paper No. 824. Purdue University Agr. Exp. Sta., 
Lafayette, Ind. Contribution from the Agronomy Dept. Rec. for 
publication Oct. 29, 1934. 

“Late soil .scientist. Soil and Water Conservation Research 
Branch, U.S.D.A. Formerly graduate research fellow, Purdue Uni- 
versity, and soil scientist, Purdue University, respectively. 
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uniformly distributed in small crystals through the soil; such a 
soil is likely to have a disaggregated structure when it thaws. 

Frequency of freezing and thawing (1, 9h — -Frequent freez- 
ing and thawing may be less effective in developing aggregation, 
or may be more destructive to aggregation, than occasional freez- 
ing and thawing. 

4. The soil texture mid organic matter content (U -Clay 
soils with high organic matter content seem most likely to be 
improved structurally by freezing and thawing; silty soils with 
low organic matter content seem most likely to be dispersed. 

Because of the large number of possible combinations of the 
above factors, freezing and thawing could affect soil structure in 
many different ways, it is evident, however, that there is a strong 
similarity between those conditions which favor heaving of the 
soil and the condition.s which lead to a breakdown of soil structure. 

EXPERIMENTAL PROCEDURE 

A series of small plots was estblished at the Agronomy Farm 
of Purdue University, near Lafayette, Ind., for studies of the 
structure of the soil surface. The soil was a Russell silt loam 
derived from glacial till, with good surface drainage and fair 
internal drainage. Treatments established during the summer of 
1950 and continued until the summer of 1952 included bare soil, 
soil with tw'O tons of oat straw per acre as a surface mulch, and 
soil under a straw mulch suspended on wire netting about 3 
inches above the surface. 

Periodic determinations were made of the bulk density and 
w^ater-stability of the surface half inch and second half inch 
of soil. Stability of aggregation of 2 to 5 mm. fragments was 
determined by wet sieving using a method comparable to that of 
Bryant et al, (3), with results expressed as mean weight-diameters 
(12), Bulk densities and moisture contents of soil in the jSeld, 
except when frozen, were determined with 13.6-ml. sampling 
cans about inch deep. 

The daily trends in moisture contents and bulk densities of 
the alternately freezing and thawing bare soil surface and of the 
underlying soil were studied during part of March, 1932. When 
the air temperature dropped to 2{) to 25° F. at night, bare soil 
which had thawed during the previous day usually froze to a 
depth of about 1 inch. Under these conditions, the frozen soil 
surface in the morning had a structure and moisture content com- 
parable to that which Post and Dreibelbis (7) de.scribed as hav- 
ingl'concrete” structure. It was characterized by the presence of 
a iaige amount of ice uniformly distributed through the frozen 
soil, without large lenses, layers, or needles of ice, and with no 
apparent air space remaining in the frozen layer. In the mornings, 
blocks of the concrete-like frozen soil surface were cut out with 
a stiff-bladed knife in much the same way that a watermelon is 
"plugged”. In some cases, these frozen blocks of soil were meas- 
ured and their volumes calculated; in all cases, their moisture 
contents were determined gravimetrical ly. Close agreement w^as 
obtained between the bulk denrities calculated from the measured 
dimensions and those calculated from the moisture contents, assum- 
ing that all pores were ice-tilled. 

in the afternoons, the bulk densities and moisture contents, of 
the surface half inch of thaw'ed soil were determined with the 
small sampling cans. Whenever samples of the soil surface were 
taken, moisture samples were also taken from just below^ the zone 
of daily freezing and thawing. 

RESULTS AND DISCUSSION 
General Effect of Winter on Structure of the Soil Surface 

The greatest duanges in structure of the surface of the 
Russell silt loam occurred during the winter. The effect of 
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various treatments on the dianges in. water-stabiiity ojt this 
soil are vSummanzed in table 1 . The mean weight-diameter 
of the water-stable aggregates in the surface half inch ot 
the bare plots declined markedly during the first winter. The 
water-stability of the mulched soil declined during the sec- 
ond winter, presumably because partial decomposition of the 
mulch had reduced its efi'ectiveness. Even during the first 
winter there were decreases in water-stability of the soil at 
a depth of 1/2 to 1 inch under the mulch, but the bare soil 
had the greatest deaease in water-stability at this depth. 

Increases in density^ of the surface of mulched as well as 
of bare soils occurred during the winter. The mean bulk 
densities (weight of solids per volume) of muldied as well 
as of bare soils increased from approximately 1.15 g. per 
cc. in September, 1950, to 1.35 gm, per cc. the following 
spring, with a loss of about half the volume of pores drained 
at a tension of 50 an. of water ("large pores”). Soils which 
were loosened by tillage during the summer of 1951 became 
dense again during the following winter. 


Diurnal Changes in Structure of the Soil Surface 
Caused by Alternate Freezing and Thawing 

Large diurnal changes in structure as well as moisture 
content of the surface of this bare silt loam ocairred as a 
result of alternate freezing and thawing during the early 
spring. During the process of freezing at night, sufikient 
ice accumulated in the surface layer to greatly reduce its 
bulk density and to cause heaving of the surface. The soil 
just below the zone of freezing and thawing, however, was 
drier in the mornings when ice had accumulated in the sur- 
face than in the afternoons when the surface had thawed 
and slumped. 

Figure 1 shows the trends in air temperature and the 
resulting changes in moisture content and bulk density of 
the surface layer of soil on three bare plots dui'ing a portion 
of March, 1952. The diurnal variations in moisture con- 
tent of the soil below the depth of daily freezing and thaw- 
ing are also shown. It must be emphasized that the great 
diurnal variations in bulk density of the soil in the freezing 
zone (figure 1) are due largely to the changes in watcV 
content, not to the expansion of water in freezing. Tlie lat- 
ter could— in a soil saturated with water— account for not 
more than 5% bulk density changes. 


Table L— Effect of surface cover on water-stability of Russell 
silt loam near Lafayette, Inti., September, 1950, 
to February, 1952 . 


Sampling Date 

Treatment Depth 

inches Sept., April, Sept., Feb,, 
1950 1951 1951 1952 

Mean weight-diameter, 



'^O-Vr 

1, 

.21 

0 

.37 , 

0, 

.48 

0 

.22 



1, 

.46 

1 .0': 

.30 

0. 

.48 

0 

.20 

Straw on surface 

0-H 

1, 

.36 

i 1 

.39; 

: i:, 

;33 

0, 

.24 


VH-C; 

dl. 

.27 

0, 

,68; 1 

0. 

.79: 

0 

.23 

Straw 3 in. above 










surface 


I-T 

.26 

1 

.03 

1 . 

fl9 

’■ff: 

.26 




.26:'. 

0 

.46 


,07 


.25 


^ * Means of four replications. 


Actually, decTea.ses in bulk density oi the soil up to 30% 
resulted from the accumulation of w’ater— in icc The 

amount of ice accumulation and degree of expansiim and 
slumping of the soil surface consistently ditTercvl on these 
three plots, even without apparent diilerences in the soils, 
topography, or previous treadiient, and although tlie plots 
were^ within 50 feet of each other. Trends in soil inoistiire 
content and structure similar to those in figure 1 could be 
expected whenever this soil encountered a period of daily 
freezing and thawing while very wet. In Indiana, these 
conditions are more likely to occur during the spring than 
during the relatively di}^ fall. 

Mulching with straw decreased diurnal changes in struc- 
ture of the soil surface, probably because freezing under 
mulch was not so frequent as on bare soil, and also because 
less water froze under the molch. Ice formed below the 
mulch was not as uniformly distributed througli tlie soil as 
in the bare soil, and was sometimes present only as vertical 
needle aystals between the soil surfaa^ and the mulch, wdih 
no ice in the soil itself. 

Appreciable daily variations in structure of die soil sur- 
face probably occur only during periods of alternalv freez- 
ing and thawing, but it is e^^ident tliai repeated freezing 
and expansion of the soil surface followed by its Ihawing 
and skimping results in marked winter changes in M.>d struc- 
ture as well as in winter-killing of crops on some soils. 


DAY OF umcH.msz 



AIR TEMFERATURE 



«o 


2 PLOT Z 

«80h 



„ PLOT 15-*^ 
K40h W 


BULK DENSITY SOIL IN FREEZING ZONE 


*PLOT IS-^v 




7 18 1 1 14 1 15 I 16 1 IT I { 

day of march, 1953 

Fig. 1.— --Trends in air temperature, soil moisture content, and in 
bulk density of the surface of three bare plots of Russell silt 
loam, during a portion of March 1,952. 





iiiir 






DCJMBY AND KOHNKE: EFFECT OF FREEZING AND THAWING ON STRUCTURE OF SOIL SURFACE 


SUMAIARY 

Investigations of the structure of the surface inch of bare 
and mulched Russell silt loam were conducted near Lafayette, 
Ind*, ov(jr a jieriod ol nearly 2 years. The greatest changes 
in structure of iliis soil occurred during the winter or early 
spring. The most rapid winter decrease in water-stability 
occurred where the soil was bare, but by the end of two 
winters most of the water-stable aggrcptes in the mulched 
soil also were broken down. Soil which was loose in the 
fall became tpiT^pact during the winter, even wdiere a sur- 
face mulch of 2 tons of straw per acre w^as present. 

When this hare^ wet soil froze at night during the early 
spring, moisture from the undertying soil accumulated as 
ice in tlie freezing surface layer. Tins ice accumulation caused 
expansion of the soil in die frozen layer and upward heaving 
ot the surface. Wditn the soil thawed during the day, some 
of the excess moisture drained back into the soif below, 
and the soil surface slumped down again. The soil belowv 
the zone of daily freezing and thawing evas driest wiien 
tile surface “was frozen, and was wettest after the surface 
had thawed. 

Metliods w^ere described for determining the bulk densities 
of the frozen soil. The diurnal changes in moisture content 
and bulk density of the alternately freezing and thawing 
surface, and in tlie jnoistiire content of the unfrozen soil 
helr>w, during a portion of March, 1,932, were showai 
graphically. 

The similarity of the soil and weather conditions which 
favi,^r heaving of the soil surface to the conditions wliich 
lead to winter breakdown of soil structure indicate a need 
for further investigation of the relation between soil heaving 


and other changes in soil structure during the winter. Tlie 
need for quantitative studies of the relationship between the 
heaving of the soil surface and the winter-killing of crops 


i s also suggested . 
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Variability 10 Letoria and Fulwin Oats' 


A, T. Wallace, G. K. Middleton, R* E. Comstock, and ,H. E Robinson- 


S tudies by Coffman and Stanton (3) ; Coffman, Parker, 
and Quisenberry (2) ; and Morey (9) have shown that 
oat varieties differ in degree of intra- variety variability. It 
has been generally recognized that varieties of the species 
Avena byzantina show greater intra- varietal variability for 
plant and seed characters thin saiha varieties. As a partial 
explanation of this, Garber and Quisenberry (6) report more 
natural crossing between byzantina varieties than between 
satha varieties. 

In heterosis studies, Coffman and Stevens (4) have shown 
that some varieties of oats inffuence the yield of progeny 
more than others. The variety Bond seemed to depress the 
yield in hybrids, whereas Markton and Victoria increased 
it In some crosses, heterosis existed in kerncT weight, height, 
panicle length, and total plant weight, whereas the culm 
number was usually decreased, as Coffman and Davis (1) 
have shown. 

Hybrid progeny were frequently earlier in heading than 
the parents, according to Coffman and Wiebe (3). Owing 
to the earliness of the Fj plants, these authors state, culms 
per plant and total plant weight seemed of little value as 
measures of hybrid vigor. 

Genetic studies of quantitative diaracters present serious 
difficulties since the number of genes involved is usually 
large and the effect of single genes is usually small. One 
method of study, used in an attempt to overcome the diffi- 
culties, compares the variance of segregating and non-segre- 
gating material Mather (8), working with oat data collected 
by Quisenberry, used the variance of the parents as an esti- 
mate of the environmental variance which he subtracted from 
the F^ variance to get an estimate of the total genetic vari- 
ance. ^lis technique always raises the question of the genetic 
uniformity of the parents, since previous studies (2, 3, 9) 
have shown that certain oat varieties are not uniform. Poole 
and Grimball ( 1 0) , working with watermelons, and Powers 
(11), working wdth barley, have used the variances of non- 
segregating material as an estimate of the environmental 
portion of the variances in segregating material Powers (IT) 
added, however, that erroneous conclusions may be drawn in 
estimating residual genic variability by using parental data 
as an absolute measure of environmental variances, since the 
amount of variation due to the environment is not the same 
for all genotypes. 

This study was one of a series designed to determine if 
the Letoria and Fulwin oat varieties differ in genotype for 
the six characters, viz.: height, culm number, seed number 
per plant, weight of seed per plant, weight per seed, and 
seed number per panicle. 


Lee is cliissilied as Si/Ura and yictoriu is dassiiied as 

Ai/e/M Fulwin is a selection from Fulghiim, released 

in 1941 from the Tennessee Experiment Station, and classified as 
Arem hy^aMma. 

Fifteen a'osses involving different pairs of parent plants in 
the two oat vairieties, Letoria and Fulwin, were made in 1947. 
The Fi seeds and the selfed seeds of^ the 30 parent^ plants were 
maintained separately, in the fall of iyi8, seed from the 15 
crosses and the seed from their respective parents were space- 
planted 4 inches apart in rows 12 inches apart and 16 feet long 
in a split plot design with 4 replications. The %vhole plots con- 
sisted of 2 Fi‘ rows from each cross bordered by rows of the 
specific parents of the cross, on each side. The height in centi- 
meters, culm number per plant, secii number per plant, weight 
of .seed per plant, weiglit per seed in grams, and seed iiiimber 
per panicle were determined for each of 20 randomly selected 
plants in each row, 

EXPERIMENTAL RESUI/FS 

OvAcvea.— -Mean squares in table 1 ' .siiow; that the varia- 
tion among Letoria parents was not significant in any of 
the six characters. On tlie other iiand, there were signifi- 
cant differences among the 15 Fulwin parents (or caUi char- 
acter except number of seed j-^er panicle, and also signiticarit 
differences between the crosses in the 1% population for 
each of the diaracteLs except yield. 

. Heier(ish,—l( it is assumed tliaf heterosis exist^s svhen'the 
mean ■ of the progeny is signiiicantly greater than the average 
of the parents, then heterosis in the prc>geny ot these two 
varieties did exist for eadi character, as is inciicated in table 
2, which gives a test of significance between the average 
mean of the parents and the means of the IL's. The t-values 
shown in column 6 of table 2 are highly significant for each 
character. 

Genetic Varkh/lHy,—li the average of the within- row 
variancecs of the two parents k used ' as an estimate of the 
environmental contribution to the variance within the Fj 
rows, then after subtmetion of the within-parent variances 
from the within IL variance, an estimate of the total genetic 
contribution to the variance in the F., jwpulation is obrained 

Columns 2 and 3 in table 3 show the intra-plot variance 
of the parents and of the F./s, rc.spectively, for all 6 diar- 
acters. Column 4 gives the estimated genetic variance and 
Coliunn 5 the estimated genetic variance of the as a 
percent of the total F^, \’ariancc. 

DISCUSSION 

The variability found in the Fulwin variety may stem 
from several possible origins. The variety may not have been 
homozygous at the time when it was released, or a mechan- 
ical mixture could Iiave occurred with other \'arieties after 


MATERIALS AND METHODS 

Letoria, released in 1941 from the North Carolina Experiment 
Station, is a selection from the cross, between Lee and Victoria. 

^Contribution from the Departments of Agronomy and Experi- 
mental Statis.tics, North Carolina Agr. Exp. Sta., Kaleigh, N. C. 
as Journal Paper 599- Rec. for publication Oct, 29, 195L 

® Assistant Agronomist, Eiorida Agr. Exp. Sta. (formerly a 
/graduate student, North Carolina State College). Professor of 
Agronomy, North.. Carolina Agr, Exp. Sta., and Professors of 
^ rExperimental Statistics, North Carolina Exp. Sta., respectively. 


It was released There is still a possible third explanation. 
According to Huskins (7), there have been many reports 
of fatuoids (false wild oats) in the byzantina species. Appar- 
ently these fatuoids originate from non-homologous chromo- 
some cross-overs. Therefore, if non-homologous chromosome 
cross-overs do occur and fatuoids result from such a cros.s- 
over, then it is reasonable to expect that such cross-overs 
could also bring about other changes. This .supposition has 
been substantiated by Morey (9), who has investigated the 
morphological variability in the Clinton oat. This variability 




WAi.LACE ET AL.: VARIABILITY IN LETORIA AND FULWIN OATS 


lable 1. Mt‘Hn s<|uarcs fur 6 quantitative characters among 


Character 


g the 15 Letoria and the 15 Fulwin parents and among the 15 F- populations. 

^ :======^^ ^ 


Yield ])er plant in gnrs. .. 
Height per plant in enis. . 
Culm number per plant . .. 
Number seed per plant , 
Weight per seed in centigrams .. 
Number set^d per panicle , . . 


■ Su^nificant at I '.‘i 


Letoria 

0.8057 

21.8655 

3.4205 

1611.0974 

0.0271 

7.8954 


0.9850 

113.9112** 

1.8247** 

3657.1500** 

0.0439** 

54.0704** 


Fulwin 

1.2325** 

125.0274** 

5.1151** 

4157.1560** 

0.0386* 

29.3184 


I able 2. I he mean of the parents, the average means of the parents, the means of the F/s, and a test of significance 
between the average parent means and F- means for the character studied. 


Character 


Yieitl per plant . . 
Height in cm. . 

Culm number plant, 
Secui number plant , 
Weiglit 'si^eti . , . . 
Seed number pani(‘h‘ 


i U.QS r- :M4 
t 0,01 2.97 




Mean of 



Letoria 

Fulwin 

both parents 

F 0 means 

t-values 

2.797 

2.267 

2.532 

3,932 

9.92* 

65.208 

84.408 

74.808 

79.580 

7.02 

10.645 

5.073 

7.859 

8.884 

6.19 

133.423 

139.341 

136.382 

198.529 

8.85 

0,021 

0.016 

0.018 

0,019 

4.95 

12.350 

26.463 

19.409 

22.239 

3.72 


in the Fulwiti \aricly cniphasiiies the fact that single plants 
nr sniali .samples of plants from the variety may not be 
representative of the ^siriety. . . 

The highly signifieant Lvalues in table 2 indiaUe that 
these two variciies had dilferent genes for the characters 
studied, and that the.se genes combined in the F^'s to give 
an increase in vigor for these characters. A question of inter- 
est is w,!iethcT those gene differences are c|uantitative genes 
as such or whetlier some of the extra vigor is due to disease 
resistant genes which were combined in the F^’s. 

First of all, Letoria is resistant to crown rust, but suscep- 
tible to mosaic. Fulwin, on the other hand, is susceptible to 
crowm rust but resistant to inosaic. The amount of rust on 
the susceptible parent and on the F,^ papulation was insig- 
nificant and no attempt was made to correlate rust readings 
with other characters. However, on one complete replica- 
tion, the degree of mosaic infestation was determined. The 
jdants were rated from 0 to d, 4 being the most severe, 
'rhe mean for F.^fs was l,6H and for the Letoria parents 
was 2. '1 5. (.‘orrelations were computed between the mosaic 
ratings and each of the six characters. They are as follows: 



Letoria 

F,7s 

Mosaic X height. . . . . 

.. -0,203 j 

-0.250 

Mosaic X wt. seed . . . 

. . - .019 

- .147 

Mosaic X number seed panicle. , 

. - ,180 

- .231 

Mosaic X number seed /plant, . . .. 

- .014 . 

- .097 

Mosaic X yield . 

_ - .031 ; 

- .110 

Mosaic X culm number plant - . . 

.124 

.109 

- 

0.113 

0.088 



.148 

.115 


Although these correlations are small they tend to indi- 
cate that as the mosaic was increased there was a correspond- 
ing decrease in expression of each character except culm 
number in both die Letoria and the populations. However, 
in spite of the depressing effect on the characters by mosaic, 


the Fo progeny exhibited heterosis for each character. This 
expression of heterosis may be due to the fact that the F^'s 
were affected less by the mosaic than the average of the 
parents and/or that there were genetic differences between 
the two varieties other than disease resistance. The heterosis 
also indicates at least partial dominance in gene action at 
some of the loci wdiere genotype of the two varieties differed. 

In table 3, it would appear that the Fg’s had considerable 
genetic variation, especially for yield and seed number per 
plant, udiicli w’^cre 62.8% and 59.2% respectively of the 
corresponding phenotypic variance. The estimated genetic 
variance for number of seed/panicle was 33.2% and for 
height and culm number about 18%, These estimates were 
obtained by using the average intra-plot variances of the 
parents as an estimate of the environmental c^ariaoce. 
Howx^\'er, upon examining table 4, w^hich gives the intra- 
plot variances of both parents and for the F^’s, one may 
question the validity of direct comparison of variety and 
variances as a basis for estimating the genetic portion of 
the Fo \-ariance. It should be noted (table 4) that although 
yield and seed number per plant have larger intra-plot vari- 
ance in the Fo’s than in either parent, one of the parents 
has a larger intra-plot variance for each of the other four 
characters tlian does the F 2 generation. 

When the means (table 1) and tlie variances (table 4) 
are compared, a strong relationship is disclosed. For example, 
the intra-plot variance of culm number in the Letoria parent 
is about 22%; greater than in the F^ population. The culm 
number mean is also larger (about 13%) for the Letoria 
parent than for the Fj, population. This relationship holds 
for each of the four characters that were represented by larger 
intra-plot variances in one of the parents. On the other hand, 
for yield and seed number per plant, the intra-plot variances 
for the Fg population were larger than for cither parent, and 
the means of the Fo's were also larger than either of the 
parents. 

® Although this assumption may not be entirely valid, it has 
merit. For instance, the correlations between means and variances 
for yield is 0.830, and for. height, 0.997. The other characters 
have similar relationships. 
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Table 3.— Average intra-plot parent variance, intni-plot F- variance, estiniated genetic variance in F” s, and genetit variance 

expressed as a percent of total iL variance* 


Character 


Yield/plant--- - 

Height--- 

Culm number 

Number seed/plant - _ 

Weight per seed- 

Number seed/panicie _ 


Intra-plo- 

t variance 

Parents 

F/s 

3.456 

9.313 

120.126 

146.655 

15,757 

19.358 

9001.799 

22065.170 

0.175 1 

0.114 

87.496 1 

1 

131.050 


Genetic ' 
variance'^ 

5 . 857 
26.529 
S.601 
13063.371 
0.000 
43.554 


GemAic 
vurian<*e as 
U of total t 


Fj, vanaiice minus parent variance 
t F« variance minus parent variance X 10^5 
variance 

By assuming a linear relationship^ between means and 
variances the environmental variances observed in the vari- 
eties were adjusted to the F., means as follows: 

Adjusted Ve— V -f (M, 


Where M r:: the smaller parent mean 

M' n the greater parent mean 

M.y z= the Fl mean 

V =: the variance of the parent with the 

smaller mean 

V' cr the variance of the parent witli the 

greater mean 


For example, in case of height 


= 141.06 


The results from this procedure are presented in table 5. 

The estimates of the genetic variances as a percent of the 
total variance (when parent environmental variance is 
adjusted to means) presented in table 5 are con.siderably 
less than those presented in table 3. No doubt the genetic 
variance estimates presented in table 3 are biased upward 


by the large means of the The adjusted genetic vari- 
ance estimates presented in table > may well be biased down- 
ward and, if so, are conservative estimates. 

Primary interest in these estimates centers i>n ihc estimau. 
of the genetic variance for yield. In light of the hiierosis 
expressed for yield and the amount oi‘ genetic variaiue 
estimated (29% of the total 1:^ variance) , i>ne may candude 
tliat these two varieties differ genetically wkh respect to yield. 

SUMMARY 

. Tlie progeny from 13 crosses between Letona and b'uKvin 
oats were studied. The sample of Ihilwin oats uscil in this 
study was found to be variable for the characters yiekl. 
height, culm number per plant, weight per seed, and seed 
number per plant. On the other hand, the simple Letoria 
was uniform for these chanietcrs. This inhHnnt’oo indi- 
cates that material obtained from a mating between single- 
plants from each of the two varieties may not represen- 
tative of the average for the cross of those varieties. 

The Fo exhibited heterosis in all characters studied; and 
for yield and seeds per plant they exceeded both parcMUs. 

Genotypic: variance of all characters was csiimarcil ( / ) by 
the difference between F,, variance and the niiaii of rhe par- 


Table 4. — Intra-plot variances Letoria, Fuhvin, and the IL’s and their standard deviatiun. 


Character 


Yield 

Height 

Culms - - 

Seed /plant - - 
Weight /seed - 
Seed/panlcle- 


Letoria 

4.060=±= 0.249 

78.250 =i= 4,340 
24.640 =i= 1.400 

7982.530=^484.000 
0.226 0.047 

36.190=*= 3,000 


Fuiwin 

2.860=*= 0.261 
162,000=*= 9,420 

6.880=*= 0.730 

10021.070 =*=755.000 
0.125=*= 0.043 

142,800=*= 12.860 


9.310 
146.650 
19.360 
22065.170 
0.113 
131 .050 


0,649 

6.180 

0.900 

I513.00(t 

0,026 

8,170 


Table 5.— Observed Fo variances, average variance of parents adjusted to F- means, estimates of F;. genetic variances, and the latter 

as a percent of the total Fj; variance. 


Yield - 

Height 

Culms-- 

Seed /plant. .. 
Weight /seed . 
Seed /panicle. 


Character 


Total P, 
variance 

9,32 

146,66 

19,36 

22065.00 

0.113 

131.06 


Adjusted 

variance 

(Ve) 

141.06 

19.02 

30403.00 

0.185 

110.91 


Estimate of 
P 2 genetic 
variance 


Genetic 
variance as 
' / of total 







iiiip: 
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cnt variiOKts aoil (2^ by die same difference but with the 
mean parent \'ariaiK’i; adiusted to the means assuming a 
linear relalion belwcen means and environmental variances, 
1 he iatter tstiniates suggest eonsiderable genot}'pic variance 
in the In yield and seeds jx-r panidc but little if any in the 
other lour iharacteis sukliud. However, the observation of 
signiiicanl heierosis in all characters leaves no doubt that 
the parent varieties differ in genotype for ail traits and 
hence, that genotypic variance for all traits in the F., is 
inescapable. 
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Linkage Relationships of the Martin, Hussar, Turkey, and Rio Genes 

For Bunt Resistance in Wheat' 

C W. Schaller and F. N. Briggs-* 


T he idciiiiiication and calaioging of germ plasm, rccsist- 
anl to pathogenic organ isms are basic to the successful 
development of resistant variedes. This may be done either 
on a varietal or gene basis and by the use of either pure or 
mixed ailturc-s of the pathogene. However, for greatest util- 
ity such an index should be reduced to its simplest compo- 
nent, that of gene-mce interaction. With this information 
available, the development of resistant vafietie.s resolves itself 
to the proper combi nation of the available germ plasm to 
provide for maximum race coverage. Inforniation on the 
linkage relationslnps of the genes involved is necessary to 
deiermiru whether the desired combinations can be obtained. 

Brigg.s aixl a.s.social,e.s (1, 2, b, II, 16)*' have identified 
'^even genes conditioning res i. stance to race T-1 of THlelid 
i'arivs "(IX.. ) I'ul. l\vo of the genes in combination pro- 
vide pfOteHion against at least 25 of the 31 races presently 
isolated (10). Although four of the.se genes are located in 
one linkage group (9, 16),-' sufficient crossing-over occurs 
to permit their combination into one variety if desired. In 
diis paper additional information on the linkage relation- 
ships of these genes is presented. The genetics of resistance 
of two varieties, California 3028 and California 3029, evhich 
contribute information to some of the linkage values under 
consideration is also reported. 

MATERIALS AND METHODS 

Stanford U6) reported linkage between the R gene for bunt 
resistance in Rio and the T gene in lurkey 3055. However, his 
data did not permit a reliable estimate of the recombination value 

’ Contribution from the Department of Agronomy, University 
of California, Davi.s, Calif. Rec, for publication Nov. 2, 1954. 
-As.sistant Professor and Professor of Agronomy, respectively. 
E. P. Baker. Inheritance of resistance to bunt {THletut ernes 
(DC.) Tui.) in hybrids involving Turkey wheat selections 10095 
and 10097. Ph.D. thesis, University of California, Berkeley, Calif., 
1949. 


between them. Subsequently, test crosses were made to provide 
this information. The Fi hybrid of Rio f/vVJ X Turkey M)55 (rT) 
was crossed with the susceptible varieties, White Federation, Peso, 
and Big Club. The Fy progenies of these crosses were tested f or 
their reaction to bunt. 

The resistant varieties, Calif. 3028 and Calif. 3029, were 
crossed wdth the susceptible variety Baart and with the resistant 
varieties Martin, Turkey 3055, Rio, and Selection 1403, which 
are testers for the M, T, R, and H genes, respectively. Although 
a small Fy population of each cross was inoculated, the genetical 
analysis was based on Fa progeny tests. 

All of the material tested for bunt reaction was inoculated by 
du.sting the seed with chlamydospores of race T-1 of T, caries. 
This collection has been used in all previous studies at this 
.station. The progenies of all crosses, except with the tester vari- 
eties Martin, Turkey 3055, Rio, and Selection 1403, W'ere growm 
in duplicate rod rows. Only single progeny rows of the test crosses 
were grown. Eighty seed.s were planted in each row. Resi.stant 
and susceptible parental checks \vefe included at regular intervals. 
The plants were pulled w'hen nearly mature and classified as dis- 
eased or healthy. 

Calif. 3028 and Calif, 3029 are selections of Turkey wheat 
obtained from W. J, Sando, Agronomist, United States Depart- 
ment of Agriculture. They have been highly resistant to race T-1 
over an 11-year period with only one infected plant having been 
found in each variety. 

The genetics of the resistance in Rio and Turkey 3055 wireats 
have been reported previously by Stanford (16) and Briggs (6), 
'respectively. 

RESULTS 

Crosses Between (Turkey 3055 X Rio) and White 
Federation, Poso, and Big Club 

These crosses were designed to measure the frequency of 
parental and recombination gametes produced by the 
hybrid of the cross Turkey 3055 (Tr) X B.io (fR). If cross- 
ing-over occurred, four types of zygotes would be expected 
in crosses with susceptible varieties having the recessive 
allele at each locus, i.e. Trtr^ tRtr, TRtr, and Mr. The fre- 
cjLiency of these types would provide an estimate of the 
recombination value between the T and R genes. 




illlpilllip'' * 
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Briggs (6) and Stanford (16) have shown that the aver- 
age infection in progenies segregating only for the T gene 
or the R gene is 40,0 and 45.0%, respectively. Although no 
information is available on the amount of bunt to be expected 
in progenies segregating for the T and R genes in the 
coupling phase, it should be less than for those in which 
tliG genes occur alone. Progenies from the double recessive 
combination would be fully susceptible. 

Six hundred thirty-four Fg progenies from the cross (Tur- 
key 3055 X Rio) X White Federation and 76 F^ pt^og- 
enies with Peso as the susceptible parent were tested for smut 
reaction in 1948. Unfortunately, the level of infection w^as 
extremely low, with an average of 42,1 and 41.5% bunt 
in the White Federation and Peso checks. The distribution 
curve of the F2 progenies showed no clear cut minima which 
could be interpreted as distinguishing genotypic classes. Con- 
sequently, no attempt w^as made to estimate linkage from 
these data. 

All of the lines in which the infection was 65% or more 
of the two adjacent check plots in 1948 were retested in 
1949, The distribution of parental plots and progenies 
by 5% infection classes is given in table 1. The range of 
infection in White Federation was from 65.1 to 87.3%‘ 
with an average of 78.3%. 

A definite minimiun in the distribution airve occurred 
at the 55 to 65% infection level, which approximated the 
lower range of the parental plots (table 1). If this minimum 
in the curve is accepted as the separation point between the 
heterozygous and susceptible families, 51 families would 
then be classified as susceptible. The average infection of 
these lines was 74.4%, which was in close agreement with 
the value of 78.3%> for the susceptible checks. The 1949 
results were correlated with those obtained in 1948 to deter- 
mine whether any of the susceptible progenies might have 
been missed by not retesting the entire population. None 
of the 25 lines rested whose infection was between 65 to 
70% of the adjacent checks in 1948 was found to be sus- 


iigreement with die minimum obtained by Stanford (16) 
with comparable levels of infection. Although some of the 
susceptible ■ progenies might be expected .to have less .thaa 
80% infection as' suggested by .the distribiitioo 'of 'the par- 
ental rows, it is believed that they would be viUsu h) the 
presence of segregating row.s with more than HOO^r infec- 
tion. The exact pfDpDition of each type within the immmal 
classes could be determined only by additional tests. The 
significant shift in the point of separation of the segregating 
and susceptible piogenies between the tests in 1949 and 
1954 can be accounted for by the higlier level of infection 
resulting from environmental conditions extremely favorable 
for bunt development in 1954. This is evident when com- 
paring the distribution of the parental checks as well as the 
average infection for the 2 years (table 1). 

Twenty-eight progenies, or 6.6(r of the total population, 
had more than 80.0 (c infection and were considered to he 
homozygims susceptible. The average infecdon ot {hese lines 
was 86.8^ f which is in dose agreement with the v.ilue of 
90.2 (f for the susceptible check rows. The reitinibination 
value between the T a.nd R genes calciila.ted from rhest* ilai.'i 
was 13.24 ± 1.65%=, 

The estiniate of linkage from tlic cornhined viata provitied 
by the 3 crosses was 15,.18 .±: 1.57%', The ncm-significant 
value in the tests for Immogeneity ■()^*' r: 1,0639 w4tli '2 d.f., 
P r:' 0.7 — 0.5) indicated tliat the three sets oi data were In 
agreement in supporting this value. 

■ Crosse.s Involving Califi 3028 and Calif. 

, The distributions by 5%;- ikisscs I'or bunt infiction ot the; 
parental checks and the IC progenies of the various crosses 
involving Calif. 3028 and Cilif. 3029 are presented in table 
1. Both varieties were highly resistant with m average infec- 
tion of 0.02% and 0.03%. i'or Calif. 3028 and Calif. 3029. 
respectively. The range of infection in Baart, the susceptible 
varietv', was from 42.5 to 92.5*'’r v'ith an average infection 
of 67‘3%>. 


ceptibie in 1949. This was considered sufficient evidence 
that all of the lines in which the infection was less than 
65% of the adjacent cheeks in 1948 were heterozygous and 
not susceptible. 

The distributional pattern of the lines with less than 60% 
infection in 1949 showed no dear cut minima which could 
be used to separate the three other genotypes expected in 
progenies^of this cross. The 51 susceptible lines represented 
8.16% of the total population of 625 families and is a 
measure of the frequency of the recombination gamete /r 
produced by the hybrid. The recombination value between 
the T and R genes, as calculated from these data, was 16.32 
±: 1.46%. 

Similar interpretation of the data (table 1) from the cross 
with Poso as the susceptible parent gave a recombination 
value of 18.42 ± 4.44%-. 

Four hundred twenty-three progenies of the cross 
(Turkey 3055 X Rio) X Big Club were tested for their 
reaction to bunt in 1954, The distributions of the parental 
plots and progenies by 5% infection classes are given in 
table 1. The range of infection in Big Club, the susceptible 
variety, was from 71.8 to 98.9% with an average of 90,8%. 
A definite minimum in the distribution airve was evident at 
the 75 to 85% infection level. This was accentuated by the 
-prominent declension in the curve from the 62.5% class to 
the 77.5% class. The mid-point of this minimum, 80.0% 
infection, was considered to be the point of separation be- 
‘ tween the segregating and susceptible families. Tliis was in 


xnc dtscriDunon curves or me progenies 01 the crosses 
with Baart appear to be divided Inio iliree parts hy definiie 
minima at the 7.5 and 37.5% classes (labfe 1). The mini- 
mum at the 37.5% class roinrided with tlu‘ krwi;r range of 
the Baart plots; amsequently, all of Ihe progemL> with inort 
tiian 37.5%'- infection were conskkted to he susa/prihle. Hie 
minimum at the 7.5c; Uass appeareii to separate the resist- 
ant and the heterozygous progenies. Since owrlapping of tiu, 
two types would be expeded in the minimal class, half the 
progenies in the 7.5% class were arbitrarily assigned to each 
type. In the Calif. 3028 cross cliere were is \-esislant, H7 
heterozygous, and 62 susceptible F,. progenies. Hu's sug- 
gested a 1:2:1 ratio which wimk! be eXjX'cred with mono- 
factorial segregation. In the cross Calif, 3029 X Baart therc 
were 60 resistant, 158 heteruzygous and 60 ^usccjuible prog- 
enies whidi also suggested a ratio of 1:2:1. (Jii square tests 
for goodness of fit of observed to expeclcil ratios gace P 
\jilues of 0.2 - O.l and 0.1 0.05 for Calif. 3028 and 

Calif. 5029, respectively. The average Meanm of 16.7^; 
and 16.8% in the heterozygous rows indicated dominance 
of expression. Consequently, the resistance of ea^h variety 
can be ascribed to a single dominant gene pair. 

No segregation occurred in crosses with the variety Martin, 
which is the tester variety for the M gene. In the cn^ss with 
Calif. 3028 no susceptible plants were found among 408 IC 
plants or in 161 progeny rows involving 7374 plants" 
Likewise, none was found in a population of 306 F, plants 
and in 148 progeny rows in the cross with CaliC 5029. 
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The absence olTsegregation indicated , that the resistance of 
these two varieties , was conditioned by the AL gene or by one 
closely linked with it. In a population of 148 F., progenies, 
one segregating row would have been expected (P' zi^O.93) 
with a recombination value of 2.0 ^ or greater; Since the 
distributional pattern of the l\, progenies in the crosses with 
the susceptible variety Baart u\is the same as that obtained 
by Briggs and other (1, 3, 4, 13) with crosses involving 
the M geoc% it can be assumed that this gene is present in 
the two varieties.. 

Susceptible E. progenies occurred in ail crosses with Turkey 
3053, Rio, and Sel. 1403 which are tester varieties for the 
T, R, and H genes, respectively. In analyzing these crosses 
for linkage relationships, those progenies widiin the range 
of tlie susceptible Baart checks were considered susceptible. 
How'ever, in some cases, there appeared to be some over- 
lapping of the hetero/ygous and susceptible rows. This might 
be expected since the mean ntfeclion in .the rows segregating 
for the tester genes mac approach 40 to 30% under favor- 
able conditions. ' 

The observed number of resislant and segregating: suscep- 
tible In pmgenits In tlie hybrids with Turkey 3033 agreed 
with the 13:1 ratio expeiicd with independent segregation 
(table 2). In the in hr id C'alif. 302S> X Turkey 3053 the 
distribution agreed ei|uaHy well with the ratio expected for 
linkage between the M and T genes with a recombination 
value of 3 1.22'' ^ as reported by Briggs (9). However, in 
the (dlif. ^029 u’osN I here was an excessive number of siis- 
teptihle prog4‘ni?..s. bVi^in an examination of the distribution 


of tiiese progenies (table 1), it was noted that 15 of the 
21 progenies classified as susceptible, or 7 fell within 
the 42.5 to 52.5% infection classes, whereas only 11.8% 
of the susceptible checks were within this range. Since these 
classes are within the infection range of the progenies hetero- 
zygous for the T gene, misclassification could account for 
the high number of susceptible progenies obtained. 

Stanford (16) reported linkage betw^een the R and M 
genes wdth 28.1 ±: 6.16% recombination. The cross-over 
value obtained in the cross Calif. 3028 X Rio was found 
to be 27.6 ±: 6.16%. Although the segregation obtained 
in the hybrid between Calif. 30.29 X Rio agreed with tiiat 
expected with independent segregation (P 0.20 — 0,10), 
there w^ere only nine susceptible progeny when 1 5 were 
expected. The combined estimate of linkage from the data 
of the tw^o crosses was 33.5 ^ 6.14% which was within one 
standard error of the value obtained by Stanford. 

Linkage between the M and H genes was suggested in 
the emsses with Sel. 1403. Tliere were 3 susceptible prog- 
enies in the cross with Calif. 3028 and 4 in the cross with 
Calif. 3029, when 10 were expected in each cross. The 
deviation from the expected 15 :1 ratio was significant with 
Calif. 3028 (P rr 0.05 •— 0.02) and approached significance 
with Calif. 3029 (P = 0.10 — 0,05), When the data from 
the two crosses were combined, the deviation was highly sig- 
nificant (P = < 0.01). The deficiency in these crosses of 
rows segregating for the H gene siipparts the evidence of 
linkage. Briggs (2) found the mean infection of rows hetero- 
zygous for the H gene was 44.2% with a range from 22,3 


Table I.— Distribution of parents, and Fi progenies of the crosses named into 5 % classes for bunt infection. 
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* Total population 6S4 lines tested in 1948; only those lines with an average infection of more than 65% of the susceptible checks were retested in 1949. 
t Total population ^ 76 lines; see footnote above. 
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to 62.5 In the two crosses under discussion there were 
only 21 F.. progenies in a total population of 309 that had 
more than 20.0% infection and which could be considered 
either heterozygous for the H gene or homozygous suscep- 
tible (table 1). With independent segregation 3/16 of the 
total population or 58 F.. progeny should be of these geno- 
types. This deviation was highly signifiaint (P = <0.01). 
Since considerable overlapping of progenies heterozygous 
either for the M gene or the H gene might be expected within 
the infection range of 15 to 30%, the estimation of linkage 
was based only on the identiikation of the susceptible prog- 
enies. A recombination vaiiie of 30.75 ±: 5.63% was obtained 
from the pooled data. The inclusion of the H gene in the 
MXRT linkage group places five of the seven genes for 
bunt resistance on one chromosome. 

DISCUSSION 

The results of numerous investigations involving the link- 
age relationships of the genes conditioning resistance to race 


T-1 oi THlelk caries in wheat liave been published by Briggs 
and associates (9, 15, 16).'^ Linkage between the M and T 
(9, 15), M and R (15, l6), and T and R (16) genes has 
been established. Heretofore, the H gene was considered to 
be independent of the others. In view of the evidence pre- 
sented in this paper which suggested an association between 
the M and H genes, it appeared desirable to summarize ail 
of the data available in respect to linkage relationships be- 
tween the various genes. 

Briggs (2) and Smeltzer (15) reported independence of 
the M and H genes. However, their data showed a deficiency 
in the number of susceptible progeny observed in relation 
to the number expected with a 15:1 ratio. Likewise, an 
examination of the distribution of F.. families obtained by 
them revealed a deficiency of progenies heterozygous for the 
H gene which would suggest linkage. Four sets of data involv- 
ing crosses between the M and H genes were av^ailable for 
study. These data are summarized in table 2. In each of the 

‘ Baker, Ihid, 


Table 2. — ^The ratios of resistant and heterozygous to susceptible progenies in crosses involving resistance to bunt, 

and goodness of fit to ratios indicated 



Literatuie 

No. of Fs progenies 
observed 

Ratio 

Probability 

Hybrid 

citation 

Resistant 

and 

heterozygous 

Susceptible 

Res. and 
Het.: 

Susceptible i 

15:1 

ratio j 

With recombina- 
tion value as 
indicated 

MM X HH 



' ■ ' ' ■ i 
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78 
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toiif i'g populations the ratio of resistant heterozygous to sus- 
ceptible progenies exceeded the 15:1 ratio expected with inde- 
pendence (table 2). Although the deviation from, the expected 
ratio was significant in only one case; the deviations were all in 
the same direction and the value tor the pooled data was 
highly significant (P =: < O.Ol). When the four populations 
were tested for homogeneitj^ according to the method of 
Snedecor and Brandt, described by Fisher (12) the value 
was nonsignificant (P = 0.5 - 0.3). Thus the four sets 
agree in indicating a deficiency of susceptible progeny for a 
good fit to the 15:1 ratio expected with independence. The 
recombination value estimated from the combined data by 
the method of maximum likelihood was 37.24 ± 4.19%. 
The P values for the individual crosses are given in table 2. 

Four sets of data were available for estimating the cross- 
over value between the M and R genes. Tliese are given in 
table 2. The ratio of resistant and segregating to susceptible 
progenies exceed the 15:1 ratio in all crises. The deviations 
for 3 of the 4 crosses and for the total were highly signifi- 
cant (P zz <0.01 ). The cross-over value calculated "ixom 
the combined data was 29.25 ± 3.09%. The nonsignificant 
y- value for heterogeneity (P r: 0,5 — 0.3) indicated that 
the 4 populations agreed in supporting the recombination 
value obtained. 


14240 summarized the results of six crosses 
involving linkage between the M and T genes. A recombina- 
tion value of 34.22%; was obtained. Three additional sets 
of data are now available for use in calculating the intensity 
of this linkage, The data for the nine crosses are summarized 
in table 2, The ratio of resistant and heterozygous to suscep- 
tible progenies exceeded the 15:1 ratio in all but 1 of the 9 
populations. In the cross Calif. 3028 X Turkey 3055 the 
ratio obtained was less than a 15:1, indicating an excess 
of susceptible progenies. However, as was pointed out previ- 
ously in this paper, this discrepancy could be readily accounted 
for by misclassification. 

When the data from the 9 crosses were considered together, 
there were only 63 susceptible progenies when 100 were ex- 
pected. This deviation was highly significant (P n: < 0,01), 
A recombination value of 39.71 zt 2.45% was calculated 
from the combined data. Eight of the nine populations were 
in good agreement in supporting this value (table 2). The 
ratio obtained in the cross Calif. 3028 X Turkey 3055 dif- 
fered significantly (P < 0,01) from that expected with 
linkage and accounted for more than two-thirds of the hetero- 
geneity value (x“ 14.21, with 8 d.f., P 0.10 — 

0.05) . The apparent failure to .separate acairately the hetero- 
zygous and susceptible progenies in this cross would account 
for the excessive number of susceptible progenies. When this 
population was omitted from the calculations, a recombina- 
tion value of 35.85 xt: 2.72 %r was obtained. Because of 
the discrepancy noted above, this latter value should be a 
better e.stimate of the true relationship between the M and 
T genes. 

Only one set of data was available for each of the crosses 
involving H X R and H X T. Independence of these 
combinations was indicated (table 2), Thus, the following 
order of the four genes is suggested: 


K— 37.2 ± 4.2%.'— ->-|^'~‘29.3 ±: 3.1 %-“>’ll5,2 ± 1.6%| 
H M R T 


Baker^ found the X gene to be linked with M, R, and T. 
Since independence was suggested between H and X, it can 
be assimied that the X gene is located beyond the M gene 
in respect to the H gene. No additional information is avail- 
able on this linkage. 

Five of the seven genes conditioning resistance to race 
T-1 of T 'diet hi caries have been shown to be associated in 
one linkage group. This non-random distribution of the 
resistance genes between tlie linkage groups of a species is 
comparable with tiie results obtained with powdery mildew 
of barley (14) and rust of flax (13). Although only three 
of the five linked genes have been found in a single variety, 
the amount of crossing-over bet^^een them will permit their 
combination into a single variety with little difiicLilty\ 


SUMMARY 


Evidence is presented which establishes linkage between 
the Hussar and Martin genes for bunt resistance, with a 
recombination value of 37.2 ±: 4.2% . Heretofore, the H 
gene was considered to be independent of the MXRT com- 
plex. Thus, five of the seven genes positively identified which 
condition resistance to race T-1 of THlelia caries are in one 
linkage group. 

All of the data available on the linkage relationships of 
these genes was summarized. The arrangement of the genes 
within the linkage group was presented. The recombination 
value of 15.2 ± 1.6% between the R and T genes obtained 
from test crosses involving three susceptible varieties differed 
significantly from the x^alue of 2.4% previously reported 

The resistance ot Calii. 3028 and Calit. 3029 was found 
to be conditioned by the Martin gene. This gene has now 
been identified in nine varieties. 


''Ibid. 
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Comparison of Actual and Predicted Gains 
in Barley Selection Experiments^ 

K. J. Frey and T* Horner” 


S INGE Fisher^* first proposed the idea of partitioning v-arf 
ances^ nmiicrous experiiTients have been conducted by ani- 
mal and plant breeders to determine the relative importance 
of environmental and genetic variances in heterogeneous pop- 
uiations. The ratio of genotypic to total variance was termed 
“heritability” by Lush^. It is possible to find in the literature, 
heritability percentages for various characteristics in most of 
the important crop plants. However, the literature is notably 
void of reports testing the realism of heritability values. 

The study reported herein was conducted to test the acai- 
racy of heritability percentages for four characters in barley 
by comparing predicted gains with those actually obtained 
in .selection experiments. ; The barley plant characteristics 
measured, namely, yield, test weight, heading date, and plant 
hciglit, were each considered to be miiltigenically inherited. 

MATERIALS AND METHODS 

The data reported herein were collected from barley yield tests 
grown at East Lansing, Mich., in 1951 and 1952. Fifty-one ran- 
dom lines from the cross, Stewart X Bay, and 39 lines randomly 
selected from those which were stem rust resistant in the cross, 
Kindred X Bay, Were grown in a yield test in the F^ generation 
in 1951 and the Fr. in 1952. Each Et and Fa barley line was com- 
posed of the bulk population derived from a single plant. 
Each plot was 1 row 8 feet long, and the field design was a 
randomized block with 4 replications. 

Two methods used for calculating heritability w^ere: (1), the 
regression of the performance of F5 barley lines on the correspond- 
ing F4 lines, and (2)^ the ratio of genotypic variance of genotypic 
plus environmental variances obtained from a components of 
variance analysis of the F^ experiment. 


where H equaled the estimated heritability, .md were the 
estimates of between line variance and enviroomental variance, 
respectively, and r i.s the number of leplitations. It can be shown,*' 
under the assumptions of normal diploid behavior at meiosis, no 
multiple alleles, no linkage, no epistasis, and no genotype environ' 
mental interactions, that is equal to the sum of tlie additive 
genetic variance plus I/I6 of the donnnanev*; variance, while the 
covariance of mean performance of Fi! lines of the Ej and F;; gen- 
erations is equal to the .sum of the additive genetic variance plus 
1/32 of the dominance variance. This dominance caustrs 

to have a slight upward bias. ^ 

For each characteristic studied, between 10 and 12^4^ of the F.i 
population representing the most superior lines in each barley 
cross were hypothetically selected as parental stock to propagate 
the E“. The predicted mean performance (predicted gain) of the 
Ej progenies derived from selected Ei Hoes evas obtained by 
multiplying the performance differential between the Er popula- 
tion and parental sample means by the heritability percentage. 
The predicted gain was then compared with tlie aitual mean 
pierformance difeential between the progeny of the selected par- 
ents and the Fr. population mean. If the calculated heritability 
percentages were reliable and re.il istic, the prcvi icted ;md actua 1 
gains in performance would approximate one another. This niethod 
of comparison was Used on each measured characteristic in both 
crosses except for yield in the Kindred X Bay cross. Since the 
magnitude of ykld, test weight, and plant height were not at 
the same level for the 2 years, it was necessary to express the 
expected and actual gain as a percentage of the F^ and popu- 
lation means, respectively. 


The formula used in calculating heritability by this method w-as: 


^Journal Paper No. J-2640 of the Iowa Agr. Exp. Sta., Ames, 
Iowa. Project No. 1177, Rec, for publication Nov. 17, 1954, Joint 
contribution from the departments of Agronomy and Statistics. 

^Associate Professor of Farm Crops- and Assistant Professor of 
Statistics, respectively. 

■v;;: ’ ; ; Fisher, Rc A. The correlation between relatives on the suppo- 

sition of Mendelian inheritance. Trans. Roy. Soc, of Edinburgh. 

^ 2 : 399 - 433 . 1918 . 

; Lush, J. L. Animal breeding plans, pp. 90-102. Ed, 3. Ames, 
Iowa. Collegiate Press, Inc. 1945, 


The heritability percentages for yield, test weight, head- 
ing date, and plant height in the two barley crosses as cal- 
culated by the parent-progeny regression and variance com- 
ponents methods are presented in table 1. Heading date was 
the only characteristic wiiich showed good agreement betw^een 
the two methods of calculating heritability. For yield in the 
Stewart X Bay cross, bushel weight in the Kinclrcd X Bay 
cross, and plant height in both crosses, the estimate of herit- 

® Horner, Theodore W. Non-alldic gene interaction and the 
interpretation of quantitative genetic data. Unpublished Ph.D. 
thesis. North Carolina State College Library, Raleigh, N, C. 
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Table L— Heritabilky percentii^es yield, test weight, date 
of heading, and plant height in two barley crosses 
caUulated by parent-pnygeny regression and 
o>ntpc»nents of sariance methods. 


Characteristic 

Crohi.s 

Method of 

Regres- 

sion 

calculation 

Compo- 
nents of 
variance 

Yield 

Stewart 

X Bay 

89 

59 

Te:^t weight , I 

Stewart 

X Ba.v 

i 96 

78' 


Kinflred 

X Bay 

; 58 

1 60 

1 

Plant height .. . .. . . i 

Stewart 

X, Bav 

42 I 

1 75 

1 

Kindred 

;< Bay 

i 50 ■ 

j 68 

Date of heading . 1 

Stewart 

X Ba\' 

! 98 

94 


Kindred 

Ba\^ 

! . 85 

i ... 

88 


ability by the aa^ivssion JiKihod was lower [ban by the 
omipunenrs of variaiur method, and lor die test weight in 
the Su;A\an; X eniss !he eomerse was true. 

The herilahilily pereentages given in table 1 follow the 
general pat tern ol iliose ribtaincd in other studies, namely, 
date of heading has a high heritahility while test weight, 
yield and heiglit are more easily inlluenced by emdrorimcnt 
and, Ihcrefortv ]ia\e lower heritubilities. 

It is nrite\vorthv that the heritahility percentages caiculated 
by die components ol variance rnetliod were larger in each 
case in the Stewart X cross than their counterparts in 
the Kindred X bay cross. This was probably caused by the 
tact that tile range lor eacii characteristic was greater in the 
tirst cross than in the latter. 

The actual versus predicted gains obtained with selection 
are given in tables 2, 3, 4, and 3 for yield, test weight, plant 
heigiuc and heading date, respectively. The heritahility per- 
centages used in preparing these tables were obtained from 
die components iT variance Ciilumn in table 1. The selected 
]\irentai .samjde in (he Ig of the Stewart X Bay cross yielded 
13.0'^./ higlier than the population mean, while mean yield 
of their progen icN was 12.1 of the Ig. population mean 
sliowing close agrtxment between the predicted and actual 
gains in yield tlirough selection. TTierc was good agreement 
between the expected and actual gains for test weight in 
the Kindred X Bay cross being 2.0 and respectively, 

of the papulation means. In the Stewart X Bay cross the 
discrepancy hetwetai expected and actual gains in bushel 
weight vvas quite large being 3.9 and 6,79c , respectively, 
of the mean. 

For plant, height, actual gains when expressed as percent- 
age of the population mean fit the expected gains very well 
in both cros.ses. In fact, in the Kindred X Bay cross they 
were almost identical, 4.8 and 4.9 ^y for actual and expected 
gains, respectively, while in the Stew^art X Bay cross they were 
8.4 and 7.6%, respectively. The expected gain in heading date 
in the Kindred X Bay cross was almost identical to that 
actually obtained. Howev^er, in the Stewart X Bay cross the 
selected sample progenies averaged only 2.9 days earlier 
than the population mean, while it was expected that they 
would be 3.4 days earlier. When taller or later parental 
samples were selected from the populations the actual 
gain obtained in their progeniecs agreed as closely to the gain 
predicted as the examples shown in tables 4 and 5, so the 
selection of the earliest and shortest strains as parents herein 
does not bias the re.sults. 



Table 2. — Predicted vs. actual gain in yield by selection 
in the Stewart X Bay barley cross. 


Item 


Population mean 

Selected sample mean* . . 

Difference (D) _ . 

Predicted gain (H X D) _ 

Actual gain . 

Gain as % of population mean _ , , 


Generation 


5 hifih yi<.‘Ulin!4 line;; sdectod. 


Item 


Population mean . .. _ 
Selected sample mean 
Difference 1 1)) „ . „ . .. 

Predicted gain < H X D) 

Actual gain 

Gain as % of 
population mean„_ 


F 4 (1951) 

Fs (1952) 

gms. 

1 gms. ^ . 

88.5 

118.9 

108.0 

1 138.8 

19.5 

! 14.4' 

11.5 

I 14.4 

18.0 

! 12.1 

in test weight 

widi selection 

crosses. 


Cross 


Stewart X Bay 


F , 
(gms. 
25cc.l 


:.TI.8 
35. ;Y 
1.7 
I .8 


8.9 


Fr. 

(gms, ' 
*25cc.) 


29.7 

81 .7 
2.0 

2.0 

6,7 


Kindred X Bay 


F4 

(gms. ■’ 
25cc.) 


84.;% 
85 . 51 
1.2 
0.7 


!.0 


80.4 

80,9 

0,5 

0.5 

1.7 


■" 7 higli biLshel weight lines selected, 
t 6 high bushel weight lines selected. 


Table 4. — Predicted vs. actual gain in plant height with 
selectit)!! in two barlev crosses. 


Item 


Population mean 

Selected sample mean... 

Difference (D)„ 

Predicted gain (H X D i 

Actual gain 

Gain as % of 
population mean 


Cross 


Stewart 

X Bay 

Kindred 

X Bay 

p.< 

F, 

. P 4 

P 5 

(ins.) 

(ins.) 

(ins. ) 

(in.s.) 

29.8 

; , 26.8 X 

82.9 

29.1 

26.5* 

1 24.8 

30, 6t 

27.7 

8.8 1 

, 2,0 ■ 1 

2.8 

:1.4" 

2,5 ■ 

. __ — ' i 

1.6 

™_ . 

“ — “■ ■ 

■ " 2 . 0 ' 'i 

: 

1.4 

8.4 

7.6 

4.9 

4.8 


4 shortest lines selected, 
t 5 .shortest lines selected. 


The usefulness of heritahility percentages depends upon 
their reliability which in turn can be proved only in prac- 
tice. Probably plant breeders wdil agree that in practice 
selected phenotypic gain is more nearly maintained in char- 
acteristics with high heritahility percentages than those with 
low. However, the data reported herein for barley are even 
more encouraging because not only do the between-character 
comparisons fall into line with expectation from experience, 
but the within-character gains obtained by selection are very 
close to those predicted. The only extremely divergent case 
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was for test %veight in the Stewart X Bay cross where the 
actual gain was nearly twice that expected, 

DISCUSSION 

The tliree most common methods for calailating hcrita- 
bility percentages are parent-progeny regressions and two 
variance components procedures, one where the environmen- 
tal variance is estimated from error deviations in a replicated 
trial, and the other wdiere the variance within an isogenic 
line is considered to be an estimate of environmental vari- 
ance. The latter variance components method usually used 
to measure heritability in the of a segregating cross leads 
to estimates in the broad sense,® However, the other two 
procedures give estimates of heritability in the narrow sense, 
in other words they tend to be based largely on the additive 
genetic effects which are truly heritable. Therefore, it would 
be expected tiiat heritability percentages calculated from the 
same data by these two methods should be quite similar. 
Any discrepancy between the two methods should be as 
noted earlier in a higher estimation by the components of 
variance method due to the greater effect of dominance. The 
upward bias in the Iq and F... should be only slight. This 
postulated upward bias might account for the fact (tables 
2 to 5) that except for test weight in the Stewart X Bay 
cross and heading date in the Kindred X Bay cross, the 
expected gains were slightly but consistently greater than 
those actually obtained. 

As pointed out earlier, there was close agreement between 
the two methods in only two of the seven comparisons. In 
both crosses there was good agreement for date of heading, 
while in four of the five other cases, namely, yield in the 
Stewart X Bay cross, test weight in the Kindred X Bay 
cross, and plant height in both crosses, the regression method 
gave lower heritability percentages than the variance compo- 
nents method. These differences were too great in magni- 
tude to be accounted for by dominance effects, especially since 
the variance components method was more accurate in these 
four cases as evidenced by the fact that the actual gain 
obtained coincided more closely with those predicted by this 
method than those predicted by the regression method. Only 
for test weight in the Stewart X Bay cross was the converse 
true, and in this case neither method gave a very close approx- 
imation between expected and actual gains. 

The most realistic method of calculating herltabilities would 
seem to be by parent-offspjring regression since it more nearly 
represents what plant breeders practice when selecting within 
segregating populations. It incorporates genotype-envimnnient 
interactions which are inherent with practice but are not 
so prominent in heritability percentages calculated from one 
set of environmental conditions, 

Heritability percentages calculated by the components of 
variance method are usually based on data from one gener- 
ation and year and then are applied to the next generation. 
Under such circumstances, a great deal of discrepancy would 
be expected between the gain obtained in the F,^ and that 
predicted on the basis of the F.^ because of genotype-year 
interaction. However, contrary to this theory the components 
of variance method overall gave heritability percentages which 
most closely fit the results obtained in these selection experi- 
ments. Apparently, the regression metiiod tended to uncler*- 
estimate the true heritability percentages. Of course, an. 

®Lush, J. L. Heritability of quantitative characters in farm 
animals. Proc Eighth Int. Cong. Gen. 194s. Hereditas SuppI, Vol,: 
,356-375, 1949. 


Table 5,— Predicted vs. actual gain in heading date with 
selection in two barley crosses. 


Item 

Cross 

Stewart X Bay 

Kindred 

[. X Bay 

p.. 

(days) 

F. 

(daysl 

F4 

(day.*!; 

F;. 

(days,) 

Population mean 

10. 

8.4 

12.2 

10,2 

Selected sample mean_. 

6. St 

5 , 5 

S.5| 

7.0 

Difference (D) 

3.7 

2.9 

3.7 

3.2 

Predicted gain (H X D) 

3.4 

“ — ^ 

3.1 

— 

Actual gain. - .. - . 


2.9 


3.2 


" Days after June U. 
t 6 earliest lines selected. 
;|: 5 earliest lines selected. 


underestimation of heritability percentage would not be as 
serious as an overestimation since the actual gain obtained 
would be greater than that expected. 

It is generally accepted that segregating populations with 
the widest ranges tend to give the highest heritability per- 
centages. Such was the case herein where the heritability per- 
centages from the Stewart X Bay cross wore greater thiin 
their counterparts in the Kindred X Bay cross. This sug- 
gests the need for adjusting the heritability percentage used 
in calculating expected gain in performance through selec- 
tion to the range of the segregating population being sub- 
jected to selection. A possible method of alleviating the 
effect of range on heritability percentage would be to base 
heritability and selection in terms of standard deviation units. 
This would bring all fretjuency distributions of performance 
more or less to a common base. 

Insofar as the data reported herein are representative, 
they show the following; (a) heritability values iis olculated 
by the components of variance method, in the F.^ and F- 
generations, are realistic and reliable; (b) the close agree- 
ment between tlie expected and actual gains in performance 
in six of the seven comparisons suggest that the gene action 
involved in the and generations is largely additive; 
(c) of the two methods of calculating heritability percent- 
ages, namely paixiit-prcigeny regression and coinp)nents of 
variance, the latter gives closer agreement bciw ccn predicted 
and actual gains in selection experiments; ( d ) the parent- 
progeny regre.ssion metliod tends to underestimate the true 
heritability percentages. 

SUMMARY 

In a comparison between two methods of calailating heri- 
tability percentages using performance data from the F^ and 
Fj- of two barley crosses, the parent-progeny regression 
method tended to underestimate the true heritability percent- 
ages while the components of variance method gave values 
which closely approximated the results obtained in selection 
experiments. Only for date of heading was there close agree- 
ment between the heritabilit)^ percentages calculated by the 
two methods. Other characteristics measured w^erc yield, test 
weight, and plant height. 

When the actual gains obtained through selection and 
those expected from the components of variance analysis 
were expressed as a percent of the population mean, the agree- 
ment was nearly perfect in all cases except test weight in 
the Stewart X Bay cross. In this case, the gain obtained was 
nearly twice as great as expected. 



Expression of the "Kys” Type of Male Sterility in Strains 
of Corn With Normal Cytopiasm^ 


Earl R. Leng and L. F. Bauman- 


C ytoplasmic male sterility has been successfully and 
extensively used during the past several years to reduce 
rhe amount of detasseling necessary in the production of 
C4>mmercial hybrid corn. However, the sterility produced b)' 
the widely-used cytoplasmic factors described by Jones (2), 
Jones and Mangelsdorf (3), and Rogers and Edwardson (3) 
normally persists into the double-cross hybrid grown in the 
farmer’s field. Complete elimination of detasseling by the 
use of these sources of male sterility will not be possible 
until dependable fertility-restoring factors can be incorpo- 
rated into inbred lines used on the pollinator side of the 
pedigree in commercial seed production. 

As pointed out by Bauman (1) and Jugeaheimer (4), 
the ’’Kys” type of male sterility, first described by Schwartz 
(6), apjxared to oif er the great .idvantage that fertility in the 
commercial double-cro.ss hybrid could be restored automatically 
by using normal, standard inbred lines or their single-cross 
iwbrids as pollinators in making up the hybrid. Breeding 
plans were developed (1) to introduce this source of sterility 
into several inbred lines commonly used on the seed parent 
side of commercial hybrids, and the source material was 
widely distributed to station and commercial corn breeders 
I’or incorporation into their own material. 

Successful utilization of the ’’Kys” type of sterility was 
dependent on the assumed presence of both cytoplasmic and 
genetic factors controlling the expression of sterility or fer- 
tility. Sdiwartz (6) had postulated tiiat sterility would result 
only when the proper genetic factors were combined with 
a specific ' sterile" cytoplasm. Results obtained by the authors 
in the 1954-53 Florida winter nursery crop clearly indicate 
either that the postulated "sterile” cytoplasm exists in all 
three of the standard inbred lines tested, or else that no 
qloplasmic factor is involved. In either case, it appears on 
present evidence thvit this source of sterility cdniiot be used 
ro produce a fully sterile plant population. 

It is the purpose of this paper to give a brief outline of 
rhe breeding procedures employed and the results obtained, 
as well as to present the evidence for the absence of a "fer- 
tile" cytoplasm in the inbred lines studied. It is also the 
desire of the authors to emphasize that, on the basis of 
present knowledge, this source of sterility cannot be em- 
ployed successfully in the production of commercial corn 
hybrids, 

GENETIC THEORY AND BREEDING PROGRAM 

Schwartz (6) described the occurrence of the "Kys" type 
of male sterility as resulting from the interaction of a spe- 
cific "sterile” cytoplasm with two pairs of genetic factors. 

^ Contribution from the Department of Agronomy, Illinois Agr. 
Exp. Sta., Urbana, III. Published with the approval of the Direc- 
tor of the Illinois Agr. Exp. Sta. Received for publication March 
15, 1955. 

“Assistant Professor and formerly Fmst Assistant in Plant Genet- 
ics, now Agent, Field Crops Research Branch, A.R.S., U.S.D.A., 
stationed at the Georgia Coastal Plain Exp. Sta., Tifton, Ga. The 
authors are grateful to Mr. C. B. Henderson of the Illinois Seed 
Producers Assoc, for his extensive cooperation in the work on 
Avhich this paper i.s based. 


According to this explanation, sterility^ would occur only in 
plants which carried the "sterile" cytoplasm, were at least 
heterozygous for the dominant male-sterility gene ‘lod 
were homozygous for the recessive "suppressor" gene 
On this basis, all alternative conditions either of the cyto- 
plasm or of the genetic factors would produce complete fer- 
tility (table 1). 

Extensive tests conducted by the junior author (1) indi- 
cated that all of 250 inbred lines tested were homozygous 
for the dominant suppressor allele Breeding tests with 

four standard inbred lines indicated that they carried the 
homozygous dominant factors was consid- 

ered that inbred Kys probably was unique in carrying the 
recessive alleles of both genes. Tests of the cytoplasmic con- 
stitution of the standard lines were not conducted, since 
such tests would have required several plant generations, 
and since there was no apparent reason to question the exist- 
ence of a specific "sterile" cytoplasm, as postulated by 
Schwartz. 

Essentially, the complex breeding procedure finally devel- 
oped (table 2) involved the identification of double recessive 
individuals, carrying the "sterile" cytoplasm, with progres- 
sively higher proportions of the recurrent inbred germ plasm. 
These were then used as female parents in backcrosses to 
the recurrent line, to retain the "sterile" cytoplasm, and the 
resulting progeny were again crossed to the recovered 
ms\y^ns^^ stock. Finally, when "sterile cytoplasm, double 


Table 1— Expression of the '"Kys” type of male sterility in corn, 
as influenced by cytoplasm and genotype, according to 
hypothesis of Schwartz (6). 


Assumed 




cytoplasmic 

Genotv’pe* 

Abbrevitited 

Pheno- 

condition 


symbols t 

typ(‘ 

“Sterile” 


□ M.sM.sva.s 

Sterile 

“Fertile” 


O A/.sd/.s .s,s- 

Fertile 

“Sterile” 


□ m^iim as' 

Fertile 

“Sterile” 

1/.S' , i.V/.s* , , 

□ ^fsM.sSS 

Fertile 

“Sterile” 

)m 2 1 m -s 2 1 A 

□ ifistmSS 

Fertile 

“Fertile” 

any other 

0 . „ , 

Fertile 

* Heterozy^fuis 

condition, would 

. produce same 

phenotype as 


homozygona dominant, 

to == ‘ 'sterile” cytoplasm Ms ^ Ms,,^ S = 

O = ‘'fertile” cytopla.sm ms s — 


Table 2. — Planned breeding procedure for incorporation 
of "’Kys” type of male sterility into inbred lines of corn. 


Generation Eornale parent X Male parent 

1 □ msmn iis fKys M.S.) X O MtsMs SB (WF9) 

2 □ MmiH Sfi X □ mmifi Sit (Ivys M.S.) 

8 □ (25% WFO) X O (WF9) 

(selected segregate) 

4 □ iVLs™.S,s‘ (62.5 

WF9) X □ maw.; .svs* (25^4, WF9) 

(Repeat cycles until approximately 95% increment of inbred 
germ plasm reached) 
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Table 3.— Proposed utilization of the "Kys” type of male sterility in the production of conimercial h 3 bria corn.‘^'* 


Generation 


Female luirent 


Mah‘ parent 


FouiKlation sinde ta’oss_ 


□ mmn.s (fta-tile) 
I'laaivtaiMl WFt) 


X O ss * fertile 

re(‘(,ivt‘n*(l MS 1 1 


Double-cross production . 


□ M/.s?a.s s.s ( male steriho 
recovered WF9 X ree. 3S“1} 


X O AL^M.s SS (fertile ) 
riorinai Hy X LMIT 


Fanner’s erop- 


□ MMsSS I 

□ Mmfi SS [ (all fertile ) 

□ MaM^ Ss i recovered IL S. 13 

n d/.S 7 /as /^.S- } 


' Dependeni on the presence oi sp(?dfic “sterile” and '•fertile*’ cytoplasms, as indicated. 


Table 4 , — Segregation of male sterile and fertile plants in progenies with assumed "sterile*' and "fertile" cytoplasms 

Data from observations at Homestead, Florida, February, 1955. 



1 

1 "Steril 

e evtoplasm" ' 

erosses 

i 

1 "Fertil 

eytopiasm" 


RcKuimmt inbred liim 

(D Ss' X nmns SH) | 

(0 Mis, 

Ss ■ X ill w< 

S' ///A* SS ,1 


Number of 

Sterile 

FertiL* i 

Number of 

I' Sterile 

Fi*rtih‘ 


fairiilies 

]>Iants 

{daiits 

familie.s 

1 plants 

i ) 

plants 

■ ■ C 

8 

! 78' 

199 

i o' 

■ 

1, 141 

■W'F9-. 

2 

23 

47 

i ■ 3 

i 28 ■ 1 

1 70 

Hy2. , .. „ : ..P, ... ... . .. 

5 

m 

108 


1 

1 M4' 

■ ■ . Totals, p ..... , .. „ . ... ■, j 

■ 15 

137 

304 

: '.5 1 

i ■ ' 129' . :i 





recessive’ L stocks with a sufficientiy high proportion of the 
recurrent line’s germ plasm had been produced, they w^ere 
to be used to produce a ''fertile cytoplasm, MsoJ^So^ 
type’^. According to Schwartz’ hypothesis, such types should 
have been genotypically mdilt sterile, but phenotypkdly male 
fertile, because of the presence of the "fertile” cytoplasm. 
Fully male-sterile single cross hybrids were then to be pro- 
duced from male fertile recovered lines by the proce- 
dure outlined in table 3. 


CRITICAL TESTS AND RESULTS 
After several generations of experimental breeding, em- 
ploying the four widely-used standard inbred lines WF9, 
38-11, Hy2, and M14, the first cross of the type 
OMrMtSS X 
(normal inbred 38-11) (tester) 
was made by the junior author in 1953. The backcross to the 
tester . ■ 

O Afj7;;j* Ss X O 

was made in tlie 1953-“54 Florida wdnter nursery, and the 
resulting segregating population was grown by the senior 
author in 1954. Severe drouth prevented pollen shedding in 
most of the plants, and no satisfactory^ observations were 
made. 

Additional crosses of this type, involving the three nor- 
mal inbreds WF9, 38-11, and Hy2 and , various recovered 
□ msms ss stocks, were made in the 1953-54 Florida nurs- 
ery. The backcrosses to the respective Q msms ss stocks were 
made at Urbana in 1954. When the resulting segregating 
progenies were grown in the 1954-55 Florida winter nurs- 


ery, it was found (table 4) that they were segregating for 
male sterility in exactly the manner which would have been 
expected had they been cirrjdng "sterile” cytoplasm. 

Comparison of the ratios of sterile to fertile plants in 
these progenies, cany ing the presiimed "fertile" cytoplasm, 
with those of similar progenies carrying "sterile" cytoplasm 
showed (table 4) that the two sets of ratios were virtually 
identical. It was therefore concluded that inbreds WF9, 
38-11, and Hy2 were carrying a "sterile" cytoplasm also, 
or else that no sjK'ciiic "sterile" cytopliism acttially nec- 
essary for the expression of the "Kys" type of male sterility. 


DISCUSSION 


® Bauman, L. F. Results of further inheritance studies on the 
, . Kys type of cytoplasmic male s-tedlity in corn. Paper presented 
' .. at the 1953 meetings of the American Society of Agronomy, Dallas, 
■ ,;>TeX., November 16-20, 1953- 


^ Refer to table 1 for key to abbreviated notation. 

^BliB liillllBilliliiiiipii 


The feasibility ctf using the "Kys" type of male .sterility in 
commerdai seed production was dependent on deveiop- 
ment and use of a cytoplasmically fertile^ genotypically stey/le 
recovered inbred line, which would actually be male fertile. 
Therefore, it is obvious that this system cannot be used wdth 
inbred lines which do not carry a "fertile" atoplasm. The 
three lines tested in the studies reported here all proved to 
carry a "sterile’' tytoplasm, or its equivalent. Obviously, then, 
this source of male sterility cannot be used successfully with 
these lines. Further, these findings raise considerable doubt 
that any specific "sterile" q4oplasm actually is mcessaty for 
the expression of male sterilit)^ in plants of the "sterile" 
genotype Ms^^ms.^^ 

^ It is not the purpose of this paper to give a detailed analy- 
sis of this and other anomalies in the ob\'iously complex 
inheritance of the "Kys" type of male sterility in corn. 
Although extensive data are available, further test crosses and 
counts of segregating populations will be required to clarify 
the situation. On the basis oi present evidence, however, 
the autho.rs emphasize that there appears to be no justifica- 
tion for further attempts to incorporate this source of stctlllty 
into inbred lines for use in commercial production. 



ipsisii 













CHANGiiNG FERTILIZER GUARANTEES FROM OXIDE TO ELEMENTAL BASIS 


SUMMARY 


'File "Kys" type of male sterility in corn has been de- 
scribed as resulting from the interaction of a speciik "sterile'* 
cytoplasm with two pairs of genetic factors, namely, a domi- 
nant male sterility gene, and a recessive suppressor 

gene pair, This type of male sterility appeared to offer 

dehnite advantages over other types now being used to 
eliminate detasseiing in the production of hybrid seed corn, 
and a breeding program was begun at the Illinois Station 
to incorporate the assumed "sterile" qtoplasm and the nec- 
essary genetic factors into four widely-used standard inbred 
lines. 


These results indicate tliat this type of male sterility can- 
not be employed successfiiliy to produce fully male-sterile 
single crosses, for use in hybrid aseed corn prc>ductioii. It is 
therefore recommended that efforts to incorporate the "Kys" 
type of sterility into inbred lines for such use be discontinued. 
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Pros and Cons of Changing Fertilizer Guarantees from the 
Oxide to the Elemental Basis' 


HE fertilizer industry throughout the world is undergoing 
a tremendoiis expansion and more changes in technology 


than ever liefore in its history. It has long ago ceased to be 
a by-products or waste-products basine.ss and has become a major 
segment of the heavy chemical industry. 

For at least 30 years there has been .some agitation to discon- 
tinue the practice of expressing the phosphorus and potassium 
contents of fertilizers in terms of the oxides. However, it appears 
that little effort has been made to describe the history of this 
practice or to record the pertinent discussions concerning the advis- 
ability of making a change. The problem has received more atten- 
tion in some of the European countries than in the United States. 

The current discussion in this country originated with a reso- 
lution which "was passed by the Middle West agronomists at a 
joint agronomy-industry meeting sponsored by the Middle West 
Soil Improvement Committee, Feb. 16, 1951. The resolution read 
'as follows: . , ■ ^ 

J ’'This resolution is directed to a number of organizations, includ- 
'ing the following: ■ 

Middle West Soil Improvement Committee 
■ National Fertilizer Association 
American Plant Food Council 
Southern Agricultural Workers Association 
Association of Official Agricultural Chemists 
Fertilizer Division of the American Chemical Society 
National Soil & Fertilizer Research Committee 
The Amerkan Horticultural Society 
American Society of Agronomy, and 
Soil Science Society of America 


mended to the above-named group that consideration be given 
to the matter of expressing the contents of nutrient elements in 
fertilizer, including the minor elements, on an elemental basis. 
It is hoped that the appropriate committees, and/or organizations 
as such will discuss this matter at their next annual meetings 
and make such recommendations as they may deem desirable 
through the Secretary of the Association of OfficiaU Agricultural 
Chemists.” 


’’Agronomists of the North Central Region, at the time of their 
annual meeting on Feb. 15, 1951, to consider fertilizer grades, 
ratios, and other matters pertaining to fertilizer usage, recom- 


^ Prepared by a Sub-committee of the Fertilizer Committee of 
the Soil Science Society of America on "Consideration of the Advis- 
ability of Changing Fertilizer Guarantees to the Elemental Basis”. 
The Fertilizer Committee voted unanimously at a meeting in St. 
Paul, Minn., Nov. 9, 1954, to recommend that all fertilizer guar- 
antees be expressed in terms of the element. The Executive Com- 
mittee of the Soil Science Society of America approved the report 
of the Fertilizer Committee. 

®This report may be reprinted or reproduced, in whole or in 
part, without permission. 


Then, the American Association of Fertilizer Control Officials 
in October 1952, passed the following resolution: 

"Moved that the Uniform Fertilizer Bill be modified to change 
the designations 'phosphoric acid’ to ’phosphorus’ and 'potash’ 
to ’potassium’, provided, however, that permissive guarantees for 
FaOr. and K-O may be included until such time as essentially com- 
plete conversion to the elemental basis can be effected. 

"Moved further that a committee of Association of Fertilizer 
Control Officials be appointed to meet with representatives of 
the National Soil and Fertilizer Research Gommit tee, and with 
committees of the Soil Science Society of America, American Plant 
Food Council, and National Fertilizer Association to prepare a 
plan for changing the method of expressing fertilizer guaran- 
tees from phosphoric acid to phosphorus, potash to potassium, 
and available phosphorus to soluble phosphorus.” 

Also, in 1952, a Sub-committee of the Fertilizer Committee 
of the Soil Science Society of America was appointed on "Con- 
sideration of the Advisability of Changing Fertilizer Guarantees to 
Elemental Basis.” 

This committee met with the AAFCO committee and with rep- 
resentatives of the fertilizer industry in Washington, D. G. in 
October 1953, to explore the possibilities of getting an objective 
analysis of the problem. It was agreed that the history of the 
use of these terms should be recorded and the arguments for and 
against a change to the elemental basis should be fully publicized 
as a basis for determining whether concerted action by the inter- 
ested groups would be advisable. 

The following statement sets forth the history of the use of 
these terras and the arguments which have been advanced for 
and against the expression of plant nutrient content of fertilizers 
in terms of the elements. 


EKstorical 


The use of the oxide form for reporting the composition of 
fertilizers, plants, and soils appears to be a carryover from rock 


192 


AGRONOMY JOURNAL 



iumlysis. Jn the jatter case the oxide mode was used to show 
the known valences of the elements in the sample and with suit- 
able corrections would total 100% for a complete analysis. It is 
diihcult to determine with accuracy the exact origin of the prac- 
tice of expressing the mineral content of fertilizers in the form 
of oxides, 

Crowther (2) stated "The persistence of the old terms [FjO.-, 
and KjiO} is partly due to the mistaken idea that there is some- 
thing remotely academic in talking about chemical elements, 
partly to the desire to make analyses look bigger, but mainly to 
the traditional survival in agricultural and industrial chemistry 
of the nomenclature of a century ago," In discussing the origin 
of the term, PaO,^, Smith (9) noted "Nomenclature in the text- 
books of a century ago was inclined to be irregular, some 
authors using the terms phosphorus pentoxide or phosphoric 
anhydride for PaO.- and phosphoric acid for HaPOi, while others 
used phosphoric acid for both PaO-i and H;sPOi and sometimes 
hydrate of phosphoric acid for HFOi. It should be remembered 
that the oxygen theory of acids was still prevalent about 100 
years ago. In the course of time, however, the practice of calling 
PiiO.n phosphoric add seems to have become universal and agri- 
cultural chemists have rather shamefully accepted or condoned 
the custom," 

At the Second National Fertilizer Conference held in West 
Baden, Ind., in 1928 the question of changing from P;:Or, to P 
and from K-O to K as a basis for expressing the phosphorus 
and potassium content of fertilizers was presented. The conference 
proceedings (7) recorded the discussion which indicated that the 
participants believed that there w^as no sound basis for using the 
oxide form other than the fact that state laws required it. 

Sauchelli (8) in 1948 reported on a survey of the fertilizer 
industry on the question "N-P-K or N-PyO.-.-Ki!0?" Mixed reac- 
tions to the proposal were obtained. He concluded that the use of 
PaOn and KiiO to show the phosphorus and potassium contents, 
of fertilizers was "a holdover, from the old oxide theory which 
was discxedited long ago." Likewise, Crow’ther (3) attributed the 
UvSe of the oxide form to the abandoned theory that salts are 
compounds of "acid oxides" and "basic oxides.” More recently 
Jacob (4) quoted a report from Denmark as follows, "It has 
been disappointing that the large countries still use PaOr, and K«0, 
There is no scientific reason to do so. Why not, to be consistent, 
use KaOji instead of N? Ammonium nitrate wdll then turn out 


4. "The custom in the fertilizer trade is to express the phos- 
phorus content cif any type of phosphatjc material as the 
anhydride of phosphoric odd, P-O:.. This term is comnumly 
abbrevkitedi though somewhat confusingly, to 'phaspbork 

. acidk” . ' ' 

5. "Domestic rock used in superphosphate manufaiture runs 
6S to 78 per cent B.P,L. (hone phosphav of imt ) or 31 
to 36 per cent of PiO-,." 

6. "Mono-caldum phosphate is synthesized by applying phos- 
phoric acid to high grade phosphate rock. It ccmtains ap- 
proximately 50 per cent araiiabJe phosphoric acid'" 

7. "Since the term 'potash' covers all natural pahissium com- 
pounds, prices are based on the liypothetical Kc-O content 
of the material involved." 

S. "Fertilizers supply more 50;; and nearly as much CaO as 
ail three of the primary nutrients d' 

9. "Since nitrogen percentage is based on the elemental con- 
tent whereas phosphate and potash are reported as the 
oxides, it can be shown that elemental fertilizer nitrogen 
is actually lower in cost per pound than either t>f its 
compan ions, phosphorus and potassium . " 

Objections to the Change 

1. Historical use of the oxide form would necessitate an inten- 
sive educational effort tv^ acqiutint the farmer, itidustry, control 
officials, and agricultural workers with the new basis. A change 
to the elemental basis would require the use of convi'rsam fac- 
tors to data heretofore publisiiied in terms of the oxides, lliis 
wmuki, no doubt, lead to some confusion and to additional c^dcu- 
latioos until the new system is generally accepted. For instance, 
the following conversion faUors wtmld need widespread publicity: 


From 

To 

Fiietor 

p,o,,' : , 

F 

0.44 

,, 

■ P.^0, 

2.29 

K ^ ^ ' 

. K ' 

0.88 

■K 

K ,0 

1.20 



to be a very concentrated fertilizer, containing more than 100 
percent NiiOs." Others have suggested that Nt-Oii would be the 
proper oxide form for anionic nitrogen but not for cationic 
nitrogen. 

Sauchelli (8) pointed out that nitrogen in fertilizer was for- 
merly expressed as ammonia, NHa, and that the chemist using 
the Kjeldahl method for determining nitrogen wa.s. actually dis- 
tilling NHa and reporting it as .such. Brand (1), former execu- 
tive secretary-treasurer of the National Fertilizer Association, rec- 
ognized the fallacy of using the NH.'t form to express the nitro- 
gen content of fertilizers inasmuch as some carriers do not con- 
tain ammoniacal nitrogen. In spite of all the arguments advanced 
against the practice of expressing nitrogen as ammonia, only since 
1950 have the guarantees of nitrogen in fertilizer been expressed 
in terms of the element (N) in the states and territories. 
South Carolina was the last state to make, the change from NHj! 
to Aug. 1, 1939—andi complete uniformity was achieved when 
the change was made in Puerto Rico, Jan. 1, 1951. 

Gonfusion of Terminology 


The change in ratio and grade numbers will present a "mind 
block”, at lirst thought, to those accustomed to use the N-P-Os- 
KtiO system. For example, a l:I:l ratio will become a 7:3:6 
ratio. However, such grades could he standardized rtudily to fit 
a 2:1:2 ratio on the N:P:K basis. 

2. Fertilizer /rfwx w'ould need revisiaiv on a coordinated national 
basis. Legislative action probably would he required in many 
states to permit the change. In this case it would take a period 
of several yeans to accomplish the transition, It is genera I ly agreed 
that during the transition period, the laws or regulations govern- 
ing the sale of fertiiizers should permit— and perhaps require— 
the phosphorus and potassium contents to be shown in terms 
of the oxides as well as in terms of P and K. Since the objective 
would be to drop eventually the oxide terms, these values should 
be carried as supplementary .statistics in small print during the 
period of transition. 

For the change to be made with a minimum of confusion and 
without penalties to those members of industry who are willing 
to pioneer in the field, nearly unanimous backing of all group.s 
would be needed. 


The literature contains many confusing statements as a result 
of failure to adopt a uniform method of expressing the nutrient 
content of fertilizers, soils, and plants. The lack of consistency 
among writers is well known. Often, a particular writer is incon- 
sistent, even within a sentence or paragraph. The following quo- 
tations, extracted from soils and fertilizer publications illustrate 
the difficulties encountered due to present terminology (italics by 
the. authors of this report are for emphasis). 

1. "A release rate for phosphoric acid ranging from 8 lbs. 

> to 29 lbs. per acre per year was found at U different 

' locations in a recent . . . .study of phosphorus availability.” 

, ; ' 2. "The phosphorus content of the surface foot of soil varies 

. considerably, ... It ranges up to the equivalent of about 
; ‘ ‘ 0.3 per cent PaO.-, . , .” 

/> >3. "In the phosphate rock industry, the PaOa content is usu- 

. ally expressed in terms of its triad cium phosphate, Caij 
V (POi)s, equivalent . . 


Jacob (4) noted that no particular trouble was encountered 
in Norway in making tlie change from P-Q^j and K«0 to P and K. 
It is recognized, however, that a similar change in the United States 
would involve more complications since most of the fertilizers 
are sold and applied in European countries as separate materials 
and not as mixtures. 

3. An impresston of lowering the ''plant food'’ content of fer- 
tilizers would be created in the minds of those without an ele- 
mentary knowledge of chemistry. Since 1 part of PaO.- is equivalent 
to only 0.44 parts of P and 1 part of KuO to 0.83 parts K, thivS 
would give to some people the impression of less "plant food" 
per dollar invested. By the same process, tht 7 would conclude 
that there was more filler in the fertilizer bag. 

On the other hand, the task of educating those who are recep- 
tive would be greatly simplified. It would appear much easier 
to explain why superphosphate contains 8.8% phosphorus which 
has the symbol P than it would explain why the phosphorus 
content of superphosphate is shown as 20% PsOf. which is called 
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"piujsphork acid" but isn't phosphoric acid at all but is in reality 

phosphorus pentoxide. ^ 

- incidental to the change would be passed on to the 

farmer. Although the costs of making the change would be tem- 
porary and ultimately savings inherent in the new system should 
tdfsct theni, the task ot acquainting industrial personnel with the 
new system, mistakes which inevitably will be made in the 
calculation oi formulas, and new plates for printing of bags and 
tags are items of exjx^nse which will be encountered. 

5. Whole numher concepts jar N, P. and A' would no doubt 
be letaiiied, and as a re,si3it the change would require a complete 
revision of formulas for fertilizer mixtures. Until new whole 
number ratios iould be established, decimal numbers in guarantees 
might be necessaiy in some cases while the transition is being 
completed m all .states. 

fractions would still be involved in expressing the percentages 
of the minor elements in fertilizers. 

Advantages of the N-P-K System 

l. Ij ntjormhy of terminology in expressing the plant nutrient 
content o! soils, plant materials, and fertilizers wmuid greatly 
lessen the contusion in both evritten and spoken wmrd. The com- 
position t if plant materials is generally expressed in present-day 
liteiature in teims of the element. This method of expression for 
the mineral elements is aheady lirnily established in the animal 
nutiition and bit^chemkal fields, heeding standards for such ele- 
ments as phosphorus and calcium are usually expressed in terms 
of the element and tlien converted to .show? the amount of a 
standard source material to use to .supply the required level of 
the element in question. Likewise, soil tests are frequently calibrated 
on an elemental basis. A common basis for expressing the plant 
nutrient content of these materials w?ould make the interpretation 
of soils and creqy data in terms of fertilizer much simpler. Since 
nitrogen in fertilizers is already expressed in terms of the element, 
the shift would, first tif all, provide for uniformity in fertilizer 
grade terminology. 

The increasing importance of the so-called seamdary and minor 
elements warn id he an additional argument for using a simple 
elemental basis for expressing the nutrient content of fertilizers, 
it is difficult to rationalize the complexitv^ of terminology which 
is developing in the fertitizer field. Some nutrients are guaran- 
teed in terms of the element, .some as oxides, and some as com- 
poiind.s or commercial products. For example, a popular grade 
of fertilizer in Vn mma wdiich is recommended for alfalfa might 
be guaranteed tn iontain 2% nitrogen (N), 12% phosphoric 
acid (PiOr,), {2U iotish {KuO) and 5% borax equivalent. Actu- 
ally the boron mi> not be in the form of borax (sodium tetra- 
borate decahydrate) at all but in the form of Colemanite (cal- 
cium borate)— a compound greatly different in solubility. Like- 
wise the phosphorus might not be .supplied in the form of ortho- 
pho.sphates but as calcium metaphosphate and the potassium w^ould 
probably he supplied as the chloride salt of that element. 

■I,. Shnpiicity is aiuuher wauthy objective of the change. A 
true nomenclature of plant nutrient elements would not permit 
the use of such terms as or phosphoric acid” and "Ki-O 

or potash.'' The increa.sing use of orthophosphoric acid, 
as a fertilizer material for direct application has added to the 
confusion wdren PlO.-, is referred to as ‘'Phosphoric acid.” The 
AAFCO w?ent on record in 1954 as favoring the abandonment 
A>f the term "phosphoric acid” for PiiO,',, recommending that it 
be called phosphiirus pentoxide. It would be much simpler to 
expres.s phosphorus as the element, and usually the simplest way 
i.s the best w'uy. 'Fhe expression of the potassium content of potas- 
sium chloride, KCl, as an oxide appears less defensible since it 
has been known since 1810 that there is no oxygen in KCI. 

It has bt'en pointed tmt that the present practice of using PaO,- 
and KaO to expre.s.s the content of phosphorus and potassium is 
irratitmal since it requires 7 symbols and figures wdien 2 will serve. 
The saving in printing, stamping, and typing — the small suffix 
figures require special attention by typists and printers — would 
be significant to say nothing of the space saved in explaining 
the meaning of P^iO.-, and K-O. It is a common practice to refer 
to NPK fertilizers and then make calculations in terms of N, 
-PyO.',, and KiiO. There is little doubt that the use of such arbitrary 
terminology has affected materially the types and amounts of 
fertilizer used anti has been a real obstacle in educational pro- 
grams w'ith the farmer. Progress in any field is hampered by hold- 
ing to terminology and concepts long after they have been 
discredited. 

3. Accuracy in stating the true ratios of the major nutrient 
elements in a particular fertilizer wmuld require that they be 
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.stated in terms of the element. Expressing the nutrient content 
of fertilizers in such terms as Pi-O;;, KyO, CaO, SO«, creates erro- 
neous impressions as to the actual amounts of the plant nutrient 
elements in fertilizer materials. Ratios of the nutrient element 
contents of a fertilizer are frequently used in referring to "nutrient 
balance” in relation to fertilizer use. The 1:1:1 ratio denotes 
a favorable balance of the three elements to many people and 
the impression is held that because of the widespread use of 
fertilizers with a 1:2:1 or 1:3:1 ratio (N-Pij 0 ,rXj 20 basis) large 
quantities of phosphorus in relation to the other elements are being 
used. Conversion to the elemental basis shows this to be a mis- 
conception, since a 1:2:1 ratio in conventional terms becomes a 
1:0.88:0.83 ratio as N-P-K. 

The use of the term P^Or. has been defended on the basis that 
it denotes the orthophosphate form of phosphorus in fertilizers. 
This is untenable since it has been shown by Jacob and Hill (5) 
that about 4l compounds have been identified in fertilizers and 
related materials. These include 23 orthophosphates, 7 pyrophos- 
phates, 7 metapliosphates, and 4 polyphosphates. 

If the oxide form originated in rock analysis as a method of 
showing true valence of the element, its present use in fertilizer 
analy.ses is erroneous. For example, the phosphorus content of 
phosphites is expres.sed as ILQr. whereas the correct oxide to show 
the valence of phosphorus in phosphites would be PiiOit. 

The oxide is not the basic functional unit either from a phys- 
ical or chemical standpoint. The atom might be considered the 
functional unit from the viewpoint of the physicist but the ion 
would generally be the functional unit from a chemical or crystal 
structure point of view. Actually chemistry is of little help or 
importance in this case. The important information in a guar- 
antee is the amount of the constituent and the simplest form 
of statement is preferable. More complex forms such as the oxide 
or ions convey no pertinent information. The nutritive value or 
"availability” of the constituent cannot be shown by the mode 
of expression. 

Summary 

Some of the valid objections, to changing from the oxide to 
the elemental basis as a mode of expressing nutrient guarantees 
of fertilizers include: (1) Historical use of the oxide terms would 
require an intensive educational effort to acquaint all groups In- 
volved wnth the new system, (2) Fertilizer law^s would need 
revision on a coordinated national scale, (3) Costs inckiental to 
the change and (4) a complete revision of grades and formulas 
would be required to maintain the whole number .system. 

The utility of the elemental basis (the N-F-K system) in fer- 
tilizer guarantees highlights the true advantages of this system. 
A uniform method for stating the nutrient composition of fer- 
tilizer materials, plants, and feeds would greatly simplify exchange 
of information in the clo.seIy related fields of soil chemistry, 
fertilizer technology, and plant (and animal) nutrition. Simplic- 
ity of the elemental .system and the fact that it is a more accu- 
rate expre.ssion of the plant nutrient content are strong argmnent.s 
for making the change. The logic is apparent of any change which 
simplifie.s, adds consistency or uniformity, increases the accuracy, 
and greatly improves the u.sefulne.ss of the sy.stem, 

LITERATURE CITED 

1. Brand, Charles J, The National Fertilizer Association. Scien- 

tific Monthly. 66:33-46 (1948). 

2. Crowther, E. M. Fertilizers During the War and After. Bath 

and West and Southern Counties Society Pamphlet No. 13 
'(1948).> ... ' , 

3. Crowther, E. M. Soils and Fertilizers. Journal Royal Agric. 

Society of England. 108:77 (1947). 

4. Jacob, K. D. Expressioh of guarantees of plant nutrients in 

fertilizers in foreign countries. AAFCO Official Publications 
No. 7, 88-93 (1953). 

5 . ^ and Hill, W. L. Laboratory evaluation of 

phosphate fertilizers. Soil and Fertilizer Phosphorus in Crop 
Nutrition. Agronomy Monograph Vol. IV. 299-345 Aca- 
demic Pre.ss, New York. (1953). 

6. MacGregor, John M. Agricultural Ammonia Institute Tech. 

Bill. AA-3 (1954). 

7. Minutes of the Second National Fertilizer Conference, 1928, 

Mimeo. by National Fertilizer A.ssociation. 

8. Sauchelli, V. Which . . . N-P-K or N-PaOr.-KkO? Commer- 

cial Fertilizer 77(5):18~21 (1948). 

9. Smith, A. M. Some comments on the fertilizers and feeding 

stuffs act Agricultural Progress. Vol. XXII (Part I) 43”"47 




^Approved for publication as Miscellaneous Paper No. 9 by 
the Director of the Oregon Agr. Exp. Sta. and the Chief of the 
Soil and Water Conservation Research Branch, A.R.S., IJ.S.D.A, 
Contributions of the Department of Soils and the Department of 
Earm Crops of . CAES and of the Western Section of Soil and 
Water Management of SWCRB, Rec. for publication Dec 20, 

®A self-propelled plot combine. John B. Liljedahl, N, I, Han- 
cock, and James L Butler. Agron* Jour. 43:516-517. 1951. 


Fig. 2. —Thresher engine side of combine. The engine is located 
above and back of the front wheel. Threshed grain is collected 
■ in the bin which hangs beneath the machine. 


Notes 


A PORTABLE SELF-PROPELLED 
PLOT COMBINE^ 


T hree methods of harvesting experimental plots of small 
grains and seed crops have been generally employed. 
The method in longest use is that of cutting the plants from 
dehnite lengths of rows or numbers of cpadrats by hand, 
bagging or wrapping them to prevent .shattering and loss 
of seed during transportation, and threshing with a small 
stationary plot thresher or other means, A second method 
is similar except that cutting is done with a small plot nio\\x^r, 
having some type of catcher to collect the plants as they are 
cut. A third method is that of employing a commercial sell - 
propelled combine to cut and thresh the crop simultanecmsiy. 

Each of these methods has disadvantages. The relatively 
large amount of hand labor involved in the first two methods 
limit.s the number of plots that may be handled by an experi- 
menter and encourages reduction in plot and sample si^e. 
Combines have the advantage of completing the harNest in 
a single operation. However, present day commercial self- 
propelled combines are of such size (7-foot cut, or larger) 
that the experimental area required for plots to be harvested 
by them may be so large as to include undesirable site hetero- 
geneity. Relatively large amounts of labor and materials are 
necessary for application of treatments to plots of the rec|uired 
si2e. The machines are difiiailt or impractical to clean betwx^en 
plots of different treatments or varieties, The sample remov ed 
from the combine at the end of a plot may be contaminated 
by significant amounts of seed from previously harvested plots 
of different treatments, and is usually not suitable as a .sample 
for chemical aiiaiyses, baking trials, or determination of other 
than yield effects of treatments. Because of their weight, bulk, 
low road speed, and the difficulties involved in transporting 
them by truck under bridges and overpasses, power lines, 
telephone lines, and other obstructions along the highways, 
use of commefcial self-propelied combi ne.s is usually limited 
to sites near their permanent location. 

A self-propelled plot combine was dc.scribed in 1931 by 
Liljedahl, Hancock, and Butler.^ Their machine was a sig- 
nifiaint advance in plot-harvesting equipment for crops that 
may be combined. An Allis-Chalmcrs Model G tractor, with 
front end and rear wheels removed, was mounted abo^'e the 
combine body as source of motive power for the truck wheels 
upon which the front end of the machine was carried, A 
6 hp. air-C(X)Ied engine powered the thresher. 

Three portable self-propelied plot combines have been 
constructed and used at the Oregon Agricultural Experiment 
Station during the 1953 and 1954 seasons. The basic unit 
of these machines is an Allis-Chalmers Model 40 All-Crop 
Harvester, stripped of frame, wheels, clean grain elevator, 
and tailings elevator and streamlined inside essentially as 
recommended by Liljedahl, Hancock, and Butler. 


The combine body is placed upon a iVame supported at 
the front by an automobile rear axle and wheels (6.00 x 16 
tires) and at the rear by an automobile front axle. Each 
axle is shortened by 12 inches. A 9 hp. ^Xhscottsin air-cooled 
engine, mounted low on the left side oi the machine, sup- 
plies motive power to the automobile rear axle through two 
automobile transmissions. The arrangement of these coni- 
ponents is shown in figure 1. The combine has 6 torward 
speeds, ranging from about 1 to 7 miles per hour; Tie re 
are 3 reverse speeds. A 9 hp. Wisconsin engine, mounted 
low and well forward on the right side of the machine, 
as shown in figure 2, operates the combine. Liiw mounting 
of the engines on opposite sides ui the machine re.sults in 
low over-all height, low center-of-gravity, and good stabil- 
ity. Driver’s seat and combine and engine controls are 
mounted on a plationn supported above tlie machine. A 
hand-operated liydnuilic header lift is provided. Threshed 
seed is collected beneath the machine in a sliding bin, which 
has a funnel mouth for ease in transferring to bags. An 
air compressor may be mounted on the platform and powered 
from the thresher engine, if it desired to thcH*ouglily dean 
the machine between varieties. 

The ccmplcW niachine weighs approxiniaiely 3,660 pounds. 
It may easily be driven onto a tilting bed implement trailer 
under its own power- Loaded thus, it vviH pass lukler obstacles 


Fig. 1. — Propulsion engine side of combine. The engine anil two 
transmissions are located in front of the rear wheels. 






NOTES 


hightf tliaii about 9 V 2 ieet, and m;iy be transplanted behind 
automobiles or prekup trucks at legal highways speeds. 

The aa)mbine cuts a swath a 0 inches wide. In fertilizer 
experiments at this station plots are usually made 8 feet wide 
and oO feet long; an area -iO inches wide and 40 feet long 
(135 square leet) is harvested from the central portion of 
the plots. XX^diere wheat yields 30 bushels per acre this pro- 
vides a sample. The combine is employed for 

trimming the plot ends prior to harvesting plot samples. 

During the past season, tliese combines have been used 
to harvest experimental plots of wheat; barley, beans, alta 
fescue, and \etcli on approximately 80 farms in various por- 
tions of Oregon. Two men are sufficient to operate the com- 
bine, hut it is convenient to have a third man to tie and 
label the bags containing tii reshed samples. Crews of 3 men 
have harvested 30 to ao plots (30 feet long) per hour. Lilje- 
dahl, Hancock, and Butler estimated the combine resulted 
m 80 '"r s*i\ ing ol manpow’er in coiiiparison with hand liar- 
vesting. XX’ith the clean ifig jiiechanism Of the combine care- 
f uily adjusted to clean the grain, satislactory weights for yield 
determinations may he obtained immediately, ’^diere neces- 
saiy, grain samjiles may be quickly cleaned of chaff and 
stniw with a X'ogcl Re-cleaner.*’ 

It is our opinion that portable self-propelled plot com- 
bines may he constructed from several otlier small commer- 
cial puH-type ctHTibines, but probably none is as compact and 
light wc.ight as the Allis -Chalmers Model 40. Insofar as we 
are aware, no implement company is presently manufactur- 
ing a iommerciai conibiae of a si?.e suitable for conversion 
into a small portable self-propelled plot combine. Combines 
of suitable size are only available on the used market. All 
repair parts are presently available. It is the policy of the 
larger manufacturers to maintain stocks of repair parts of 
machines no longer in production for as long as any consid- 
erable number of tliem are in use. 

A list of needed materials, drawings, and further descrip- 
tion of the Oregon plot combines are available from the 
authors on request.--AtJciurr S. Hunt and Jam us H. 
foHNsoN. .SV4/ Xc/c-^z/A/. Oreifrm At^r. Exj). Su:, dmi Wesierd 
SvcEum. ,SVd/.m/ \rdur Sll XRR. /IRS, USDA, 

Corvdliiu On i^., jdJ Edrm Eorvfhhi^i, Edrm Cm/o* Dep!., 
(Jrvjfofi Ev/c SiiL. (lin'i\i!!}s. Orgy, 

Dt's(i»!ied by Dr. OrvaJ A, X^c^el, Agoaiomist, Agricultural 
Rt'seartb Service, Agruncuny Department, State College <»f Wash- 
ington. Pullman, Wash. 

GRASS-LEGUME BAND SEEDING WITH 
A SHOE TYPE DRILV 

E stablishment of alfalfa, clovers and cool season 
gra.sscs is often difficult during fail months in southeast 
Oklahoma. Soil moisture is frequently limiting, with early 
fail showers usually followed by droughty periods. Low soil 
fertility is a limiting factor for vigorous seedling growth in 
most areas. Possibilities of overcoming these hazards to 
stand establishment include summer fallowdng and the secd- 
ing of grasses and it‘giime.s directly above fertilizer bands in 
w^ell prepared seedbeds. However, farm equipment now in 
general use does not offer an efficient means of obtaining 
precision band seeding with the desired fertilizer placement. 

A commercial narrow-furrow, shoe-type drill has proved 
to be an effective method of accomplishing this band seeding 

*Kec, for publication Dec. 27, 1954. 


and fertilizer placement, giving excellent stands of tall fescue, 
orchard grass, brome, alfalfa, Ladino and common white 
clover mixtures at the Southeast Oklahoma Pasture Fertility 
Station, Coalgate, Okla. The seed ings were made in 2 experi- 
meiitai pasture areas, totaling about 70 acres. The soil types, 
are principally Dennis silt loam and Verdigris silt loam. 
These fields fallowed through the driest smnmer of 

record and had good subsoil moisture at lO-inch depth prior 
to the first fall showers. Two tons of lime per acre were 
applied broadcast and a smooth, firm seedbed w^as prepared. 

A shoe-type drill was rigged to place high analysis ferti- 
lizer in a band at a 2-inch depth, with the grass and legume 
seed failing at the point where the loose soil flawed together 
behind the furrow opening drill shoe (figure I ) . This gave 
a good distribution of seed in the upper half inch of soil 
immediately over the fertilizer hand. A wide press wheel 
following each drill shoe firmed the seedings. 

An aifalfa-dover seed mixture was dropped with a uni- 
form seeding rate through the grass seed attachment. The 
grass seed mixture wa.s aplied with excellent j^recision through 
the grain box fitted with an agitator. Both grass and iegunie 
seed were delivered through a single flexible hose with the 
opening end held by a dip attached to the rear of the drill 
shoe. The fertilizer was delivered through a separate flexible 
hose dropping the fertilizer into the furrow-opening shoe. 

An excellent stand of cool season grasses and small seeded 
legumes was obtained in this manner (figure 2) . The use 
of a narrow-furrow, shoe-type drill offers good possibilities 
for obtaining precision band seeding for grass and legumes 
over a deeper placed fertilizer band. 







r : : 







Fig. li — A narrow-furrow, shoe-type drill rigged for seeding grass 
and legume seed directly above a fertilizer band in a prepared 
seedbed. The small-seeded legume mixture is applied through 
the grass-seed attachment, and the grass seed is dropped through 
the grain box fitted with an agitator. Both grass, and legume 
seed are delivered through a single flexible hose dropping the 
seed at the point where the loose soil flows together behind the 
drill shoe. The fertilizer is delivered through a separate flexible, 
hose dropping the fertilizer into the furrow opening shoe and 
placing it in a band at a 2-in. depth. A wide press wheel fol- 
lowing each drill shoe firms the seedings. 
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programs, ihey are, However, ox consiaeraDie gcneo. lotcresi:. 
The purpose of this note is to report lethality io a cross of 
two Wheat varieties not previaiisly known to carry lethal 
factors. 

Atlas 66, a soft red winter wheat, was crossed with several 
soft wlieat varieties and with Quanah, a hard red winter 
variety, in the spring of 1932. Seed of the parent varieties 
and the hybrid seed were fall planted near Raleigh, N. C 
Fail growth appeared normal in all plants. In February 
the 20 Fj plants obtained from the cross Quanah X Atlas 
66 appeared to be dying and by the end of March all plants 
from this cross were dead. There cvas a gradual yellowing 
and weakening of the plants and the leaves died from the 
tip downward. No pathogenic organism or eovironmeiital 
factor could be associated with this condition. The roots 
appeared normal. 

These two varieties were again hybridixed in 1953, but 
only one seed set. This seed, which w^as from the reciprocal 
cross Atlas 66 X Quanah, was planted with the two parents. 
The Fj plant grew normally in the fall, but died in the 
spring ot 1954 as had those la the previous year. 

Since Atlas 66 and Quanah, as cvell as parents and 
pliints of other crosses grown under the same conditions, 
were normal, it was concluded that lethal getietic factors were 
operating in the cross. 

These lethal factors appear to be different from those 
reported by Caldwell and <3ompton,~ who found that seed- 
lings with lethal factors invariably died soon after the four 
leaf stage. Most of the plants of the cross reported here 
reached a height of 8 to 12 inches with several tillers before 
they died. There is a possibility^, however, that the difference 
in stage of development of the plants at the time of death 
was due to differences in environmentai conditiom. The 
amount of growth was somewhat comparabie to the semi- 
iethal condition described by Sachs^* in some interspecific 
wheat crosses. He found, however, that an occasional plant 
in these crosses would produce a single head, whereas none 

of the plants reported here readied tiie heading stage," --T, T. 

Hlblrt and G. K. Middllton, Assmale Pwfessar of 
Plani Pathology amJ Professor of ■ Agronmny hi Small Gram 
Breeding, respectively. North Carol mi Agrf Exp, S fa, 

® Sachs, 1^0. The oa:ufrem^ of hybrid semidethak and the 
cytology ot Trdiaim macha and Trlh caw pavihm. Jour, Agf. :Sd; 


? ■ . . 5 - ^ 

Fig. 2. — Cool season grass and perennial legume mixture 6 weeks 
after seeding directly over a fertiliser band placed at 2-m, 
depth. Seedings were established in a well prepared seedbed on 
land that had been summer fallowed. Two tons of lime were 
applied per acre, broadcast. The fertilizer applied at seeding was 
150 lbs. 10'”30”-10 per acre. The mixture used was 5 lbs. each 
tall fescue, brome and orchard grass, 9 lbs, alfalfa and p lb. 
each Ladino and common white clover. The vetch seedlings 
are volunteer form the previous year’s rye-vetch crop. 


This type of drill has been used in a similar manner to 
thicken drouth-thinned established alfalfa stands at the Pea- 
nut Experiment Farm, Stratford, Okla. Fall stand establish- 
ment in that area has a further hasiard from the sharp cutting 
action of wind-blown sand particles on exposed seedlings 
during the fall and winter months. The older, scattered plants 
give protection to young seedlings during that period.— J. Q. 
isfit^Y)COkJahoma A, and M, College: Sfilhvater, Okla, 





Book Reviews 


SMALL FRUIT CULTURE, THIKU EDITION 
By jumes Shth-fuakev. iSetv York, A\cGrati'~H ill Book Co. 

447 pp. :19S.Y S6.S0. 

This third edition of Prof. Shoemaker’s text is an up-to-date 
handbook of inforniation on small fruit culture which should be 
a good reference for individual gardeners as well as for coninier- 
cial growtr.s. Included are separate sections on grapes, strawbeiTievS, 
brambleberries, currants, gooseberries, blueberries, and cranberries. 
For each type the information includes a brief history of the 
particular culture, a list and description of varieties in the United 
States and Canada, methods of propagation, harvesting and han- 
diing, and other cultural instructions. The revision brings the 
book up-to-date on the newest varieties, tlie latest disease control 
methods, and irrigation practices and freezing methods. The book 
is copiously illustrated, altliough a few of the half-tone engrav- 
ings are not of the best quality. 

TWO EARS OF CORN^WO BLADES OF GRASS 
By D, /-/. Kdieifer. York. D. Vjo Nosirioui. b/c. 139 pp> 

19S^.:S4M0. 

Jonvithan Swift was some 2{)() years ahead of his time w'hen he 
wrote that the man who can make two ears of corn and two 
blades of grass grow where only one had grown before would 
dt> greater service tt» his country than all the world of politicians 
put together. This book relates in an entertaining fashion how 
modern scientists, notably chemists, have taken Swift at his word, 
quantitatively at least, to produce food and fibre in an abundance 
inconceivable 2^/4 centuries ago, I'he author’s optimism, with 
re.spect to future world supplies, seems limitless; it is based on 
tlie piienomenai acccunpiishments of chemistry already in synthe- 
sizing vitamins and antibiotics, and in the fields of food produc- 
tion and technology ; and he declares that the creative intelligence 
which envisioned and accomplished these feats is an inexha lestible 


Agronomic Affairs 


resource. The book is a plea for education and training to develop 
this resource, wherever it manifests itself, to enable science to 
work new^ "wonders” w'hich wall make today's feats seem trifling. 
Hydroponics and the synthesis of fats, sugars, etc,, are only two 
fields which, the author predicts, might do away with agricultural 
production at it is now knowm. Hydroponics is at a stage today 
comparable to that of the airplane when the Wright brothers 
flew their first model, he .states. While this is indeed a radical 
view at the moment, it cannot be disregarded. The abundance 
which the author foresees could eliminate the need to cry for more 
lehetisrau/n : and the optimistic result w^ould be a world of peace. 
That the world of politicians might not be able to guarantee peace 
even wdth abundance is no cause to discredit Mr. Killeffer’.s opti- 
mism, especially in the face of chemistiy’s record to date which is 
the basis for his confidence in the future. 


MEETINGS 

June 1 5-17, Anmuii convention, American Seed Trade Assn., 
Minneapolis, Minn. 

June 25-27, American Society of Commercial Seed Technolo* 
gists, Stiilwater, Okla. 

June 27-29, North Central Branch, A.S.A., Iowa State College, 
Ames/ . ' / ' ' 

June 27-30, Association of Official Seed Analysts, Stillwater, 
Okla. 

June 28-30, Pacific Northwest Regional Fertilizer Conference, 
Boise, Idaho. 

July 27-29, Northeast Branch, American Society of Agronomy, 
Pennsylvania State Univer.sity, 

Aug. 1-6, 5rd International Congress of Biochemistry, Brus- 
sells, Belgium, 

Aug. 15-19, American Society of Agronomy and Soil Science 
Society of America, University of California College of 
Agriculture, Davis. 

Aug, 29-Sept. 6, International Horticultural Congress, Scheven- 
ingen, Holland, 


NEW PRACTICAL FORMULARY 

By Mitchell Freeman. Brooklyn. N. Y. The Chemical Puhli shrug 
Co. 377 pp. 19S3. $7 S3. 


This book contains more than 2,500 formulas for a great variety 
of products marketed under numerous trade-marks. Included are 
alloys, bleaching preparations, Bordeaux mixture, fumigants/ lar- 
vicides, ceiTient.s, glues, cleaning preparations, soaps, laundry spe- 
cialties, cosnietic.s and perfumes, candy and food products, ink.s, 
paints, stain removers, wall cleaners, and others. The author .state.s 
that most of the formulas are in use today in the manufacture 
of the products, and .some are newly disclosed in this volume. Of 
the most practical value to the manufacturer or technical worker, 
this book would also be helpful to vocational teacher.s and stu- 
dents. The layman himself would find it extremely interesting 
and revealing. An introductory chapter describes bask operations 
of a chemical plant. A helpful appendix lists weights and meas- 
ures, conversion tables, specific gravity comparisons, and sources 
of supply. 


The following Policy Statement looking toward the forging 
of a realistic manpower program for our country has been endorsed 
by the Engineering Manpower CDmmi.ssion of Engineers Joint 
Council, the Scientific Manpower Commission, the Board of Direc- 
tors of the American Chemical Society and the Technical Man- 
power Commission of the Armed Forces Chemical Association. 
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take, when he is drafted into the m^l^tar)^ .so that he might be 
assigned to a scientific activity. 

The Army has a scientific and professional personnel program 
into which it tries to fit engineers and scientists. During the past 
year. Selective Service has so overloaded the Army with profes- 
sional personnel that only a fraction of these men are being uti- 
lized in any activity remotely related to their specialties. Army 
officials have been forced to raise the qualifications for assign- 
ments in the scientific programs. Most scienti.sts now must have 
a Master/s degree plus a year of experience before they can qualify. 
Those with Ph.D’s are satisfactorily placed. For those interested, 
direct inquiry can be made tO’ the Chief of Classification and 
Standards, Branch GL Department of the Army, 'Washington 25, 
D.C-'// 

The Navy and the Air Force do not have comparable set-ups. 
The Air Force uses a great many men in specialized assignments, 
but without benefit of such formal arrangements as exists in the 
Army. The Navy apparently doesn’t recognize any kind of spe- 
cialization except that acquired in uniform. 


A STATEMENT OE POLICY 


From time to time, members of the Agronomic Manpower 
Resources .Committee receive inquiries relative to the use (>f 
scientists in the military, e.specially as related to Selective Service. 
People want to know what procedure a young scientist might 
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SITE OF THE SOCIETY’S 1955 ANNUAL MEETING— Stu^ 
dents chat im a bench of a covered terrace of the Soils and 
Irrigation Building on the University of California campus at 
Davis. A covered passageway connects the building with Hunt 
Hall, which houses the Agronomy Department and the Depart- 
ments of Vegetable Crops and of Plant Pathology, 


The American Society of Agronomy is represented on the SMC 
through the recently formed Rilicy Committee for Scientilk Agri- 
cultural Societies (Agron. Jour. 46; 595-“596. 15154 ). 


A STATEMENT OF POLICY RELATING TO 
SPECIALIZED PERSONNEL 

When Congress passed legislation to provide for the military 
strength of our country it declared that ’’in a free society the 
obligations and privileges of serving in the armed forces and the 
reserve components thereof should be shared generally, in accord- 
ance with a system of selection which is fair and just and which 
is consistent with the maintenance of an effective national econ- 
omy” (Section 1, c of Public Law 51, 82nd Congres.s). 

The obligation and privilege of serving one’s country in time 
of need has appealed to the patriotism of millions, yes billions 
of people, in literally hundreds of different countries. The United 
States has no monopoly on this feature. It is in the desire to 
assure a "fair and just” system of selection that the United States 
differs sharply from many other nations, and it is particularly 
important, in the interests of freedom and democracy, that every 
effort to provide such a system be made. Congress realized this 
when in the same law (Section 1, e) it declared that ’’adequate 
provision for national security requires maximum effort in the 
fields of scientific research and development, and the fullest pos- 
sible utilization of the nation’s technological, scientific, and other 
criticaL manpower resources.” 

These statements were incorporated into Public Law 51 on 
June 39, 195L when the United States was playing a leading 
role in the Korean action. Since then there has been a gradual 
change in the world situation and in the part played by the Lfnited 
States. The so-called ’’cold war” which followed has developed 
into what more accurately may be called a ’’technological war.” 
Recent authentic information from Russia indicates that her leaders 
fear our technological superiority more than anything else. In 
view of the Russians’ greater numerical strength, technological 
superiority offers the best hope of assuring our national security. 
It is logical that the degree to which national security can be 
assured is in direct proportion to our margin of superiority. 

While the Soviet Union is conscious of the role of technology'' 
as the basis for both military and economic power, it is also 
conscious of its accomplishments in this area, accomplishments 
that' have eliminated our superiority in certain fields and left the 
margin uncomfortably narrow in others. 


This being true, it is even more certain now than in 1951 
’'that adequate provisions for national security requires maxiouim 
effort in the fields of scientific research and developnient, and 
the fullest possible utilization of the nations tcdmologicaL scien- 
tific, and other critical manpower resources.” 

THt-REi'ORE; In the interest of immediate as as long range 
needs of our nation, it is the opinion of the bngirteering Man- 
power Commission of Engineers^ joint Council the Scientific Man- 
power Commission, the Board of Directtus of tlie American Chem- 
ical Society and the Technical Manp«>wer Commission of the 
Armed Force.s Chemical Association that every step slioukl be 
taken: 

1. To assure maximum and uninterrupted growth of scientific 
and technological developments by promoting a strong educational 
system at all levels which will produce an adequate ffc)w of spe- 
cialized personnel of outstanding qualifications. 

2, To assure optimum utilization of specialized pecrsonnei 
through a system whereby both military and civilian needs will 
be fulfilled. This objective will require expert civilian and mili- 
tary judgment to determine wliere each perstin can iuntribute 
ino.^t to the national interest. 

These broad objectives are ncit being today. Because they 
are not being met, it is the opinion of the Eng,ineering M.mpower 
Commis.sian of Engineers Joint (aninciL d’he Sdentific Manpower 
Commission, tlie Board of DirectiU's ot the American ( liemical 
Society ami (he Technical Manpower Commission of the /\rnTed 
Forces Chemical Association that those in Government liaving 
responsibility for the administration of the manpower program 
should seek: 

L Modification of Public Law 51 (Universa! Military training 
and Service Act) and its administration, including a change in 
title, in order to guarantee the selectivity features of the law . 

2. Legislation to establish a National Manpower Boaal in the 
Offke of the President composed of both civilian and iniljtaiy 
personnel whose duty it shall be to determine policy aikl implement 
the administration of matters relating to specialized personnel. 
This legislation shall also provide for proper organization at 
state and local levels to ensure adequate recognition of individual 
abilities and local situations which provide realistic proper utili- 
zation of each reservi.st. 

3. Legislation to provide an immediately callable reserve, under 
the control of the military, of such a size that it can be well 
organized, highly trained, and quickly mobilized to provide an 
effective striking force in the event of aggression, and also 

4. Legislation to provide a .selectively callable reserve, whose 
member.s shall not be recalled to the military except on a selec- 
tion basis under the direction of the National Manpower Board. 

Agronomic Manpower REsofjRCE.s Commitiee 
W. A. Albrecht J. B. PiriEKSON 

K. H. Klaghs.. N, Skold ' 

W. H. Lhdnaro S. a. Taylor 

C L.' W. SWANSia^^ ^hairmiiu ■ 


HAWAirCHAIHTR LISTS ACTIVITIES 

The Hawaii Chapter of the American Society of Agronomy has 
had a busy year, reports R. P. Humbert, past president of the 
chapter. Five meetings were held with attendance ranging from 
30 to 78 people. Several mteresJting programs held during the 
past year are: 

Feb. 4, 1954— -''Response to Molybdenum on Legumes in 
Hawaii” by Dr. O. Younge, and a movie, ’’Radio Isotopes in 
Agriculture” by the Atomic Energy Commission; July 39 — Dean 
R. 1. Throckmorton cm '’Midwestern Agriculture”; Nov. 9— 
Sterling Hendricks on 'Ton Uptake and Utilization by Plants”; 
Feb. 7, 1955 — ^Richard Bradfield on ’’What Factors Limit Yields 
of Heavily Fertilized Crops”; and March 7 — Sterling Wortman 
on ’’Rockefeller Research in Mexico — ^Its Implications for Hawaii”, 
and G. Donald Sherman on “Observations on the Soils of Cen- 
tral and South America”. 

Officers elected for the pre.sent year are as follows: Karl F. 
Manke, president; Zera Foster, vice president; Otto 5’ounge, 
secretary-treasurer; and Ernest Thoma.s, delegate at large. 

J, KEITH THORNTON DIES IN PENNSYLVANIA 

Joseph Keith Thornton of Lemont, .superintendent of the 
department of farm operations and service at Pennsylvania State 
University since 1948, died at his home March 11. 




■ 
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Born May /, 19(55 in McKeesport, he was the son of Charles 
and ^larietta Benian Thtn'oton. He w^as married to Frances Mar- 
tin wlio imrvives with his mi:)ther of Springboro, Pa., and four 
children, Joseph Keith Jr., Johnstown, and John, Charles, and 
Mary Faith, all ai: home.; ■ . * 

A brother, one sister, and a grandchild also survive. 

Mr. ’rhornton came to Pennsylvania State University in 1935 
as instructor in farm crops after 'serving for eight years as assist* 
ant plant pathologist in the IJ.S.D.A. Bureau of Plant Industry 
and the Pennsylvania Department of Agriculture. He was pro- 
moted to assistant professor at Penn State in 1941, to associate 
professor of farm crops in 1944, and to his present post in 1948. 

Mr. Ihornton, who conducted extensive research on grasses, 
was graduated from Penn State in 1927 and received his master’s 
degree from the University of Wisconsin in ,1947. 

He was a member of the Spring Creek Presbyterian Church of 
Lemunt, the Western Crawford Lodge F and AM of Conneautville 
and the Leniont Lions. He wais a member of the College Town- 
ship School Bcnird ^for more than seven years and of the College 
Area School Board until he retired early this year because of 
illness. . 

J. L. SCHWFNDIMAN RECEIVES AWARD 

Plant Material Sjpecialist John L. Schw^endiman received the 
Junior Chamber of C(Hiunerce---Sears Foundation 1954 Achieve- 
ment in Agriculture award for the state of Washington for his 
contributions in developing new gras.ses and legumes for conser- 
vation use in the Nortliwest. For the past U) years he has been 
agnmonust and manager of the UiS.D.A. S.C.S. nursery at Pull- 
juan, Whish., where, in ufoperation with State Experiment Sta- 
timis, 18 impriiVvd strains were released. These include Whitmar 
beardle.ss whea (grass, Alanchar snumth brome, Sfierman big blue- 
grass, Volga wiidrve, hard fescue, Topar pubescent wheatgrass, 
and other new grasses which are now' beii\g wdddy used in con- 
servation seedings. 

'INDIAN INSTITUTIL OBSERVES JUBM^ 

The Indian Agricultural Research Institute, New’ Delhi, popu- 
larly known as the Pusa Institute, celebrated its Golden Jubilee 
April i~4. The Institute was established in 1905 at Pusa, Bihar, 
with the help of a donation from the American philanthropist, 
Henry Phipps. It was located at Pusa until the earthquake of 
1934 caused irreparable damage to the laboratory buildings. It 
was then moved to New Delhi. New laboratories and buildings 
were Opened in November, 193b. 

'rhere are at present six fuajor tlivisions w’ithin the Institute: 
Agronomy, Botany, Siul Sdeike and Agricultural Chemistry, Agri- 
cultural Engineering, Entunu>h>gy and Mycology and Plant Pathol- 
ogy. Receritly, tlie Institute undertook agricultural extension W’ork 
in Delln villages. Besides these activities, it co-operates with the 
Food and Agriculture Organiy.ation of U.N. in the maintuinance 
and de.scription <»f genetic stocks of wheat and wdth the Tech- 
nical Co-operatit>n Missitm of the United States in conducting 
trials of certain fertili:/.ers in different parts of India, 

OREGON STATION INVITES ANNUAL MEETING 
ATTENDANTS TO INSPECT RESEARCH 
AT CORVALLIS 

^ Member.s of the American Society of Agronomy are invited to 
view research being conducted at the Oregon Agricultural Experi- 
ment Station in Corvallis, Oreg., either before or after the Society’s 
annual meeting ,it Davis, CaliMrnia, Aug. 15-19. 

D. D. Hill, Head of Farm Crops, and H. B. Cheney, Head 
of Soil.s, at Oregon State College report morning and afternoon 
tours w'ill be conducted daily. Details wdli be contained in u 
brochure which will be mailed soon to agronomy and soils depart- 
ments at other institutions. 

COMMITTEES FOR 1955 
AMERICAN SOCIETY OF AGRONOMY 

(A partial Ii.st of Society committees for 1955 was published 
, an the February 1955 issue, page 109, 
of Agronomy Journal) 


EDITORIAL BOARD — Whafs New in Crops ^ Soils 

Z. H. Beers H. D. Morius 

B. R. Bertr.^mson K. T. Payne 

D. W. Bohmont M. L. Peterson 

C. S. Gariuson R. C. P0TT.S 

William Heckendorn L. H. Smith 

M. H. McVickar Paul Tabor 

Maurice R. Haag^ Cha/rmew and Managing Ednor 
L, G, Monthly, Editor and Business Manager 
C. J. Lewandowski, Circitlation Director 

BUDGET AND FINANCE 

George Stanford Garth W. Volk 

N. P. Neal, Chairman 

ENDOWMENT FUNDS 

L. E. Arnold William Heckendorn 

F- E. Bear W. H. Pierre 

B. R. Bertramson G. D. Sherman 

Russell Coleman F. B, Smith 

W. £, Colwell J. R. T.4yxor, Ir. 

H. J. Harper ^ E. H. Tyner 

Emil Truog, Chairman 

MONOGRAPHS 

G. H. Ahlgren R. W. Pearson 

G. W. Burton R. W. Simonson 

J. E. Gieseking H. B. Sprague 

A. G. Norman. Chairman 

PUBLICITY 

Z. Fi, Beers M. R. Haag 

W. H. Carman M. H. McVick..\r 

WiLLiAxM Heckendorn, Chairman 

RESOLUTIONS 

A. A. Hanson T. L. Martin 

J. W. Lambert L. G. Monthly 

J. E. Adams, Chairman 

AGRONOMIC MANPOWER RESOURCES 
W. A. Albrecht J. B. Peterson 

W. H. Leonard L. N. Skold 

K. H. Klages S. A, Taylor 

C. L. W. SwuwsoN, C/m/V/zl'D/ 

GRASSLAND IMPROVEMENT (STEERING COMMITTEE) 
F. V. Burcalow O. E. Sell 

S. J. Richards V. G. Sprague, Chairman 

BYLAWS 

Lowell W. Rassmussen C. E. Marshall 

P. M. Burson Martin Weiss 

S. S. Obhnshain, Chairman 

REGIONAL BRANCH COORDINATION 
S. R. Aldrich, Northeast Eric Winters, Sourhern 

AWARDS 

B. R. Bertramson H. H. Kramer 

Lyman Dean A. O. Kuhn 

W. H. Pierre, Chairman 

NATIONAL SEED CONTROL COMMITTEE 

E. F. Frolik R. W. Jug en HEIM er 

C. S. Garrison Hugo A. Graumann 

A. H. Johnson J. L. Robinson 

HISTORIAN— F. D, Keim 

SPECIAL REPRESENTATIVES 
Joint Committee on Grassland Farming — G, O, Mott 
Division oj Biology and Agrietdture of National Research Coun- 
cil — L, T, Alexander 

Agricultural Research Institute of National Academy of Science — 
National Research Council — K. S. QuiSenberio' 

National Joint Committee on Fertilizer Application — B. A. Krantz 
American Association for the Advancement of Sr/Vwce— H, M. 
: Tvsdal ” , 

American Academy oj Political and Social Sciences — R. B. 
Aldbrfer 
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NEWS ITEMS 

Garth K. Voter left the LFniversity of Wisconsin Jan, 4 to 
take charge of instruction and research in forest soiis in a new 
forest biology program at the Yale School of Forestry, New Haven, 
Conn. The program is supported by the John A. Hartford Foun- 
dation, Inc. Much of the research work will be conducted on 
a 3()0-acre tract near Valhalla, N. Y., which the Foundation has 
leased to Yale University. Prof. Voigt succeeds H. J. Lutz whi> 
has been named director of research under the new program. 

A 

Marvin D. Whitehead has been appointed assistant professor 
of field crops at the University of Missouri, He began work in 
Missouri on March 1. Whitehead received his B.S. and M.S. 
degrees at Oklahoma A. & M. College and his Ph.D. in plant 
pathology from the University of Wisconsin. He comes to Mis- 
souri from Texas A. & M. College wliere he has been plant 
pathologist since 1949. 

■ 

B. H. Beard, Re.search Agronomist, U.S.D.A., is now located 
at University of Minnesota’s Department of Agronomy and Plant 
Genetics where he will work on barley breeding and testing. 

R. T. Ramage, former teaching assistant in the University of 
Minnesota Department of Agronomy and Plant Genetics, is now 
research agronomist, LLS.D.A,, at Davis, Calif. His main project 
will be breeding and genetics of barley. 

„A_; 

Orvin E. Rud, former research assistant in the University of 
Minnesota’s Department of Agronomy and Plant Genetic.s, is now 
research instructor at North Carolina State College. He will work 
on weed control in soybeans, peanuts, and other crops. 

■ ■ ■ _A_, ■ 

Roy L. Donahus is on leave from the University of New 
Hampshire, conducting a fertilizer survey in Greece, He expects 
to return to the United States in June, 

■ '■ ■ 

Ray Hammons, Purdue forage gras.s breeder, left March 1 to 
take a position vi^ith the U.S.D.A. in Tifton, Ga. Hammons will 
be in charge of the peanut breeding improvement program for 
the Southeastern states. During the 20 months Dr. Hammons 
was at Purdue, he specialized in the breeding of better strains 
of brome grass and orchard grass. 

'■ ' 

Robert T. Ramage, who recently received his Ph.D. degree in 
plant genetics at the University of Minnesota, is now located at 
Davis, Calif., as Associate in the California Experiment Statian, 
and Agronomist with the USD A Cereal Crops Section. He wdll 
conduct work on fundamemaL barley genetics. 

i _A_' ’ 

Kenneth L. Yistb has been appointed as Associate in the 
California Experiment Station, and Cooperative Agent with the 
USDA Weed Investigation Section at Davis, Calif., w'orkiog on 
rice weed research. He recently received the M.S. degree in Agron- 
omy from the Universityof California. 



Boyce C. Williams w^as recently appointed Assistant in Agron- 
omy at the New Mexico Experiment Station. He received his Ph.D. 
degree in soil science at Michigan State College in March, He will 
do research on sodium soils. 



Paul A. Fkyxell has returned to the New Mexico Experiment 
Station after a 3-month leave during which he completed the Ph.D. 
requirements in genetics at Iowa State College. He is now engaged 
in cotton breeding and genetics. 

■ ■ 

Harry T. Bryant, who graduated from the Imiversity i)f 
Maine and also received a M.S, degree from that institution and 
the Ph.D, degree from the University of Wisctmsin, has accepted 
a position as associate agronomist with the Virginia Experiment 
Statian. He is otHcer-in'Charge of the Northern Virginian Pasture 
Research Station at Middlebu rg. 

A 

Coleman Y. Ward, a graduate a jf Tex, is Tech wfiere he also 
received the M.S. degree, has accepted a position as acssistant 
agronomist in forage crops research with Virginia Experiment 
Station at Blacksburg. 


PERSONNEL SERVICE 
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Influence of Area of Seed Production on the 
Performance of Ranger Alfalfa' 

Dale Smith- 


No* 5 


and inipfovcd x-arieties oi alfalia have been and 
d- N a.rc being developed for the iio,rt:hern areas of the 
imited States. In i;hc iiortlicentrai and northeastern states, 
all alia Sjeri prodaetioo has not been consistent nor .gener- 
ali}' sureessiul. Theretore. rite National Foundation Seed 
Project 13) was tliw eloped to facilitate the seed increase 
ol: new v'aneties liavsng wide adaptation. The basic slocks 
oi seed oi ai'Cipied ^arieli^s under rids plan are made avail- 
able lor the j'na.HUfi lR>n ol icrisficd seed either in or ont- 
side the area, ol adaptaheu). Although the environmental 
influences ol: ihr \arious areas of certdied seed production 
on tlic pertoomnee of a new variety leive not been fully 
determiiievl or cKpfained, it is known that some clianges 
do occur wlieu seed of a nsnlliern variety is produced in 
a soiillieni latitude of tlie United States. 

Sirnlli and Ciraher (6) liasa;' compared the performance 
in Wisconsin of se^'e^aI Ranger alfalfa seed lots. Tliey have 
shown that sc-ed jM'oduc:ed from one generation of increase 
in southern Luiiudcs i.il {he United States gave stands which 
produced on the awrage taller plants following early fall 
cutting When compared with plants derived from the seed 
of one generation of increase in the north. Some loss in 
winter-hardiness was observed also in the plants derived 
froiii tlie southern produced seed. These tendencies were 
more apparent in plants derived from seed of two genera- 
tions of increase in southern latitudes. Differences in bac- 
terial wilt suscepiibilftv aiiiong the regional seed productions 
were not noted. Under New’ York conditions, Murphy and 
Kohli (3) in a preliminary report state that no significant 
differences of im|)ortance were found among several seed 
increase's ifl” Ranger frorn Nebraska, Montana, and Arizona 
svith respect to yiclde disease reaction, recovery, stand, and 
\'igor except for a lot of second generation Arizona seed 
not eligible for ct?rtificatio!i. Battle (T) in studies with 
Atlantic alfalfa found no significant changes in bacterial 
wilt reaction that could be ascribed to advance in genera- 
tion or to area of seed production, but seed from surs'iving 
plants in aging stands carried more resistance. 

This paper contains fiutlier information regarding the per- 
iormance of plant populations of Ranger alfalfa which ss'ere 
derived from seed produced in several states within and 
outside the principal region of adaptation of the variety. 

^ Contribution from the Department of Agronomy, Wisconsin 
Agr. Exp, Sta., Madison. Published with approval of the Director, 
Wisconsin Agr. Kxp. Sta. Kec. for publication Oct. 21, 1954. 

"Associate Professor of Agronomy. Tlie author Is indebted to 
Dr. L. F, Graher for helpful sugge.stions during the course of thi.s 
work and to Dr. J. H. Torrie for guidance in the statistical phases. 
The author expres.ses appreciation to John B. Pitner and Roderic 
E. Bifller of the Rockefeller Foundationc Mexico City, Mexico, for 
their cooperation in the production of seed for this study, and to 
Rus.seil F, Jtrhannes at the Marshfield Branch Sta. in Wiscon.sin 
for help in maintaining plots at that location. The statistical analy- 
se.s given in tables 1 and 3 were computed by the Numerical Analy- 
sis Laboratory, IJniv, of Wisconsin, 


Differentials in Autumn Stem Growth and Winter 
Injury in Spaced Populations 

The plant height data obtained in the fall of 1953 from 
the spaced populations at Madison were separated into four 
groups: short plants, 0 to 2.9 inches; medium, 3,0 to 5.9 
inches; tall, 6.0 to 8.9 inches; and the extra tall, 9.0 inches 
and taller. The percentage of plants in each height group 
for each seed lot \vas, determined. These percentages were 
transformed to arc sin \/%) for statistical analysis. 

Statistical analyses were then made on the percentage 
of plants in each height group for each seed lot, as well as 
on the average height of the fall growth and the average 
percentage of winter injury for each seed lot. No signifi- 
cant differences in performance were found among the 
plant populations deri\'ed from seed lots of Ranger of 
the same class'h of seed produced in the same state or pro- 


MATERIALS AND METHODS 


Sixteen regional productions of Ranger were seeded May 15, 
1953 in row.s :i foot apart in 4 replications with a randomized 
complete block design. Check strains included Rhizoma, Narra- 
gansett, Buffalo, Caliverde, and Arizona Common. One month 
after seeding, the plants were thinned to 3 to 3 inches apart leav- 
ing an average population of 34 plants per row. Tlie area was 
kept free of weeds and of new alfalfa seedlings fiami hard seeds. 
The foliage was kept free of damaging insects. In this manner, 
uniform conditions for growth were provided. 

Each plant was cut back uniformly to the crown <»n Sept. UL 
Thus, the succeeding growtli was produced under the shortening 
days and cooler nights of autumn. Without disturbing the natural 
direction of the stem growth, the height of the terminal bud above 
the soil surface on the tallest stem of each plant was measured 
in inches on Oct, 7 and 8. This was prior tc» any frost. The 
growth w;LS again cut on Oct. 19. The following spring, winter 
injury estimates were made In mid-April. Bach individual plant 
was rated on the basis of 100% for a dead plant to 0% for a 
vigorous and uninjured plant. 

Earlier, several regional productions of Ranger were seeded 
in plots in the spring of 1949 at Madison and at Marshfield, 
Wis. Check strains included New Mexico Common at Madison, 
and Grimm, Buffalo, and New Mexico Common at Marshfield. 
These plots were arranged in a randomized complete block design 
with 4 replications at Madison and with 3 replications at Marsh- 
field. Observations. made in the plot trial at Aladison concerning 
autumnal growth in the seeding year, winterkilling during the 
first winter, and the first cutting hay yields in June, 1950 were 
reported earlier (6). Subsec]uently, hay yields were determined 
from 3 cuttings in 1950 and in 1951. 

Hay yields were not measured in the plot trial at Marsiifield. 
Excellent stands prevailed since no winterkilling had occurred. 
Therefore, in the fall of 1950, the plots were cut closely and 
uniformly on Sept. 8 so that comparative observations could be 
made on the growth made during the shortening days and cooler 
nights of autumn. On Oct. 7, the height of each individual plant 
enclosed within a 2-sqiiare foot quadrat thrown at random 4 
times in each plot in the 3 replications was measured. The 
of each plant were pulled upright and together, and the height 
of the tallest stem was measured in inches. An average of 164 
plants per seed lot was mea.sured. 
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duced from diferent iiges of stands in the same state. An 
exception was the dilterence in winter injury between two 
second generation incrcases from Arizona (26 and 36%), 
Signiiicance was found among the different state origins of 
seed. 

The average perfonnanc'es of the Ranger seed lots of 
the same seed class originating from the same state, and 
of the check varieties, are presented in table 1. To determine 
which of the different state origins of Ranger seed differed, 
the Duncan 5% multiple range test (2) was applied to the 
means wdiich were the transformed means in the case of 
the percentage of plants in the height groups. Tliese data 
are also shown in table 1. 

The Ranger plant populations from seed originating from 
one generation of increase in Montana and Washington 
(Mont, foundation and Wash, registered) had a large num- 
ber of plants in the short height group, only a few plants 
in the tali and extra tall height groups, and only a small 
amount of winter injury. Plant populations from seed origi- 
nating from one generation of increase farther south (Cal, 
Ariz., and Mex. certified) had fewer short plants, jnore 


tail plants, and incurred more winter injury. These tendencies 
were more apparent in the popiilatians derived from Arizona 
seed than from California seed and were still more pro- 
nounced in the populations derived from , Mexico seed. 

The performance of tlic Ranger plant populations from 
seed originating from two generations of increase in Mon- 
tana and in Arizona was strikingly ditferent. The distribu- 
tion of the plant popiilation in the second generation in- 
creases from Montana (Mont, certified) and ilie amount of 
winter injury incurred were \art:ual}' the same as tliose found 
in the first generation increases froju Montana (Mont, foun- 
dation). In contrast, fewer short plants, more tall plants, 
and more winter injury were noted in the plant poisulatioos 
from seed with two generations of increase iir Arizona (not 
eligible for certification) than were found e^■e^ in the first 
generation increases from Arizona (Ariz. certified). The 
tendency toward tall plants in the j^opulation after !wa.;> gen- 
erations of increase in Arizona as compared witli two gen- 
erations of increase in Montana is shown clearly in figure 1. 

In addition to Ranger, two regional seed productions of 
Rhizoma were studied. The plant population data (table I) 


Table 1. — Average height of the fall growth and the average percentage of plants falling into 4 heiglit groups 
in several regional productions of Ranger, in 2 regional productions of Rhizoma, and in 4 check varieties, 
grown as individual plants from seed in 1953 and measured in October, 1953, and the average 
percentage of winter injury occurring over winter, 1953-54. 


Y^ariety 


Ranger _ 


Ranger..,, 

Rhizoma.. 


Narragansett.. 

Buffalo 

Cali verde - 
Common._d. .. 


State or 
country in 
which seed 
class* was 
produced 


Montana F| 
Washington R 
California C 
Arizona Ci 
Mexico t C* 

Montana Ci 
Arizona}: ; 

Canada ' 

Mexico t 

Rhode Island 

Kansas : _ 

California 
Arizona _ 


Genera- 
tions in 
state or 
country 


Coefficient of variability 


Ho. of 
seed 
lots 
tested 


Seed 

produced 

from* 


Nebr.F§ 

Mont.F 

Mont.F 

Mont.F 

Mont.F 

Mont,F§ 

Ariz.C 


Canadian 


Av'e. 
height of 
plants in 
inches 


3.4 

3.5 

3.8 

4.1 

4.9 

3.6 

5.3 

1.8 

2.9 

2.6 

5.4 

7.2 
10.3 


13% 


Percent plants in htdglit groups 


0-2.9 

in. 


Short 


39 

37 
31 
28 
16 

38 
13 

80 

54 

62 

9 


20 % 


3.0-5.9 

in. 


Medi- 

um 


02 

52 

50 


51 

49 

1.8 

39 

31 

48 

24 

4 


19 %v 


6 , 0 - 8,9 

ill. 


9.0 in. I Fert^ent 
and I winter 
taller i injury 


Tall 

9 

10 

15 

19 

23' 

9 

29 


6 

35' 

48 

21 


Extra 

tall 


23%, 


1 

8 

26 
i i.) 


50% 


8 

7 

13 

19 

23 

T 

31 

1 

8 


20 

76 

93 


Significance among the plant population means for the different state origins of Ranger seed using the 

Duncan 0 % multiple range test 11 


Average height of plants in inches. 

Mont.F. Wash.R. Mont.C. Cal.C. Ariz.C. Mex.C. Ariz.}: 


Percent short plants: 


Percent tall plants: 


Percent extra tall plants: 

Mont.F. Wash.R. Mont.C. CaLC. Ariz.C. Mex.C. 


21 %. 


Ariz.t 


Percent winter injury: 


Foundation seed, R — Registered seed, C == 

pJdmWwrtified Foundation at Mexico City, Me.xico, under the 19.^0 slan.tards oj the Internatinual Cron lu.proveraent .Wn-i.dinn for 

t Second generation of increase in Arizona and not eligible for certification. 

§ Information not available for one of the seed lots. 

■H'-f.-eut. 
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SMIIH: INI-lUliNCl; OF ARKA OF SEED PRODUCI'ION ON PERFORMANOE OF RANGER ALFALFA 

that there was a shift toward taller plants following 
one generation of int:rease in Mexico of Canadian Rhi 2 oma 
from Britisii Columbia, and tliat somewhat more winter 
injury was sustained in the plant population derived from 
Mexiio seed tlian in the plant population from Canadian 

SCCvl, 

Winter Injury in the Height Groups 

Ihc average j'^tree images of winter injury tor the Ranger 
pianis in eadi or the lour height groups for the various 
state orsgins o.t seed are given, in table 2. These data arc 
based on 3 replicates since an error in plant marking was 
made m one replicate. Hie amount: of winter injury in- 
creased in rlic j'dants in each ot the four height groups as 
the Ranger seed or ig mated Irom a more southern xirea. 

Altiiougli soiTU: of tile iaiJ and extra tall plants were unin- 
jured. a lugher percentage ot tliese plants was dead or in- 
jured tlian in tlie shorter heig]^r groups. 

Differentials io Autumn Stem Growth in Plot Trials 

Fig. 1. — A light snow covering brought out the l^bo^ 
Tlie average lieiglil: of l:lie autumn growth and the per- i^^ height of stems after 2 months of growth folic 

ventage of plants winch fell in three hCisht croups (short, September 9, 1949. Ranpr alfalfa (left) from 

_ } i , p , j , d p ,c ,, from two generations ot increa.se in Arizona ha 

ineduim, and fail) loi each seed lot ineasiired m the iall plants. Ranger alfalfa (center) from seed derive 

oi 193d m tlk; plot trials at Marslifield were analyzed statis- generations of increase in Montana had mostly 

rically in the sairie manner as for tlie spaced plants. Mexico Common alfalfa (right) had mostly 

hssentialR the same diliercnccs in plant distribution were 
louru! in tlie llangcr height data obtained from stands in 

plots as were round in the data Irom spaced plants discussed latitudes of the United States than in those fron 

earlier. No sigmficant differences in performance were found Tlie performance of plants from one northern 

among tlie plant populations derived from seed lots of the registered) differed somewhat from that of oth 

same class ot seed produced in the same state or {produced stocks. It had a higher percentage of plants in \ 

irom different ages of stands in the same state. Significant height group and a smaller percentage in the ^ 

differences were found among the plant populations derived group. How^ever, the percentage of tall plants 

from the different state origins of seed. The average per- to that in the other northern lots, 

formances of the differeuf state origins of Ranger seed, and 

ot the check vanct.es. are presented m table is. the second generati 

In general, there were more tall plants and fewer short from the southern areas as compared with tha 

plants in the first generation increases from the southern north. 



Fig. 1. — A light snow covering brought out the above differences 
in height of stems after 2 months of growth following cutting 
on September 9, 1949. Ranger alfalfa (left) from .seed derived 
from two generations of increa.se in Arizona had many tall 
plants. Ranger alfalfa (center) from seed derived from two 
generations of increase in Montana had mostly short plants. 
New .Mexico Common alfalfa (right) had mostly tall plants. 


latitudes of the United States than in those from the north. 
The performance of plants from one northern lot (Idaho 
registered) differed somewhat from that of other northern 
stocks. It had a higher percentage of plants in the medium 
height group and a smaller percentage in the short height 
group. How^ever, the percentage of tall plants was similar 
to that in the other northern lots. 

The data show also a decided increase in tall plants and 
a decrease in short plants in the second generation increases 
from the southern areas as compared with that from the 
north. 


lahlc i. — Average pereexuages of winter injury incurred during the winter of 1953-54 by the plants of Ranger, 
and t>f tfie check varieties, which fell in each of the four height groups shown in Table 1. 


Ranger. 


Ranger „ 


Narragansett . 

Buffalo 

Caliverde„ „ „ .. 
Common 


Variety 


State or 
country in 
which seed 
class* was 
produced 

Montana F 
Washington R 
California C 
- Arizona C 
Mexico C 

Montana , C 
Arizona t 

Rhode Island 
Kansas 
California 
Arizona 


Genera- 
tions in 
state or 
country 


* F sr Foimdfitiqti Seed, R = Registered seed, C = Certified seed, 
t No extra tall plants to classify. 

% Second generation of increase in Arizona and not eligible for certification. 


Nn nf 


Plant height groups 


seed lots 

0-2.9 

3.0-5.9 

6.0-~8.9 

9.0 in. 

tested 

in. 

in. 

in. 

and taller 


Short 

Medium 

Tall i 

Extra tall 

2 

6 

5 

17 ■ ■ I 

— t 

■ 2 ' 

5 

6 

12 ■ ■ ! 

0 

3 

8 

13 

22 

34 

3 

15 

16 

; : 30 1 

37 

. 2 ■ . 

16 

15 

1 ^ ■ '27 „ : 

66 

2 

1 ■' '6 

6 

■ . 5 - ' 

■0 '■ 

'..2 

-23 ■ 

24- 

36 

69 

1 

2 

1 

10 


; I . . 

4 

19 

■,..21: V 

50 

1 

33 

1 .62' 



1 

100 

100 

m 

■:.82T, V.., 

i : 
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Winter Survival and Hay Yields in Plot Trials 

The differentials in winterkilling among plant populations 
derived from various regional productions of Ranger seed 
in the plot trial at Madison following the winter of i949'-“50 
were reported by Smith and Graber (6). The differentials 
were substantially similar to those reported in this paper 
for the spaced plant populations. The killing and injury 
sustained by the stands were also reflected in the yields 
from the first hay harvest in. June (6). 

Even though winterkilling occurred during 1949-50, the 
number of living plants remaining was sufficient to maiii- 
tain good stands. The surviving plants were well recovered 
by late July when the second crop of hay was harvested. 
As a result, there were no significant dilterences in the 
yields of hay among the stands derived from the various 
regional productions of Ranger in the second and third cut' 
tings in 19.^0, or in tlie total yields for the year. This w'as 
also the case for each hay crop harvested from these plots in 
195T and for the total, yields. Evidence of wilt-infected 
plants was not noted. MoreoA’er, the stands were still good 
when plowed at .5 years of age but nearly all the plants in 
nearby plots of wilt-susceptible varieties of the same age 
Iiad been killed by wilt. 


DISCUSSION 

The largest proportion of the .Ranger altaita .ieed is pro- 
duced at the preseni; Lime in iJie soutlnvcstero, stales -wiierc 
seed yields a.re \'crv liigh. llus allows a sut'^sLuHial, and a 
continuing supply of seed for torage use in ■tiie northicrn 
areas but vJlnt appeara to be some hut a.pj:niix:ntly not 
a serious loss in wmtc-r'-.haruijTess, 

Common alfalfa strains resulting from narural selection 
during nuiiiei'ous seed genei:at.ions in southern lati!.ude> oi 
the United States arc generally not winiwAuvky in tb.e nonh. 
Although only one generario]i oi increase is pernutled .in 
the soutliern latitudes tor uil produaion ul i-cnnicj .Ranger, 
the performance of plant populations derived tn'mi sooth- 
westera produced seed lias hum shown lu differ irom tha: 
of plant popiilatioiis deriW^i I rum nonhcni va'odiauul seed. 
The question, that arises therefore is what .has occurred dur- 
ing seed production to bring about aneasurable ddlerences 
between the .soutlnvudvrii ami nun hern prodiKtd :n.'t.d oi 
Ranger, As pre\rioosly suggesled (.6 ), u'le . variety: may be 
respansivc diffcTentially U) length ck day. Whiti rhe sluu.1. 
days during the growing season in soniheni ■ iatitiuies, siib- 
stantialiy larger amounts of seed iru}' he proiluced in sue- 
cessfve generations from tht.- laller aiul less ^unnodUardy 


Table 3. — ^The average height of the fall growth and the average |?ercentage of plants falling into 3 height groups 
in several regional productions of Ranger alfalfa, and in 3 chedv vaiieiies, as oieasureil 
in October, 1950, in plots established in 1949 at Marshtiehl, Wh, 



State in 
which seed 
class’^ was 
produced 

Genera- 
tions in 
state 

No. of 
seed lots 
tested 

Seed 

produced 

from’^ 

Ave, 
height of 
plants in 
inches 

Percent plants in lieight groups 

Variety 

0-4.0 

in. 

4.1-fi.9 

in. 

7,0 in. 
and taller 

Short 

Alediu.ri! 

Tall , 

Ranger. 

Montana F 

1 

i 

Nebr. F. 

5.6 

17 

60 

2S 


Oregon R 

. 1 

1 

NAt 

5.5 

21' 

■ 54 

25 


Idaho R 

,1 

1 

NA? . 

5.S 

10 

65 

25 


Utah R 

1 

2 

Mont, F. 

6.2 

10 

54 

Iff! 


California C 

1 

4 

Mont. P 

e.o 

8 ■ 

6.5 

'27 


1 Arizona C 

1 ' 1 ; 

I 4-' 

1 Mont. P| 

6.4 

, ■ i 

8 

. 51 

41 

Ranger... b , . 

Montana C 

1 . 2 

i 1 ■ 

1 NAJ 

5.6 

15 

65 '■ 

20 


Utah C 


i ■ 9 

i Utah R. 

!■ 6.5 j 

5 

40 

46 


: Arizona t 

■ 


: Ariz. Cb 

1 7.5 

■ 2 

i 25: i 

1 '72 

Grimnia-,. -- 

Montana 

■ ' . ■ 

1 . 

i ■ ■ ■ , 

1 . 

i ■ ,5.7 ' : 

III ■ 

1 ' .■ ' i 

i ■ 65 ^ 1 

1 . ■ 

1 1 0 

Buffalo 

Kansas 


'1 


^ '''64'' 


■ ■ d V 

1 ' 4A, 

1 ' ' ■ 72 ■ 

Common 

New Mexico 


. '.A''' 


: Vr * * * § ** ■ 


** J ■ 

! .. 24 ■■■ i 

1 V ; 

Coefficient of variability 



5% 

i 

/€■■ i 

: 

■ 1 

! ■ ! 

r is'" 


Significance among the plant population means for the different state origins of Ranger seed using the 

Duncan 5% multiple range testy 

Average height of plants in inches: 

Oreg.R. Mont.F. Mont.C. Ida.R. Cal.C. Utah R. Ariz.C. Utah C. Ariz.j 


■ ■ Percent. tallml^nts 

Percent short plants: 

Oreg.R. Mont.P. Mont.C. Utah R. Ida.R. Ariz.C. Cal.C. Utah C. Ariz.: 



* F = Faundation seed, R = Registered seed, C =:= Certified seed, 

t Second generation of increase in Arizona and not eligible for certification. 

t NA ^ information not available. 

§ Information not available for two of the seed lots. 

underscored by the same line are significantly different and any two means underscored by the same line 
Significance for medium height group of plants not shown since the number in this group w’as dependent upon the number falling 


INFLUENCE OF AREA OF SEED PRODUCTION ON PERFORMANOE OF RANGER ALFALFA 


plants, whcTeas with the longer days oi the grownng season 
iiiithci north, where the components of Ranger were devel- 
oped, all plants may produce seed more or kess alikcg gem 
erallon atter'generation. ' 

It could be assumed also that some cross-fertilization 
with the non-hardy and wdlt-susceptible southern Common 
may occur in the southern iatitudes. However, no differ- 
ences in wilt leaction hae e been observed so tar among 
tlie plant populations deri\^ed from various regional seed 
productions of Ranger, and the differences in vnnter-hardi- 
ness bne not been large. The possibility of some cross fer- 
tilization with southern Common cannot be dismissed com- 
pletely, however, because of the foraging habits of the 
honey bee under stress for pollen, as indicated by the work 
of Williams and Lvans (7) with the buiiibie bee in red 
clox'er. 

SUMMARY 

Studies were made in Wisconsin on the performance of 
plant populations of Ranger alfalhi derived f ran seed wliich 
had been produced in several states within and outside the 
variety^ northern region of adaptation. 

Signiiuant thiierences in pertonnance wx're not apparent 
among the Ranger plant: populations derived from sece! lots 
ot the same class ( loimdation, registered, or certified) of seed 
pnxiiiued in the same state or produceil irom different ages 
of stands in rlie same state. The significant differences w'ere 
among the different state origins of seed. 

Ranger affalia suvd (certified) originating from one gen- 
eration of ^ increase in southern latitudes produced a greater 
nuniber ot tall plants and few'^er short plants in the popu- 
lations following early fail cutting and wem winter injured 
more than populations derived from seed originating from 
one generation of increase in northern ]atitud<S (foundation 

registered ) . These contrasts were even more apparent 
wlien the plant papulations ’were derived from seed lots 
originating from a second generation of increase in a south- 
ern latitude. 


When plants from each lot of seed were grouped into 
four categories, viz., those with stems that grewp short, 
medium, tall, and extra tall under the shortening days and 
CGoier temperatures of autumn, the amount of winter injury 
increased in each group as the seed originated from a more 
southern latitude. Regardless of latitude, winter injury was 
more severe in the taller than in the shorter plant height 
groups. 

Fortunately, the observed differences in performance 
betw^een the plant populations derived from ceitihed seed 
of Ranger produced in the southern latitudes of the United 
States and seed produced in the north have not been large. 
On this basis, certified seed of Ranger originating from the 
southern latitudes seems to be suitable for forage use in Wis- 
consin and other northern areas. 
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The Relation of the Protein Content of Forage Grasses 
to Earliness of Flowering' 

J. T.. Sullivan and D. G. Routley- 


T he percentage of protein decreases as grasses mature. 

On a given date, a iate-maturing plant is, as a rule, higher 
in protein than an earlier plant wliicli has proceeded farther 
toward maturity. In a study of different grasses, Phillips 
et al.^ noted that the late maturing species were lower in 
protein than early ones, and that a kte prchardgrass clone 
was lower than an early one at a comparable stage ol matur- 
ity. The significance of this observation is that if early clones 
of a given species are superior to late ones in a character that 
makes for quality in forage, then other factors being con- 
sidered, emphasis should be placed on the production ot early 
rather than of late-maturing strains. The present paper re- 
ports the protein content of individual plants of ordiardgrass, 
reed canarygrass, and timothy harvested at comparable stages 
of maturi^ and the relationship between the protein con- 
tent and the date of harvest. . 

Orchardgrass 

A small space-planted orchardgrass nursery was examined 
daily and plants slumdng several beads half-emerged but not 
completedy emerged from the sheath w^ere harvested for 
analysis, the sample consisting of the entire above-groimd 
portion. Twenty-nine plants were taken, each of a different 
clone. The earliest ones reached the hal f -emerged stage on 
May 1 3, 1 953, and the latest on June 5 . The data are 
presented in table 1. There was a definite downward trend 
of protein percentage from the early maturing to the late 
maturing. The correlation coefficient between the percentage 
protein at the half-emerged stage and the date at which that 
stage occurred was significant at the ! %■ level, r =: -~0.S6, 
The plants had been rated as to leafiness; tlie correlation 
between leafiness and the date of half-emergence was sig- 
nificant at the 15^ level, r 0.52; that between leafiness 
and protein percentage was not significant, r r: —0.14, 

Plants from the same nursery were also selected at full 
bloom. Among 37 plants, each of a different clone, there 
was again a progressive downwiU*d trend of protein from the 
earliest to the latest. The data are in table 1. The correla- 
tion coefficient beteen percentage protein at full bloom 
and tlie date at which that stage occurred wus highly signifi- 
cant, r c:: — 0.6B. The correlation between leafiness and date 
of full bloom was significant, r zr 0.43; that between leafi- 
ness and protein percentage was not significant, r r:: —0.11. 

Twenty-five different clones were common to both the 
one-half emerged and full bloom groups. Tlie correlation 
coefficient between the percentage of proteiia at the half- 

^Contribution No. Hi of the U. S. Regional Pasture Research 
Laboratory, Field Crops Research Branch, ARS, USDA, Univer- 
sity Park, Pa., in cooperation With the 12 Northeastern States. Rec. 
for publication Nov. 26, 1954, 

^Physiologist and Agent The authors acknowledge the assist- 
ance of Dr. H. L. Carnahan for advice and- for rating the orchard- 
grass plants as to leafiness. Dr. H. R. Fortmann of The Pennsyl- 
vania State University generously gave us access to the reed canary- 
grass and the timothy plants. 

; ! . Phillips, T, G., Suiltvan, J, T., Loughlin, M. B., and Sprague, 
V, G. Chemical composition of some forage grasses. L Changes 
with maturity. Agfon, Jout, 46:36 1-369. 1954. 


emerged stage and that at full bloom,' in these' 25 clones 
only, was highly .significant, r — 0.63. 

Reed Canarygrass 

' Spaced plants of reed canarjgtass in a, large, nursery were 
harvested in 1954. when '8 to 12 heads were vis.ible per 
plant The first 2. plants were iiar\’ested on May 24. There- 
after harvesting was limited to 6 plants, taken at random, 
each day when weather permitted up to June 1 1, Witli 3 more 
00 . June 13, there was a total population of ICI?. Protein 
ranged from 8.1 to 16.5%, an average ot, 12.1, The.corrda- 
t.ion between protein and date of lieading was nt'4. .'signifi- 
cant, r r: 0.65. 

Eight plants were found wltich contained no, or al: most 2, 
heads per plant and were cut on. June 16. ninged from 
■ 8.8 to 13 . 66 c protein, with an average of 1L5. 

Timothy 

Twelve early timothy plants were sampled when several 
heads were half-emerged, 7 on June I, 105 g and 5 the 
folknving day. They contained from S.9 i2.3G pri>lein, 

with an average of 10.47 ± 1.02. IVelve late plants taken 
at a similar morphological stage on June M, contained "^,3 
to 12.4%, wdth :an. average of ' 8.76' ± 1.72. The average 
difference betvveen the early and late group of plants was 
not significaot 

4 DISCUSSION ; 

Protein content is only one of the ffictors which jnake up 
the quality of forage for animal feed, but it is erne easily 
measured and is }x>sitively correlated witlr other quality fac- 
tors. In selecting plants for strain improsemenh the later 
maturing plants have often been favored over early inies 
because of the superior nutriutimal <.|iulity of the laie plants 
which are mor:< immature at a gi\en date. It' the fcuvige is 

Table 1. — Protein o)ntent of orchardgrass plants, each oif a 

different done, harvested at the half-emerged stage. The 
protein content of similar plants harvested at fulhhioom. 


Half-emerged stage 


Number 

of 

plants 


Percent 
protein, 
average 
for date 


Full-bloom stage 

Percent 
Number protein, 
e of average 
plants for date 


May 13 
May 14 
May 18 
May 25 
May 27 
May 28 
June 2 
June 6 


May 27 
i June 1 
I 'June '■ :2 ' 
June 3 
: June 4 
June 6 
June 6 
June Iff 
' June 1 1 
June 16 
June 22 
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to be harvested for hay or silage the relative composition 
of the plant at the same or a comparable stage of develop- 
ment should be considered b}* the plant breeder. 

In orchardgrass, high protein was associated with earliness. 
The population studied was small but differences between 
early and late plants were great. Since protein is positively 
correlated with digestible energy, carotene, and essential 
minerals, it is probable that the early orchardgrass plants 
have some superiority in nutritive value. Early orchardgrass 
strains, when grocvn in sod, are also generally higher yielding 
than presently available late strains. Late plants, on the other 
hand, even though more leafy, were lower in protein. This 
fact alone does not make them less desirable as forage if 
their content in digestible substances is high. Only feeding 
trials can determine this point. 

No significant differences in protein were found between 
early, intemiediate, and late plants of reed canarygrass when 
all were studied at the halUemerged stage. A small group 
of plants which had shown no sign of heading had a level 
of protein similar to those which did have emerging heads. 
Phillips £7 ai\ noted that this species showed less change in 
composition while passing through ^arious stages of its 


development than did other grasses. Maturity seems to have 
less effect c>n composition in this species. 

Significant differences in protein were not found between 
early and late timothy plants harvested at the half-emergence 
stage, though only 2 dozen plants were studied. The relation- 
ship between time of maturity and plant composition is 
apparently not the same in all grass species. 

SUMMARY 

Early maturing orchardgrass plants were higher in per- 
centage protein than late plants when all were harvested at 
a comparable stage of maturity. 

A highly significant correlation, r rz -~0.86, was obtained 
between the percentage protein of 29 individual orchardgrass 
plants at the emerged stage and the date when that stage 
occurred. The correlation coetficient between the protein of 
37 plants and the date of full bloom w'as also highly signifi- 
cant, r rz ---0.68. 

No significant relationships were obtained between protein 
content and earliness or lateness in either reed canarygrass 
or timothy. 


Agronomic Mutations in Oats Induced by X-Ray Treatmenf 

Kenneth J; Frey- , , 


T here has developed in the United States, largely as a 
result of Swedish publications, a renew'al of interest in 
‘'mutation breeding’* in the cereal crops. From 1930, when 
Stadler (8) reported upon his experiments with irradiation 
of cereal grains, until 1950, there was a conspicuous absence 
of the use of induced mutations in plant breeding in the 
United States. Meamvhilc, plant breeders in Sweden and 
Germany (1, 3) succeeded in inducing and isolating muta- 
tioas with agronomic \alue from X-ray treated barky. Giis- 
tafsson (4, 3) published upon several induced beneficial 
agronomic mutations in barley including a stiff straw^ed strain 
called “erectoidesf’ and two or three mutant lines which 
produced very high yields. The best of these yielded 10% 
more grain than the parental variety, Gull, and one line 
showed improved malting 

Shebeski and LawTence (7) have reported a mutant bar- 
ley strain from irradiated Montcalm variety wdiich is equal 
to Montcalm in grain production and malting quality, but 
has shorter and stiffer straw. MacKey (6) obtained a number 
of the mutant strains from irradiated oats which were earlier 
and produced higher yields than the parental varieties. Simi- 
lar results w^ere obtained with wheat. 

This paper is a more complete report of an earlier publi- 
cation by Frey (2) in which beneficial mutations selected 
from irradiated oats were briefly described. The data pre- 

^ Contribution from the Iowa Agr. Exp. Sta., Ames, Iowa. Jour- 
nal paper No. J-2657. Project 1176. Rec. for publication Dec. 8. 
19M. 

^'Associate Professor of Farm Crops; Agronomy Department, 
Iowa State College, Ames, Iowa. 


seated herein are from only a few of the 6l mutant lines 
tested. The families of lines shown were selected to illus- 
trate the various agronomic mutations obtained. Only the 
agronomic mutations will be discussed since a companion 
paper (3) will deal with the induction of disease resistance 
mutations in the same materials. 

: METHODS AND MATERIALS 


^ Four hundred primary seeds of Huroa variet)' of oats contain- 
ing 9.5 moisture were irradiated with 25,000 r units of X-ray 
and planted in the field in 1950. Mature Xj plants w'ere produced 
from 45 % of the irradiated seeds. Each Xi plant was harvested 
and threshed separately and in 1951 one row containing 25 spaced 
plants was planted from each Xi progeny, resulting in approxi- 
mately 4,500 X‘> plants which were observed for mutations. 
Because of the confounding influence of environment on the 
single plants, it was necessary to save all plants that deviated, 
even slightly, from the parental variety. The Xi progenies were 
sown in plant rows in 1952 and 61 mutant strains which appeared 
to breed true w^ere grown in yield tests at Ames, Iowa in 1953 
and 1954. Plot size was 4 rows wide and 8 feet long with meas- 
urements being taken on the 2 center rows. Coefficients of vari- 
ability for yield in these experiments were 5.0 and 3.5% respec- 
tively, in 1953 and 1954. In each year a rather severe epiphytotic 
t>f oat stem rust, predominantly race 7, developed resulting in a 
confounding of the yielding ability and stem rust reaction of the 
mutant strains. 


EXPERIMENTAL RESULTS 


The most common mutations found in the irradiated mate- 
rial were fatuoids and vine-type plants. The fatuoids were 
discarded in the X 2 generation because they were comraoa 
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in non-radiated mat’CTUiI and the vine-types proved to he 
completeljv sterile. 

The most striking and frecjuent desirable agronomic muta- 
tion in the liTadiated material was one which produced 
shortened straw. This is illustrated in tables 1, 2, 3 and 4. 
The leverage plant height for all 6l selected niutants grown 
in the 2 years was 37 inches as compared to 40 inches , for 
Huron. There seemed to be an. improvement in the lodging 
resistance in the mutant lines which probably was related 
to shortness of straws The average lodging percentage tor 
the mutant strains w'as 43% . w'hile that for Huron vvas 70%. 
These lodging percentages were taken before stem rust was 
serious; resistance to this disease in the mutant strains prob- 
ably did not account for the improved straws strength which 
they exhibited. 

In table 2, data are given for two families'*’ of X-ray 
derived lines which appeared to be segregating for test 
weight. Lines 1, 3, 7, and B in family 2 produced good 

A family was derived from one X-niy treated seed. 


Table L — Mean performance of selected mutant oat strains. 


Glass 

Yield 

Test 

weight 

Lodg- 

ing 

. % 

Head 

date 

Plant 

height 

in. 

(Bu 

/A.)^ 

rLb;/ 

Bu.) 

1953 

1964 

Mutants _ 

49 

89 

26 

43 

June 14 

37 

Huron .. _ .. 

29 

59 

22'' ■ 

70 

June 17 

40 

Clintland™- 

52 

> 96 

31 

15 

June 13 

37 



test weight grain \\Jien cojnp^ired w ith Huron oi' even O ini- 
land varielyr However, line 5 .ueraged I pi.ainds lighter than 
the other strains in spite of the fait that il had I Ik: lowest | 

stem rust ateiheient. Appareiiily there w'as segregation for ^ 

test weight genes withiti family 2 indi'pcndonily ol resi.siance ‘ 

to stem rust This is ascribed to one or mo!\- miR.itiotis in 1 

this family for improved test weight. Interest ingly. all of the 
selections in family 2 were remarkably uniform lor yield. \ 

heading date, and" plant height, but iliere was a sizeable j 

range in lodging percentages, from iipc lor line to 60% ^ 

for line 3. i 

Family number 7 also svUKgiti.d lor tesi weighr wuh line 
2' weighing 30 ■ pounds p^-r huslK-1 wliik- the other three ''■'I, 
lines averaged 24.5 poundN 1 urthermore, line 2 yielded j 

intermediate betw'een die low yielding strains, i and and 1 

the high yielding strain 6. The yield oi the .si rains in this . j 

family -.seemed to be positively related to the stem rust: ■ -, . '1 

coethdents. ■ 

The peirfoniunce data for iamil\- 32 an, j^resented in table : 

3. Three 'of tlie lines yielded somewdiat liigher than Huron 
variety and one, line- 7. wus eKceptionally Ingli in yield. ' yy- 
Ail four selections 'were licavier- in rest weiglir, stii'fer .sfrawed, 
earlier, and shelter than HuriJii variety. 

The mutant oar strains most jm,anising lor slmv. ^ti^f^c^ss i 

are shown in table 4. The average lodging tor these .strains 
wyis 12%5 as compared to for Hurcuw varielyb Three 

of the lines were high yieldi’ng and ofu., was high in test 
weight. Line A746--2-T wsis the ukm- desirable iriurarit' strain .ti'; 
wLen all vigrononuc, characteristics W'cre' iorisidered. since it 
was high in yield and test weiglit, and luvi low lodging 
percentage. Each of die strains listed an tahh. i wa^ resistant 



Table 2,— Agronomic performance of oat selections from families segregating for test weight. 


* Stem rust codi'icieiU is the product of the infection type (read on a 
ered by urrdia. 


Table 3. — Performance of selections in 


Yield (Bu./A.) 


Test 

weight Lodging Head date 

(Lb./bu.) % 


Plant 

height 


Stem 
rust 
(Coef. t 


Selection 


June 15 
June 1:5 
June 15 
June IS 


Huron 


June 17 



Yield (Bu./A.) 

Test 


■ 

Plant 

LtKlging 

■(.%b ^ 

. Stem* 


1953 

1954 

weignr 

(Lb./bu.) 

Heading 

date 

neignt 
n/n.) ■ 

rust 

(.■Coef.) ^ 

A 746-2-1. 

51 

94 

29 

June 14 

■33 ' ■ 

■' - -''25 

.5 


•■57^: 

94 

32 

June 13 

32 ■ 

60 ■ 

10 

■7 -5- 

■■ .■ 57 .-. ■■ 

98 

26 

■June 16 -' 

• 33 . ■ 

. 33 

1 


48 

96 

32 

June 14 

32 

■ 15 : 

3 ' 

■■ ' ' ■ V,.-...,.-., 

52 ■ 7 

92 

31 

June 14/ 

32' ■■ ■. ■■ 

, ■35 . 

0 

AY46-7-2 .....v s. .. : .. 

42 

81 

30 

June 16 


'.oO :,■': 

: -HO' . '■ 

" -4.. _a „ 7„_c J 

34 

73 

■■■‘25. 

June 17 

■ 34 ...i 

■ - ' 87' : ■ i 

■^ '- my 

-5- . - 7: _7. . ..::-:„.7. 7_ .... 1 :7 

34 

69 

.25. ■■ 

June 17 

33 

■.'■:,;7 :25:'' ■„ : 

■ ■ 30 ' 

Y • : 

. 53: 

90 

.- ■ - .: 24,. " 

. June IS ' j 

.33 

. ' c 55 : . 

;.■: ■ 17 ,,:,'"^ 

-Huron ^77 j . c- 

30 

59 

■22 ■ ■ 1 

June 19 

' 37, - 

■ 70 . 

20 

Clintland 

.-..■52-- ■■ 

96 

30 

June 15 

J :.'/■■-.:■ ■ 1 

'^'■.33.4 1 

i ■; 

1 ' : 15 ■ ■- / 

[■( . 10 ' 


' I 


FREV: AGIIONOMIC MirrATlONlS IK OATS INDUCED BY X-RAY TREATMENT 
Table ‘1— Lodging percentages and other agronomic data for stiff strawed oat mutants. 



„ , . 1 Yield 

T.nrlo-JiK, _ . _ 






- - - . 

1953 

1954 

J. 0Sl 

weight 

Heading 

date 

jriant 

height 

preni 

rust 


(%)■ ■ 


(Lb./biiO 


(in.) 

(CoeL) 

A 74B-2-7 

. • • 15 48 

96 

32 

June 14 

32 

3 

A 746-'20--5.„ 

-■ 20 56 

103 

27 

June 16 

33 

1 

A-746-32-6 

10 37 

86 

27 

June 17 

34 

■ 5 

A-746"-55-H 

■ - - .12 .25. 

69 

‘ ^ 28 

June 17 

30 

1 

A“746-55-2..„ : 

: 5 ' 34 

75 

26 

June 17 

30 

5 

A-.746Hn-^7 

: . 12 53 

97 

27 ■ 

June 16 

33 

1 

Huron . - - 

70 30 

59 

22 

June 19 

I 37, ' 

20 

ClintlancL,. 

f. ■: 15 ■ ■■52 

96 

30 ^ 

June 15 

i '33 

! 

10 




to Hieni rust as iiuiiuitcd hy the cOcilicieiits for this disease: 
but this factor did not attecc resistance to lodgin/^ m\cc tlie 
. readings were iiiade before sieni rust was serious,. 

01 special interest are the two lines selected from family 
53 which, in spite of being resistant to stem rust, yielded 
linle mtsre than Huron. Their lodging percentages, wliich 
inciiientally were arrk>ng the low'est for the mutant strains, 
pn>)xtldy ixlk\ted tlK‘ eifed; of sliort straw. A number of 

spaced pLirus Iroin the A7-i6 53-'2 h'ne grown in 1954 fell 

into two groujxs for plant licight, one containing plants about 
2'i inches tall and tlie other containing those about 32 inches 
tali. Tlie shcsri plants had both a reduced number of nodes 
and shorteneil internodes when compared to the parent 
variet)". Tlvc normal number of nodes in a culm of Huron 
oats is about six when grown in the lield, while the culms 
of the short plants in the A”’ 46-"- 5 5-2 line each liad four 
nodes. The three low'er internodes w’cre sery sliort but the 
uppermost internode was approximately ec|iial in length of 
that of Huron. For se^C'r:ll of the sliort plants the straw 
length from the ground surface to the point of head attach- 
ment was 12 indies and the head was 14 inches long. A 
backcrossing program has been started to adtl complete rust 
resistance to the sht,>ri plant, type hiund in A746-55 -2, If an 
oat va.riety with short straw a,/id nortnal lengtdi heads which 
would produce liigli yields could be developed it might 
be possible to fertilize oats hLa\iIv withciut causing exces- 
sive lodging. 

The data presented herein are from onl)' a portion of the 
61 mutant strains selected from the irradiated Huron mate- 
rial. However, the}' are representatic'C. At least 50 of the 
strains are resistant to or segregating for resistance to one 
or more races of stem rust (3), Several of the lines were 
high in test weight atid several yielded 75% more than 
Huron \ariety. It is not proposed that the yield advantage 
of the mutant strains over Huron is due to the mutation of 
yield genes, but more probably to tlie stem rust resistance 
present in the mutant lines. A majority of the selected 
strains were earlier and shorter than Huron. 


DISCUSSION 

The agronomic mutations obtained from X-ray treated 
Huron oat seed and those obtained by other research work- 
ers lead to optimism concerning the possibilities of '‘muta- 
tion breeding ’ in the cereal crops. Probably the most desir- 


able agronomic mutation found was that for shortened straw 
which in turn produced resistance to lodging. Many farmers 
are reluctant to apply the amount of fertilizer, especially 
nitrogen, necessary to produce high oat yields because it is 
apt to cause severe lodging. Siiorter varieties of oats which 
resist lodging might *aid in o\'ercoming this cliiiiculty. Of 
course the most desirable short strawed oat mutant strain 
would be one which retained the desirable agronomic char- 
acteristics of the irradiated variety. 

In spite of the positive results obtained to date there are 
several factors about mutation breeding which point out the 
need for caution in applying this method. First, it is signifi- 
cant that in spite of all of the desirable agronomic mutations 
induced and selected by Sw^edish plant breeders, no small 
grain variety resulting directly from the mutation breeding 
program has yet been released even though certain strains 
wca'e proved superior in productive capacity a decade ago. , 
A number of desirable mutant types are being used in the 
plant breeding program in Sweden, but no mutant strain 
has been released .for commercial production. Second, Mvic- 
Key (6) has reported that radiation-induced mutant strains 
in the polyploid cereal grains may be less stable than those 
selected from hybrid populations. Similar obseiwaitions have 
been made on the oat strains reported herein. It has been 
suggested tliut this unstabiiity may be due to a deiiciency 
duplication. Third, a large share of the induced mutations 
obtained from irradiated Fluron caused gross ciianges in 
more than one morphological or physiological character. This 
may indicate a pattern of plelotropic eifecLs of induced muta- 
tions, a series of simultaneous mutations, or a general mechan- 
ical upsetting of the genotype. If this is common in mutant 
exit strains produced by irradiation, it may preclude the idea 
of improving one or tw^o w^eak characteristics in a variety 
while retaining the status quo for the desirable agronomic 
features of the variety. 

It is the author’s belief that the treating of oats w4th 
mutagenic agents w-ill be most beneficial to the plant breeder 
by increasing the frequency of rare but desirable genes 
through increased mutation rates. This could be advantageous 
in three ways. First, desirable genes wkich arc not present 
in the World Oat Collection and are rare in nature might 
become available for use in plant breeding program. Second, 
genes which are infrequent in the World Oat Collection 
might be induced more or less at will, making it unneces- 
sary to screen this large collection of oats each time a so-called 
new gene is desired. As an example, the World Oat Col- 
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in non-radiated material and the \dne-types proved to be 
completely sterile. 

The most striking and frequent desirable agronomic muta- 
tion in the irradiated material was one which produced 
shortened straw. Til is is illustrated in tables I, 2, 3 and 4. 
The leverage plant height for all 6 1 selected mutants grown 
in the 2 years was 37 inches as compared to 40 inches for 
Huron. There seemed to be an improvement in the lodging 
resistance in the mutant lines which probably was related 
to shortness of straw. The average lodging percentage for 
the mutant strains was 43 while that for Humn was 70%, 
These lodging percentages were taken before stem rust was 
serious; resistance to this disease in the mutant strains prob- 
ably did not account for the improved straw strength which 
they exhibited. 

In table 2, data are given for two families’* of X-ray 
derived lines which appeared to be segregating for test 
weight. Lines 1, 3, 7, and 8 in family 2 produced good 

” A family wus derived from one X-ray treated seed. 


Table 1.- — ^Mean performance of selected mutant oat strains. 


Yield Test 



— weight 

Lodg- 

Head Plant 

Class (Bu./A.) __ 

ing 

date height 

— — ‘ (Lb./ ' 

% 

in. 

1953 1954 Bu.) 



Mutants 49 89 26 

48 

June 14 37 

Huron„y4~ 29 59 22 

76 

June 17 40 

Glintland„™ 52 96 31 

15 

June 13 37 


test weiglit grain when compared \vith Huron or even Glint- 
land variety. Howev er, line 3 averaged 4 pounds lighter than 
the other straitis in spite of the ihcc tliat it had the lowest 
stem rust coefficient. Apparently there was segregation for 
test weight genes witliin family 2 independent])* of resistance 
to stem rust. This is ascribed to one or more mutations in 
this family for improved test weight. Interestingly, all of the 
selections in ihmily 2 were remarkably uniform for yield, 
heading date, and plant height, but there w^as a sizeable 
range in lodging percentages, from for line to 60% 
for line 3> 

Family number 7 also segregated for test weight wdeh line 
2 weighing 30 pounds per bushel w’hiie the other three 
lines averaged 24.5 pounds. Furtheniiore, line 2 yielded 
intennediate betw^een the low yielding strains, 4 and 5, and 
the high yielding strain 6, The yield of the strains in this 
family seemed to be positivefo related to the stem rust 
coetheients. 

The performance data for famifo 32 are presented in table 
3. Three of the lines yielded somew’hat higher than Fluron 
variety and oneg line 7, was exceptionally liigh in yield. 
All four selections were iicavier in test w'eight, stiffer strawed, 
earlier, and shorter than Huron variety. 

The mutant oat strains most promising for straw stiffness 
are shown in table 4. The average lodging for these strains 
was 12% as compared to 70% for Huron variely. Three 
of the lines w'cre high yielding and one was high in test 
weight. Line A746-2 --T was the mast desirable mutant strain 
wlien all agronomic characteristics were consiilered, since it 
was high in yield and test weight, and had low lodging 
percentage. Each of the strains listed in table 4 was resistant 


Table 2.— Agronomic performance of oat selections from families segregating for test weight. 



Yield (Bu./A.) 

Test 


Plant 


stem* 


1953 

1954 

weight 

(Lb./bu.) 

_ 

Heading 

date 

height 

dn.);. 

Lodging 

■/ 1%) . ■ 

rust 

(Coef.) 


oL ■ 

94 

29 

June 14 

^ 33 ' 

25' ' 

5 



94 

32 

June 13 

32 

60 

10 


■ . 57 

98 

26 

June 16 

33 

, 33 

1 

c -7 ■„ 

,48 ■: 

96 

32 

June 14 

■ 32 

' 15 ' ■ 

' 3 

-a........ 

52 

92 

31 

June 14 

32 

. 35 ■ 

2 

A 746-7^-2 4- 

42 4 

81 

30 

June 16 

.36 ■ ■ 1 

, 50 '■ 

10 

-c -4., 

34 

73 

' 25 . 

I June 17 

■4-34Y: 1 

■ ■ 8-7 : 

30 

”5_ -CCC:.' 

34 

69 

^ 25 ' ■ 

June 17 

: 33-: :"■! 

.25.;, 

30 


53 

90 

24 

1 June 16 

: 334 ■ 

. 55 \ 

,, T . 

Huron 

- 30 

59 

' : .■' 22 

June 19 

1 . . ■ , ■ i 

: ; 37,:4. 

■■YO" ' 

20 

Clintland..^ 

■ 52- 

96 

p.-' '■30'"%' 

June 15 

■ 33 ■■ 1 

15 . 1 

10 


Product of the mffctir)n type (read on a -ciile of 0 to L with 1 being fully suscerdible) and the percentage of the plant cov 


Table 3. — ^Performance of selections in family A746-32. 



■ - Test 

weight Lodging Head date 

(Lb./bu.) % 


Plant 

height 

(in.) 


Stem 

rust 

(Coef.) 


Selection 


Huron 










FREY: AGRONOMIC MUTATIONS IN OATS INDUCED BY X-RAY TREATMENT 
Table 4. — Lodging percentages and other agrononiic data for stiff straw ed oat mutants. 





Yield (Bu./A.) 








1953 

1954 

JL G&w 

weight 

Heading 

date 

Jl Xdli w 

height 

k!j wUm 

rust 



1%) 



(Lb./bu.) 


(in.) 

(Goef.) 

A 746-2-7 - 


15 

48 

96 

32 

June 14 

32 

3 

A 746~20-5„^„ . 



20 

56 

103 

27 

June 16 

33 

1 

A-746-32-6 



10 

37 

86 

27 

June 17 

34 

5 

A-746-55-1 


12 

25 

69 

28 

June 17 

30 

1 

A-746-55-2 



5 

34 

75 

26 

June 17 

30 

5 

A-746-61-7„_.... 

- - 

12 

53 

97 

27 ■ 

June 16 

33 

1 

Huron 

- - 1 

70 

30 

59 

22 ■ 

June 19 

37 

20 

ClintlancU - 


15 i 

52 

96 

30 

June 15 

33 

10 

to stem rust as 

indicated by the coetfidents 

for this dis 

ease; a 

bic agronomic mutation 

1 found was tl 

lat for shortened straw 


but this factor did not affect resistance to lodginu; since the 


readings were made before stem rust was serious. 


Of special interest are the two lines selected from family 
35 which, in spite of being resistant to stem rust, yielded 
little more than Huron, Their lodging percentages, which 
incidentally were among the? lowest for the mutant strains, 
probably redected tlie effect of short straw. A number of 
spaced plants from the A7d6““35-”'2 line growar in 1934 fell 
into two groups for plant height, one containing plants about 
24 inches tall and die other containing those about 32 inches 
tail. The short plants had both a reduced number of nodes 
and shortened internodes when compared to the parent 
variety. The normal number of nodes in a culm of Huron 
oats is about six when grown in the field, while the culms 
of the short plants in the A746~~35-2 line each had four 
nodes. The three lower inter nodes were very sliort but the 
uppermost internode was approximately equal in length of 
that of Huron. For several of the short plants the stniw 
length from the ground surface to the point of head attach- 
ment was 12 indies and the head was 14 inches long. A 
backcrossing program has been started to add complete rust 
resistance to the short plant type found in A746-“~33-~2. If an 
oat v.iriety with short straw and normal length heads which 
would produce high yields could be developed it might 
be possible to fertilize oats heavily without causing exces- 


sive lodging. 


The data presented herein are from only a portion of the 
6 T mutant strains selected from the irradiated Huron mate- 
rial. However, they are representati\'e. At least 30 of the 
strains are resistant to or segregating for resistance to one 
or more races of stem rust (3). Several of the lines were 
high in test weight and scn'cral yielded 75% more than 
Huron \'ariety. It is not proposed that the yield advantage 
of the mutant strains over Huron is due to the mutation of 
yield genes, but more probably to the stem rust resistance 
present in the mutant lines. A majority of the selected 
strains were earlier and shorter than Huron. 


DISCUSSION 


The agronomic mutations obtained from X-ray treated 
Huron oat seed and those obtained by other research work- 
ers lead to optimism concerning the possibilities of ''muta- 
tion breeding’' in the cereal crops. Probably the most desir- 


wliidi in turn produced resistance to lodging. Many farmers 
arc reluctant to apply the amount of fertilizer, especially 
iiitrogen, necessary to produce high oat yields because it is 
apt to cause severe lodging. Shorter varieties of oats which 
resist lodging might ‘aid in overcoming this difficulty. Of 
course the most desirable short strawed oat mutant strain 
would be one Which retained the de.sirable agronomic char- 
acteristics of Hie irradiated variety. 

In spite of the positive results obtained to ejate there are 
several factors about mutation breeding which point out the 
need for caution in applying this method. First, it is signifi- 
cant that in spite of all of the desirable agronomic mutations 
induced and selected by Swedish plant breeders, no small 
grain variety resulting directly; from the mutation breeding 
program has yet been released even though certain strains 
were proved superior in productive capacity a decade ago. 
A number of desirable mutant types are being used in the 
plant breeding program in Sweden, but no mutant strain 
has been released for commerdal production. Second, Muc- 
Key (6) has reported that radiation-induced mutant strains 
in the polyploid cereal grains may be less stable than those 
selected from hybrid populations. Similar observations ha\'e 
been made on the exit strains repcirted herein. It has been 
suggested that this unstability may be due to a deficiency 
duplication. Third, a large share of the induced mutations 
obtained from irradiated Huron caused gross changes in 
more than one morphologiGal or physiological character. This 
may indicate a pattern of pleiotropic effects of induced muta- 
tions, a series of simultaneous mutations, or a general mechan- 
ical upsetting of the genotype. If this is common in mutant 
oat strains produced by irradiation, it may preclude the idea 
of impnwfing one or two weak characteristics in a variety 
while retaining the status quo for the desirable agronomic 
features of the variety. 

It is the auHior’s belief that the treating of oats with 
mutagenic agents will be most beneficial to the plant breeder 
by increasing the frequency of rare but desirable genes 
through increased mutation rates. This could be advantageous 
in three ways. First, desirable genes which are not present 
in the World Oat Collection and are rare in nature might 
become available for use in plant breeding program. Second, 
genes which are infrequent in the World Oat Collection 
might be induced more or less at will, making it unneces- 
sary to screen this large collection of oats each time a so-called 
new gene is desired. As an example, the World Oat Col- 
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lection at the present time contains 5,000 strains which 
must be screened for each desired gene. Third, it might be 
possible to cause vari ability in seemingly inflexible charac- 
teristics, e.g., breaking the tight relationship between amino 
acids in certain oat grain proteins. 

SUMMARY 

A number of agrooomicaliy desirable mutant strains of 
oats were isolated from irradiated seed of Huron variety. 
Some were earlier than the parent variety, while others were 
from 4 to 7 inches shorter, and lower in lodging percentage. 
Many of the mutant lines also yielded better than Huron, 
but this may have resulted from induced mutations for stem 
rust resistance instead of improved yielding ability. Several 
lines also were superior in test w^eight independently of the 
reaction to stem rust. 
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Effect of Planting Date on Yield and Other Characteristics 

of Soybeans^ 

James H. Torae and George M. BriggsU 


T he purpose of diis investigate to determine the 
response of soybean varieties differing in maturity when 
planted at several dates. Such information is important for 
making recommendations to growlers and in the interpreta- 
tion of experiments planted at cliffercnt dates. 

Previous studies (2, 3, 5, .6, 8) indicate that generally 
early planting gave maximum seed yield. Feaster ( 3) and 
Osier and Gartter (6) report that early varieties should be 
planted later than late varieties for maximum yields^ whereas 
Weiss^^/4?/. (8) found no significant diflference.s for yield 
among planting dates of early varieties. 

Maturit}^ of late varieties was affected less by late plant™ 
ing than that of genetically earlier varieties (3, 6, 8). Plant 
height was found to decrease with delay in planting (6, 8). 
Weiss et d. (8) report that date of planting had no effect 
on lodging whereas Osier and Cartter (6) found an increase 
in lodging wdth later plantings. Feaster (3) states that 
planting date had little influence on seed quality of late 
varieties. but that seed quality was poorest from early plant- 
ings of early varieties. 

In general a delay in planting resulted in a decrease in 
oil content (2, 3, 4, 6, 7, 8) and an increase in protein 
content (2, 6, 7) and iodine number (2, 3, 6, 8). Weiss 
et (iL (8) found that protein content was not affected by date 
of planting. Cartter and Hopper (1) report that the vari- 
ance for oil and protein content and iodine number contrib- 
uted by varieties was appreciably greater than that due to 
locations or years. 


Contribution from the Department of Agronomy, University 
of Wisconsin, Madison, Wis, Rec. for publication Dec. 11, 1954. 
^ Professor and Pxofes.sor Emeritus of Agronomy respectively, 

' University of Wisconsin, Madison, Wis,; acknowledgment for 
'making all chemical analyses is given the U, S. Regional Soybean 
Laboratory, Urbana, III. 


MATERIALS AND METHODS 

Five varieties, represenfative of the range of maturity grown 
in Wisconsin, were included in the test. Each variety was planted 
on approximately May 10, May 20, June 1 and June 10 each 
year during the 5'year period 1945-1949. All plots were located 
on well drained Miami silt loam .soil of good fertiliity on the 
University of Wisconsin Farms at Madison, Whs. 

The experimental design wa.s. a split-plot with four replicates 
in which dates of planting were Whole- plots and varieties sub- 
plots. Each sub-plot consisted of a single L8-foot nm’- .spaced 
3 feet from the adjacent sub-plot. Border rows were Included 
between each \yhole-pIot. The middle 16 feet of each sub-plot 
was harvested for seed yield. Data were obtained on each repli- 
cate for agronomic characters, and from a composite of equal 
proportions from all replicates for the chemical determinations. 

The following characters were studied: seed yield, days from 
emergence to maturity, plant height, lodging index, seed quality 
index, percentage of oil and protein in the bean, and iodine 
number of the oil. Date of maturity was when 95% of the pod.s 
were ripe. Height was the length of the plant from the ground 
to the top of the stem at maturity. Lodging was scored on a 
.scale of 1 (erect) to 5 (prostrate) and seed quality on a scale 
of 1 (very good) to 5 (very poor). The chemical analysis \vere 
made by the U. S. Regional Soybean Laboratory at Urbana, III. 

EXPERIMENTAL RESULTS AND DISCUSSION 

The seed yield ia bushels per aerc, oil percentage, pro- 
teia percentage and iodine nuniber of the oil are presented in 
tables 1 to 4 respectively. Days from emergence to maturity, 
lodging index, plant height and seed quality for each vari- 
ety at each date of planting averaged for all years are given 
ill table 5. The coefficients of variation shown in tables 1 
to 5 are the three factor interactions, varieties X dates X 
years expressed in percent of the general mean. 

Large differences in seed yield were found among vari- 
eties, dates and years. The overall interaction of varieties 
and dates was not significant. However, a significant inter- 
action with dates was indicated when the average of the 


TORRIE AND BRIGGS: EFFECT OF PLANTING DATE ON YIELD OF SOYBEANS 


Table L—Seed yield of 5 varieties of soybeans planted on 4 
dates for 5 years, t945”-49* at Madison, Wis, 


Table 2.— Oil content of seed of 5 varieties of soybeans planted 
on 4 dates for 5 years, 1945-1949, at Madison, Wis. 


Dato planted 


Yields in bushels per 

acre* 




Oil content, %* 




1945 

1946 

1947 1948 

1949 

Mean 

Date planted 

1945 

1946 

1947 I 1948 

1949 

Mean 

May 10, — 

23.4 

19.1 

Flambeau 
22.2 12.9 

16.6 

19.0 

May 10 

18.5 

20.1 

Flambeau 
20.7 17.5 

17.9 

18.9 

May 20 - 

23.8 

19.5 

20.8 14.7 

25.3 

20.8 

May 20 

18.8 

20.7 

20.3 17.8 

18.8 

19.2 

June 1 

25.8 

19.3 

19.3 14.4 

23.1 

20,4 

June 1 „ 

18.7 

19.8 

20.1 18.4 

18.3 

19.1 

June 10 

23.9 

16.7 

15.7 13.7 

20.6 

18.1 

June 10 „ 

18.4 

19.4 

21.2 18.5 

18.1 

19.1 

May 10,,..,.,— 

28.5 

22.1 

Mandarin 507 
23.5 17.4 

19.8 

22.3 

May 10- 

17.8 

18.9 

Mandarin 507 
20.5 17.4 

17,3 

18.4 

May 20 

32.3 

20.0 

22.6 17.6 

21.6 

22.8 

May 20 _ 

17.7 

19.3 

20.3 17.3 

17.1 

18.3 

June 1 

30.2 

21.1 

21.5 16.7 

27.4 

23.4 

June 1, , 

17.9 

19.0 

20.0 17.3 

17.2 

18.3 

June 10 - 

32.4 

18.5 

20.7 15.4 

28.9 

23.2 

June 10,., 

17.5 

19.6 

19.9 17.3 

17.8 

18.4 

May 10 

34.2 

26.1 

Manchu 606 
28.1 21.3 

; 28.3 

27.6 

May 10 

20.2 

22.0 

Manchu 606 
22.5 20.0 

19.7 

20.9 

May 20 

37.0 

26.2 

28.3 18.4 

: 31.9 

28.4 

May20.._ 

19.9 

21.3 

22.4 19.4 

19.1 

20.4 

June 1 

34,6 

24.2 ' 

25.4 17.6 

1 35.0 

27.4 

June 

19.3 

20.5 

21.8 19.2 

19.4 

20.0 

June 10 - - - 

33.5 

22,3 

24.3 17.3 

i 34.0 

26.3 

June 10„ 

19.1 

20.1 

21.4 19.6 

19.4 

19.9 

May 10 , 

33.6 

24.9 

Manchu 3 
28.3 20.5 

25,9 1 

26.6 

May 10 _ 

19.9 

21.6 

Manchu 3 
22.4 19.7 

19.5 

20.6 

May 20 

1 37.1 

: 23.6 

28.4 17.7 

30.3 

27.4 

May. 20 ... 

19.8 

21.0 

22.3 19.4 

19.6 

20.4 

June 1 - , 

27.9 

1 24.4 

23.8 18.9 

28.4 

24.7 

June l- ._ . 

19.5 

20.6 

21.8 19.1 

19.3 

20.1 

June 10 

30. 8 

'21.5 

23.0 18.4 

33.5 

25.4 

June 10 L . 

19.5 

19.9 

21.3 19.1 

19.1 

19.8 

May 10 ■ ■ 

39.4 

26.0 

Mukden 4 
21.8 19.4 

32.3 

27.8 . 

May 10 

19.6 

19.7 

Mukden 4 
20.9 19.3 

! 19.5 

1 19-8 

May 20 

36.3 

26.1 

27,8 17.9 

37.0 

29.0 

MaV 20 

19.4 

19.7 

20.7 19.4 

! 19.4 

19.7 

June 1 

29.4 

23.1 

24.2 19.6 

38.3 

26.9 

June 1 

19.1 

19.2 

20.4 19.4 

; 19.4 

19.5 

June 10 , „ - 7. : , 

28.5 

I 21.2 

23.5 15.5 

34.7 

24.7 

June 10 . ... ^ „ 

18.7 

18.8 

20.2 18.2 

■ 19.. 5 

19.1 


OM'ftlclent of variation 


" Coefficient of variation 


two early varieties, Flambeau and Mandarin 507, was com- 
pared with the average of die three late varieties. Small 
differences in yield occurred among dates for the two early 
varieties, whereas a gradual decrease in yield resulted after 
the May 20 planting for the three later maturing varieties. 
This agrees with the results reported by Weiss el al, (8). 

Differences among varieties for oil content of the seed 
were not consistent for different dates of planting and years. 
The oil content of Flambeau and Mandarin 307 showed no 
significant difference between dates whereas for the three 
later varieties a small but progressive decrease occurred in 
oil content with delayed planting. The range in oil con- 
tent between years within a variety averaged over all dates 
was approximately 1 .50^ for Mukden and 2.5^7* for the 
other varieties. The differentiar response in oil content of 
varieties to different seasonal effects is in general agreement 
with previous results (3, 6, 8). 

Large differences were found among \arieties and years 
for protein content of the seed whereas among planting 
dates the differences were negligible. Differences among vari- 
eties were consistent for planting dates but not for years. 
These results are similar to these reported by Weiss et d, 
(8). The average protein content was highest for the May 10 
planting in 1949, for the May 20 planting in 1945, for the 
June 1 planting in 1947 and 1948, and at the June 10 
planting in 1946. The large variety X interaction is 
largely clue to the difference in protein content of Flambeau 
and Mandarin 507 as comparecl to the other varieties; this 
difference was greater in 1948 and 1949 than in the other 
years. 

Significant differences were found in the iodine number 
of the oil for varieties, years, and dates. The inaease in 
iodine number with later plantings was consistent for all 
varieties. Differences among varieties averaged over all dates 
were not consistent from year to year. The results of other 


Table 3.— Protein content of seed of 5 varieties of soybeans 
planted on 4 dates for 5 years, 1945-1949, at Madison, Wis. 




Protein contentj ‘ 

or * 

/o , 



1945 

1946 

1947 

1948 

1949 

Mean 

May 10--- 

! 42.6 

41.0 

Flambeau 
! 40,2 1 46.3 1 

45.6 

1 43.1 

May 20 ; - . 

! 42.2 

41 .0 

40.9 

46.3 

44.7 

1 43.0 

June 1- 

^ 41.8 

42.5 

41.8 

46.6 

45.0 

1 43.5 

June 10 - - . - - - 

43.0 

42.1 

40.0 

45.9 

44.7 

1,43.1 

May 10 - - . - - 

44.4 

43.7 

Mandarin 507 
40.4 1 47.3 1 

47.2 

; 44.6 

May 20 

45.1 

43,7 

40.5 

46.9 

46.1 

44,5 

June 1 .. - . 

45.1 

43.5 

41.3 1 

47 .4 J 

46.2 

44.7 

June 10 . .. - - - . . 

44.9 

42.9 

41.6 

47 .4 

44.9 

44.3 

Mav 10 , „ . - 

40.6! 

'38.6| 

Manchu 606 
138. 4 I 42.3 1 

41.8 

40.3 

May 20... 

i- 41.91 

39.2 ! 

39.1 ! 

43.8 i 

42.0 ! 

41.2 

June 1 . 

41.2 

40.4 

40.1 

44.5 

41.3 

41.5 

June 10 - . . 

41.9 

40.1 

40.5 

43.3 

40.0 

41.3 

May 10 - - 

i 39,0 

39.0 

Manchu 3 

1 88.6 1 48.1 

41.6 

40.2 

May 20 I 

41.2 

39.1 

39.3 

43.8 

41.5 

41.0 

June 1 - - - - . 1 

! 38,0 

42.2 

38.4 

44.1 

40.9 

40.1 

June 10,, 

:39-.2 

40,1 

40.6 

43.0 

.39.5 

40.5 

May 10- . - - - 

40.1 

41.9 

Mukden 4 

1 41.1 i 45.1 

42.1 

42.1 

:May20-l- 

41.5 

41,1 

41.3 

44.9 

39.1 

41.6 

June-: - 

39.9 

42.2 

42.1 

44.2 

42.0 

42.1 

June 10 

40.5 

42.6 

40.6 

43.7 

41.2 

41.7 


* Coefficient of variation = 1.5%. 

studies (2, 3, 6, 8) indicate an increase in iodine number 
with later plantings. However, Feaster (3) and Osier and 
Cartter (6) found that differences among varieties were not 
consistent, whereas Weiss et d, (8) report for three of four 
tests consistent differences among varieties. 
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Table 4.— Iodine number of oil of 5 vaneties of soybeans 
planted on 4 dates for 5 years, 1945-1949, 
at Madison, Wis. 





Iodine number 



planted 

1945 

1946 

1947 1948 

1949 

Mean 

May 10 

132,3 

127.7 

Flambeau 
125.2 120.9 

122.6 

125.7 

May 20 _ _ 

132.6 

129.7 

124,3 122.6 

125.4 

126.9 

June 

138.2 

129.8 

122.3 122.8 

124,1 

126.5 

June 10, 

131.2 

131.6 

126.9 126.5 

128.3 

128.7 

May 10„ - , 

134.0 

134.0 

Mandarin 507 
126.9 125.2 

128,6 

129.7 

May 20, „ , 

133.7 

131.7 

126.3 126,5 ' 

130.0 

129.6 

June 1 

133,0 

132.6 

127.8 126.6 ' 

129.4 

129.9 

June 10 

133.8 

132.1 

130.9 129.3 

182.0 

131.6 

May 10 , - , 

1133.4 

1 132.9 

Manchu 606 
128.0 127.6 

131.7 

130.7 

May 20 

133,7 

133.0 

128,3 129,4 

131.2 

131.1 

June 1 

136.0 

132,7 

128.0 129.3 

133.9 

132.0 

June 10., .. „ 

136.8 

135.9 

130.2 130.4 

1 135.0 

133,7 

May lO: ..., 

135.8 

132.1 

Manebu 3 
126.9 127.6 

131.4 

130.8 

May 20 . . 

134.5 

132.6 

128.6 129,2 

132.1 

131.4 

June 1- 

137.6 

133.4 

129.1 129.9 

134.0 

132,8 

June 10 . .. 

138.3 

136.0 

131.0 130.3 

134,7 

134.1 

May 10 - . „ 

133.3 

131.1 

Mukden 4 
127.5 125.3 

129.9 

129.4 

May 20 - - - 

133.5 

132.1 

126.4 126.4 

130.0 

129.7 

June lc„ „ 

186.1 

132.9 

126.5 126.5 

132.2 

130.8 

June 10 

136.9 

133.6 

128.7 130.2 

133.2 

132.5 


Coi'lficient of variatioiv ™ O.S%.; 


Table 5.*— Average for the 5 years, 1945-1949, of days from 
emergeiiee to maturity, lodging index, height in inches 
and seed quality of 5 soybean varieties, planted on 
4 dates at Madison, Wis. 


Date 

planted 

Days from 
emergence 
to maturity 

Lodging 

index 

Height 
in inches 

Seed 

quality 



Flambeau 


May 10. __ 

100 

2.0 

i 30 

2.2 

Mav 20 . .. 

94 1 

1.9 

1 28 

2,2 

June 1 

90 : 

2.0 

( 28 

2.0 

June 10 

i 86 ! 

1.9 

i 26 

1.8 



Mandarin 507 


May 10 

107 

2.0 

: 34 

2.0 

May 20_ __ 

101 

1.7 

33 

2.0 

June 1 _ .. „ 

96 

2.0 

32 

1.6 

June 10 

92 

1.9 

32 

1.8 



Manchu 606 


May 10 

116 

2.4 

33 

1.8 

May 20 

107 

2.6 

33 

2.0 

June 1 . .. 

104 

2.7 

31 

1.4 

June 10 - - 

99 

3.1 

30 

1.4 



Mant 

?hu 3 


May 10 7. _ 

118 

3.1 

39 

1.8 

May 20. 

112 

3.2 

■ 38 : 

1.4 

June 1 

106 

' 3.5 ' 

37 

1.2 

June 10 

102 

t ' 3.4 

36 

1.6 



Mukden 4 


May 10 .. 

128 

3.0 

42 

1.0 

May 20 _ 

121 

3,1 

40 

1.0 

June 1 .. - - 

115 

3.3, 

39 

1.2 

June 10., y 

111 

r,.: . 3;i'' 

37 

■ ■ 1.4 

^ Coeffu’ient 





of variation 


■■ IS. 4%- 

4.0',;. 



Maturity was retarded approximately 1 day for each 2 
days delay in planting. This was consistent for all varieties 
which does not agree with other data (5, 6, 8) where matu- 
rity date of late varieties was found to be less affected by 
a delay in. planting than that of early varieties. 

Date of planting had no effect on lodging. Differences 
among varieties for lodging were consistent between dates. 
This was also reported by Weiss e/ r//. (8). In general, maxi- 
mum plant lieight was obtained at the first planting date 
with a progrcsshx^ decrease vvith delay in planting. Differ- 
ences among varieties for height were consistent among 
dates. The bindings on plant height are similar with previous 
results (6, 8) . Seed cpality tended to be better for all vari- 
eties except Mukden, at the Liter dates of planting. 

. SUMMARY 

Effect of planting at four dates on agronomic and chemical 
characters of five varieties of soybeans was studied at Madi- 
son, Wis., during 1945-1949. 

Planting date had little effect on the yield of early varieties 
whereas for late varieties yield tended to decrease with plant- 
ings made after May 20. 

Oil content of .Flambeau and Mandarin 507 were not 
affected by planting date while for the later maturing vari- 
eties a progressive decrease occurred with later plantings. 

Protein content showed no tendenq^ to decrease with delay 
in planting. 


An increase in iodine number, which was consistent for 
all varieties, ocairred with delay in planting. 



Maturity date for all \arieties was retarded approximately 
1 day for each 2 days delay in planting. 

Date of planting had no effect on lodging, 

Maximunv plant height occurred at the first planting date 
and decreased consistently for all varieties with later 
plantings. 

Seed quality tended to be better at the later planting dates 
for all varieties save Mukden. 
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Plant Nutrient Competition Between Weeds and Corn' 


Jonas Vengris, William G. Colby, and Mack Drake" 


R ECdiNTLY the idea has been ad\'anced that clean ciilti- 
^vation of lieid corn is not necessary and perhaps not 
even desirable (2, 3, 6). Proponents of growing com with- 
out cultivating, point out that the accompanying weed growth 
controls soil erosion and adds additional organic matter to 
the soil. By using a specially designed mulch planter, the 
usual operations in seedbed preparation of plowing, discing, 
and harrowing are eliminated. Althougii heavier rates of 
fertilization are rec|uired to supply the nutritional require- 
ments of both the corn and the weeds, the additional cost 
of the fertilizer is more tlian offset by savings made in elimi- 
nating certain tillage operations. 

Thus far, few investigations have been carried out to 
measure the added requirements of weeds for essential nutri- 


ents its well as for irioisture, when growing in association 


with corn plants. Previous investigations by the authors (3) 
concerning the extent to which common weeds compete with 
cultural plants tor essential plant nutrients, raised serious 
doubts in their minds about the possibilit}^ to say nothing 
of the practicability, of meeting the nutritive recpirements 
of cultural plants growing in association with weeds simj^ly 
by the addition of more fertilizer. The objective of these 
experiments was to gather some quantitative data relative 
to this point, particularly with regard to varying rates of 
phosphate fertilization. 


METHODS AND MATERIALS 


Field pita experiments were conducted on a Merriraac sandy 
loam soil in 1952 and 1953. Twenty-five years agt» that field 
had been used for tobacco, hut since that time it had been used 
fur hay and pasture with the addition of little or no lime or fer- 
tilizer. Consequently, the soil reaction was acid, and the soil was 
low in available fertility. Fixed phosphorus, however, measured 
by the citric acid method (I) was high, i.e., 2,000 pounds per 
acre of fixed PnOr,. The soil was comparatively free of common 
arable land weeds, 

A randomized block design was used with phosphate fertilizer 
as the fertilizer variable. Superphosphate (20%) was applied at 
rates of 0, 50, and 200 Ihs. per acre of Prior to planting, 

150 lbs. of nitrogen as ammonium nitrate and 150 lbs. of potash 
as muriate, both at the acre rate, were uniformly applied. An 
additional side dressing application of 50 lbs. each of N and 
KjO was made a month after planting. Lime as ground limestone 
w^as applied uniformly to raise the soil pH to 6.2. 

'Fhree common fieki weeds, pigweed { Amiimnihus reirojlexus) , 
crab-grass (Digiiitrhi sjn^iHhhtlis) , and barnyard grass (Ech'inochlod 
cri/sgallJ) and corn waa'e all grown in pure culture, and a mix- 
Pare of the weed species and corn was 'grown in plots variously 
fertilized with superphosphate as previously described. All weeds 
were seeded in rows 20 inches apart, each thinned to a uniform 
stand. Corn was drilled 10 inches apart in rows 3 feet apart. 

In the corn-with-wceds plots, a mixture of seeds of 3 weed 
species was broadcast in a band 15 inches wide directly over the 
a>rn row. These plots w^ere cultivated, but the weeds surround- 
ing the corn plants w^ere permitted to grow'. In the 1953 experi- 
ments carried out on a new section of the field, lamb’s-quarters 
(Chenopodium edhim) replaced barnyard grass. 

Plant samples for chemical analyses w'ere taken about a month 
after emergence and again at harvest time. Corn was harvested 
when the kernels were in the dougli stage, and w'eeds W'ere har- 
vested when 50 to 60% of the seeds were mature. 


‘Contribution No. 978, Massachusetts Agr, Exp. Sta,, University 
of Massachusetts, Amherst. Kec. for publication Dec, 13,. 1954, 
^Assistant Professor of Agronomy; Head of Agronomy Depart- 
ment; and Professor of Chemi.stry, respectively. University of 
Massachusetts, 


RESULTS AND DISCUSSION 


Responses to phosphate fertilization by all species were 
most evident in the seedling stage. In 1932, corn on the 
high phosphate plots 30 days after emergence was 10 to 15% 
taller than corn on the low phosphate plots. Weed species, 
too, responded to phosphate fertilization, with pigweed show- 
ing the greatest response followed by barnyard grass and 
lamb s-qiiarters. Subsequent yields of dry matter also indicated 
that each species responded to phosphate fertilization, with 
pigweed again showing the greatest response (tables 1 
and 2), 

In 1952, both corn grown alone and corn with weeds 
responded to phosphate fertilization. However, the relative 
yields of corn grown with weeds were signilicantly lower than 
those of corn grown alone. This was true for all levels 
of phosphate fertilization. In fact, the relative yields of corn 
grown with weeds fertilized with 200 lbs. of PoO, per acre 
were lower than those of corn growi^j^ alone with no phosphate 
fertilization. Since all plots were liberally fertilized with nitro- 
gen and potassium, these results strongly suggest the imprac- 
ticability or even the impossibility of maintaining corn yields 
in the presence of weeds by simply increasing the rate of 
fertilization. 

In 1933, responses by all species to phosphate fertilization 
were more pronounced than in 1932, Pigweed plants, for 
example, on the low phosphate plots were short, lacked vigor, 
and generally perished. On plots fertilized with 30 lbs. and 
200 lbs. of per acre, pigweed plants grew well and 

evxaitually produced good yields of dry matter (table 2). 
The most striking results obtained in 1933 were those from 
the corn-with-weeds plots. Here, the best yields of corn 
were made on the low phosphate plots. Contrary to the 
results obtained in 1952, as the rate of phosphate fertili- 
zation increased, the yield of corn decreased (figure I ) . This 
is explained by tiie fact that weeds on the low phosphate 
plots failed to establish, thus leaving the corn with little 
competition, not only for phosphorus but also for other 
nutrient elements and moisture. The moisture factor was 
probably particularly important because the 1933 growing 
season was abnormally dry. These results empliasize the 
importance of available phosphorus in the soil for plants in 
the seedling stage. They also show that plant species differ 
markedly in their ability to obtain essential phosphorus from 
soils low in easily available forms of that element. 

The following explanation is suggested to explain the 
difference in the results for the 2 years. In the first place, 
weather conditions were markedly different (.figure 2). Rain- 
fall in 1952 was normal or above throughout most of the 
growing season. Rainfall in 1953, in contrast, was abnormally 
low for the months of June, July, and August. Furthermore, 
there were dilferences in the manner in whicli seedbed prepa- 
ration was carried out in each year. In 1932, the soil was 
plowed and limed a year in advance of planting. A nitrogen 
fertilizer was applied to speed up the decomposition of the 
old sod. It is reasonable to , suggest that the breakdown of 
organic matter during the year prior to planting released a 
significant quantity of 'Tixed'’ soil phosphorus (4). Hence, 
responses of corn, for example, to phosphate fertilization were 
not pronounced. , . . . . 


f' 
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Table L— Relative yields and phosphorus content of corn grown alone and corn grown with weeds variously treated 
with phosphate fertilizers. (Plots received 2()0/lb. A. N and 200 Ih./A. Ki.0). 


Year 

■ ! 

Treatments 

Relative corn yields 

Phosphorus content of dry matter 

Ik ' A T> A 



Youngt 

1 Early maturity t 


ID./ A. X r, 

Alone 

wiwi weecib 

Alone 

With weeds 

Alone 

1 With weeds 

1952 ' J 

‘ ■ ■ 0 ■ 

1 100 

ei 

0.27 

0.25 

! 0.21 

1 0.21 


50 

112 

77 

0.26 

i 0.22 

0.22 

0.23 


I 200 

109 

84 

0,27 

0.26 

0.23 

0.23 



1 . 

0 

100 

95 

0.24 

0.25 

0.13 

0.12 


' 50 

136 

56* 

0.26 

0.25 

0.15 

0.13 


200 

■' ■ ■ ■ 

133 

68* 

O.-Sl'* 

0.25 

1 

0.17 

0.16 


^^Significant in comparison wth zero ILO. {reatment at 5% level, 
t Stage of growth. 

Table 2, — Relative yields and phosphorus content of different weeds grown alone and grown with corn variously treated 
with phosphate fertilizers. (Plots received 200/lb. A. N and 200 lb,/A. KA3). 


Treatment 

Relative 

yieldvS 

Phosphorus content of dry matter* 

X Ictilb - 

1h M P..n- 


Youngt 

Early maturity f 


alone 

Alone 

With corn 

Alone 

With corn 

■Pigweed „ _ _ ... .. ... „ .... ■„ ... - . 0 

100 

0,30 

0,25 

0.22 

0.22 

' • ■ 50 ■ 

154* 

0.31 

0.30 

0.21 

0.21 

200 

187** 

0.42* 

0,38* 

0.26* 

0.26* 

Lamb's-quarterst-.-. 0 

100 

0.34 

0,33 

0.11 

0.11 

,50 

115* 

0.37 

0.32 

0.13 

0.13 

■■■ 200-, , 

139* 

0V44* 

0.37* 

0,18* 

0.20* 

Crab-grass_-_ „ . - .. . .. :. - „ . . .. 0 

100 

0,28 ' 

0.26 

0.19 

0.17 

■■ 50 ■■■■ 

no 

0,28 

0.27 

0.19 

0.18 

- 200 

138* 

0.34* 

0.30 

0.20 

0.20 

Barnyard grass _ 0 

100 

0.22 

0.24 

0.15 

0.15 

■ 50 ■■•■■■■ 

112 

0.24 

0.23 

0.15 

0.15 

■ 200 ■: 

124* 

0.30 

0.23 

0.15 

0.16 


* Significant at 5% level in comparison with zero 1*^.0- treatment. 

^^Significant at 1% level in comparison with zero PyO. treatment, 
t Stage of growth, 
i One year’s data only. 

Table 3. — ^Nitrogen, potassium, calcium, and magnesium content of corn and weeds. (Air-dry basis. Plots received 200 Ib./A, N, 

200 lb, /A. Pij0.i, 200 ib./A, KijO, Data are averages of 1952 and 1955.) 


Young 


Corn, alone 

Corn with weeds . 


Pigweed, alone 

Pigweed with corn- 


Lamb^s-quarters, alone t 

Lamh's-quarters, with cornf^ - - 

Crab-grass, alpne 

Crab-grass with corn 


Barnyard grass, alone t 

Barnyard grass, with cornt- 


%' 1 

- K 

oz:' ■■ 

: 

Ca % 

Mg 

% 

Early 


Early 


Early 


Early 

maturity 

Young 

maturity 

Young 

maturity 

Young 

maturity 

1.44 

4.02 

0.90 

0.40 

0.17 

0.43 

0.27 

1.38 

3.08** 

0.70* 

0.42 

0.20 

0.57* 

0.36* 

2.45 

4.33 

1.80 

1.94 

0.76 

1.90 

1.01 

2.52 

■ 1 

4.05 

2.42* 

1.87 

0.62 

1.78 

0.93 

2.66 ! 

3.92 

2.00 

1.55 

0.70 

1.68 

0.77 

2.64 1 

4.01 

2.50* 

1.43 

0.75 

1 1.59 

0.75 

2.11 

3.96 

1.98 

0,50 

0.34 

0.86 

0.92 

2.09 

4.17 

1.80 

0.42 

■/....■.o/as..:.;;: 

.■0::83: :'- ' 

0.96 

1.56 

2.96 

0.98 

0.77 

; -■^0.82, 

! 1.15 

1.07 

1.51 

2.88 

0.87 

0.64 


1 1.04 

1 ■■ 

1.24 






1 . . 



'v , * Si^ificant at S% level in comparison with grown alone, 
Significant at 1% level In comparison with grown alone, 
•t One year’s data only. 


ill#!: 



Fig. 1.— In the test plot of corn, left, which received 50 lbs. PaOr, pec acre, corn is suppressed because weeds were able to establish and 

compete strongly for moisture and nutrients. In the plot at the right, which received no PaOr. treatment, corn growth is normal, and 

the stand of weeds is pt>or. 

In 1953, the land was plowed late in the fall prior to 
spring planting. Some lime was applied in the fall and an 
additional t{uantity applied the following spring. No nitrogen 
fertilizer was used to speed up the decomposition of the old 
sod. Under these circumstances, there was little opportunity 
for decomposing organic matter to release ‘'fixed” soil phos- 
phoms prior to planting time. The abnormally dry weather 
later also was undoubtedly a factor that inlfcnced plant 
growth. 

Chemical analyses for phosphorus content of the dry mat- 
ter reveal certain significant results (table 2). As might be 
expected, all plants in the young stage of growth are sub- 
stantially higher in phosphorus content than plants approach- 
ing maturity. Additional evidence was obtained to show 
that plant species differ in tlieir feeding power for soil phos- 
phorus and also in their response to phosphate fertilization. 

Although the pho.sphorus content of corn varied only slightly 
with increased rates of phosphate fertilizer, the phosphorus 
content of pigweed, lamb’s-c|iurters, and even crab-grass 
increased, substantially as the rate of phosphate fertilization 
was mcreased. 

Although the only fertilizer variable in these experiments 
was phosphorus, chemical analyses for N, K, Ca, and Mg 
(table 5) show rather wide differences in plant composi- 
tion between corn grown alone and corn growm with weeds. 

Corn grown with weeds was significantly lower in nitrogen 
and potassium, particularly in the young plant stage of 
growth. This occurred notwithstanding the fact that all plots 
were liberally fertilized with nitrogen (200 lbs. N per acre) 
and potash (200 lbs, K^O per acre). Apparently, even, at 
these high rates of fertilization, weeds competed strongly 
with corn for all essential plant nutrients. 

Relative values for yield and total uptake of nutrients b)’ 
corn grown alone and corn grown with weeds show striking 
differences (table 4). Corn grown with weeds took up only 
47% as much K, 58%' as much N, yet produced 63% as 
much dry matter as corn alone. Table 4 also demonstrates the 
strong feeding power of some common weeds for potassium, 
nitrogen, calcium and magnesium. 


Fig. 2. — Riunfail for the 1952 and 1953 
Amherst, Mass. 


season 


Table 4. — Comparison of relative yields and plant nutrient 
uptake by corn alone, corn with weeds, and different weeds 
grown alone. (Corn growm alone = 100. Plots received 
200 Ib./A. N, 200 Ib./A, PuO.i, and 200 Ib./A. K,0. 

Data are averages of 1952 and 1953.) 


Relative nutrient uptake 
(Corn = 100) 


Plant 


Yields 


Corn, aIone_- 

Corn, with weeds 

Pigweed 

Lamb ’s-quarters* 

Crab-grass 

Barnyard grass*,. 
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SUMMARY AND CONCLUSIONS 


grown with certain coimnon 
weeds, and weeds grown alone responded to phosphate fer- 
fesponses were most pronounced in the seedling 


2. Certain species, particularly pigweed, responded greatly 
to phosphate fertilisation. In 19x3, pigweed plants on low 
phosphate plots were weak and failed to grow, and many 
eventually died, Lamb’s^cpiarters also grew poorly. Because 
me weeds in this experiment grew poorly in 1953 at low 
r levels, corn with w^eeds on the low P plots grew much 
better and produced much better yields than corn growm 
with weeds on plots receiving phosphate fertilizer. 

3. Even at high rates of fertilization with nitrogen, phos- 
phorus, and potassium fertilizers, weeds competed strongly 


for essential nutrients^ suppressed the growth of corn, and 
resulted in decreased yields of corn. The feasibility of main- 
taining liigh corn yields in the presence of competing weeds 
by increasing rates of fertilization is strongly e[uestioned. 
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Flowering Habit of Alfalfa Clones During the 
First and Second Growth' 

J. T. Medler, M. A. Massengak% and M. Barrow" 


dowering habit of alfalfa would 
‘ipl^ar to be hmdamental to seed production research, since 
pweimg precedes the other complex mechan isms that lead 
to they seed harvest Preliminary observations of plants in 
reeding nurseries at Madison, \Vis., suggested that inherent 
^ 1 leienLes in flowering habit existed, provided that sucking 
insects such as; the tarnished plant hig^ 

( bay J me alfalfa plant bug, edr/ Imeolatns (Goeze) , 

t f ^^afhopper , Empoasm fahae ( Harri s ) were 

controlied. It was not known if the node at which the first 
ower appeared on the stem was a stable and signiflcant 

plant, dr if it were variable 
accoiding to environmental factors. Therefore, the experi- 
inent I'epertecl here \vas desigried to study the noelal location 
01 the iirst flowering rachis in different plants during the 
hrst and second growth. 


: . METHOD 

^ parent plants of different geneth 

F-irm' koni R field nurscry Jit tile University Hil 

KarF ’ anted into pots in a greenhouse, and dippec 

sufficient regrowth had occurred, 5 stems, having a; 
frnm X ■ of nodos as possible, were selectee 
from plants. In December, cuttings were madt 

Abont t>f/each stem and propagated in .sand in flats, 

nf I were obtained from a stem. The sequence 

raroAiUv ^tem was 

After roots, had developed, the cuttings 

rbom 6 fnH ^ were 

rnld were moved from the greenhouse to a 

nn Lint transplanted into a field nursery 

of tho Lrti ^'^ted that the cutting from one 

tn ^ largely died out, and it was necessary 

^ ^ ^^(periment with only nine clones, 

Departments of Agronomy and Entomology, 
msconZ Published with approval of the Direct^: 

^ m Agr. Exp, Sta. Rec, for publication Dec. 23, 1954. 

Research Assistant, and former Research 
sity of wAonsijTadisM. Entomology, Univer- 
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The young plants were spaced at 6-mch intctwals in rows 
24 inches apart and 21 feet long. The plant propagated from the 
lowest node of stem 1, clone 1, was the first in the rc»w; the 
plant from the next lowest node was .second, etc., so that all of 
the plants propagated from stem 1, clone 1, were arranged in 
the row in the same sequence as the nodes on the stem from 
which they were propagated, lliis procedure was repeated with 
the plants propagated from stem 1 of clones 2 to 9, and all 
considered to be replicate L In replicates 2 to 5, the locations of 
the 9 ciones were randomized but the node to node sequence of 
cuttings within a clone was maintained. The nursery rows were 
planted in a S shaped pattern, giving in eflect a continuous 
row throughout 

Control of .sucking and other harmful insects was carried on 
throughout the growing season with applications of DDT, dieklrin, 

or other appropriate insecticides. Weeds were kept down by 
cultivation and hand weeding. 

When flowers began to appear on the plants, the first raceme 
on each of three stems from each individual plant in the nursery 
was recorded. This reading was obtained bv counting the nodes 
from the first dis the ba.se of the stem up to the 

node where the first raceme appeared. After readings were obtained 
in the first growth, the plants were clipped. After the readings 
w?ere completed in: the .second growth, the plants were a^ain 
dipped, but the fall regrowth remained on the plants for winter 
protection. 

The flower counts were made in the first growth periods of 
early August 1951- June 30 to July 2, 1952; Fune 16 to 19, 

1953; and second growth periods of early Sep teniber 1951; Aug! 

7 to 18, 1952; and July 28 to 29, 1953. 

RESULTS ' 

A certain amount of plant mortality occurred during the 
expel iment, which made it impossible to maintain unbroken 
.series in all five replicates of a clone, A preliminary inspec- ' 

tion of the data showed that complete series could be obtained 
by dropping one replicate and eliminating some basal and/or 
terminal nodes. In the statistical analysis of data the parent 
plant nodes in unbroken series ranged as follows: 1-8, 1-9, 

2-8 (2), 2-9, 3-8, 3-9, 4-9 and 5-11. It was necessary to 
use 3 replicates only for clone 5. ^ i 

The average node location of the first raceme of the nine 
ciones is given in table 1 . These data showed that the first ' ■ 
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Table L— Average node location of the first flower: 9 alfalfa clones, I and II growth, 1951-1953/ 


Clone 

1951 

Rniirt'e and Wis TSln .. ^ 

1952 

1953 



Early 

Aug. 

Early 

Sept. 

June 30 
to July 2 

Aug. 7 
to 18 

June 16 
to 19 

July 28 
to 29 

Average 

1 

C ossack (. 4 5- 1 1 . _ _ 9.8 

8.9 

13.6 

9.5 

14.6 

9.2 

10.9 

9 

Cossack (AC-292 ) _ _ . 11.8 

12.6 

14.1 

12.1 

15.2 

12.2 

13.0 

3 

M . faicata ( SF-2 5 } 9.9 

12.1 

12.9 

11.0 

14.0 

10.4 

11.7 

4 

Cossack (45-22) .. 10.5 

10.0 

14.2 

10.4 

15.9 

9.7 

11.8 

5 

Grimm ( R530 ) 8 . 5 

8.8 

15.3 

9.8 

16.4 

10.1 

11.5 

6 

Grimm i R570 ) „ „ . . .. „ 11.0 

13.5 

15.1 

11.7 

17.2 

12.1 

13.4 

7 

Cossack (45-44 1 : 10.0 

^ 10.0 

13.5 

9.4 

15.6 

10.5 

11.5 

. 8 

Hardigan (R542)/_^. 10.0 

I 10.5 

14.5 

10.7 

15.8 

12.0 

12.3 

9 

Cossack 10.8 

11.3 

13.5 

9.8 

14.8 

10.2 

11.7 

Average 

10.3 

10.9 

14.1 

10.5 

15.5 

10.7 

1 

1 



flowers appeared on different nodes in different clones, and 
that during the second and third years there was a very pro- 
nounced downward shift of the location of the first flowers 
in the second growth. 

The differences were obtained in tlie analysis of variance 
of the data for various sources. Over the 3“ycar perio<l, the 
node location on the parent from \vhich the cutting was 
made had no significant effect on the subsequent node loca- 
tions of the flow^ers. How’ever, it w'as interesting to find that 
in the first growth of tlie first year the cuttings in five clones 
showed significant differences in the location of the flowers. 
Cuttings prop.:igated from terminal nodes of the stem flowered 
at lower nodes than cuttings which were propagated from 
basal nodes. The same cuttings showed no significant differ- 
ences in the locacionof the first raceme in the second growth 
or in subsequent years. 

The behavior of these five clones indicates that some phys- 
iological factor was present in the first growth that was not 
present in the second growth. Plant physiologists'^ have sug- 
gested the presence of a hormone which controls flowering, 
and some believe that it is produced in the leaves and stored 


in the meristematic tissue. Terminal -source nodes flowering 


at lower nodes than basal-soiirce nodes would suggest that a 
flowering hormone, if present, remained in the upper por- 
tion of the stem and influenced the subsequent flowering 
habit of the cuUings. If this hypothesis is true, then in this 
experiment the residual hormone was stored in the stem 
at or near tlie node, for in every case all leaves withered 
and dropped while the cuttings were in [he sand flats in 
the greenhouse. 

The differences between \’cars were significant at the ICe 
level for all 9 clones. All of the interactions of }'ears X nodes 
and years X nodes X growths were not significant, except 
for one clone in each interaction, Indicating that the clones 


shorter day-length conditions the flowers first appeared on 
the stem at about the 10th node. Since the first growth of 
the first year actually took place in a period similar to the 
second growth periods of following years, due to the June 
10 transplanting date and consequent appearance of flowers 
in late July and early August, the significant differences 
which were found are to be expected; and the average posi- 
tion at the loth node is consistent with the short day-length 
theory. Differences between the years were probably a result 
of other variable environmental conditions, such as cloud 
awer, temperature and rainfall. 

Jones'^ showed that the position of flowering in alfalfa 
differs strikingly among plants, and further suggested that 
the differences are inherited. Jones reported a characteristic 
second growth node number within the range of 8 to 11 
and stated that plants w'ith a low number are usually earlier 
in flowering than those with a high number. Data reported 
here support his observations with respect to genetically con- 
trolled flowering differences among plants, but it is believed 
that the day-length shift is responsible for a greater magni- 
tude of differences in the fieki than genetic factors. In the 
9 clones used in this experiment, the average over-all range 
of node locations of first Ho wens^ w 10.9 to 13.4, and the 
individual clone extremes were 8,3 to 17.2. The second 
growth node location averaged 10.7. 


SUMMARY 


reacted uniformly over the 3-year period. Difference between 
first and second growth was significant at the 1% level in ail 


years, and the same was true for a growth X interaction. 
The growth X year interaction was further broken down 
in the analysis and it was found for all clones that the first 
growth of the first year was significantly different at the 
1% level from the first growth in the subsequent years. 

The differences shown in the nodal position of the first 
flowers is believed to be caused primarily by a day-length 
factor. Flower positions at the l4th or 15th node were asso- 
ciated with long day-length growing conditions. During 


A study of the flowering habit of nine alfalfa clones in a 
field nursery at .Madison, Wis., showed that the nodal appear- 
ance of the first raceme on the plant stem was primarily 
determined both by a day-length factor and inherent differ- 
ences in the plan is. 

Tlie shorter day-lcngdis in the second growth period are 
principally responsible for the lirst flower appearing at about 
the loth node. Under the longer day-lengths of the first 
growth period, the flower position was near the 13th node. 

Tile node location on the parent from whieii the cutting 
wais made had no effect on subsequent node locations of 
flowers, following the first growth of the first year. In that 
period immediately following propagation there appeared to 
be a residual factor in five clones that modified flic normal 
appearance of flowers. 

Possible alterations of flowering patterns that might have 
been caused by sucking insects were prevented by using insec- 
ticides for insect control during the experiment 


® Hammer, K. C, Hormones in relation to vernalization and 
photoperiodism. Lotsya 1:63-70. 1948. 


^ Jones, F. R. Internode patterns as a descriptive character in 
alfalfa. Agron. Jour. 42:432-433. 1950, 
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SUMMARY AND CONCLUSIONS 

1. Corn grown alone, corn grown with certain common 
weeds, and weeds grown alone responded to phosphate i;ec- 
tiiizadon. Responses were most pronounced in the seedling 
stage. 

2. Certain species, particularly pigweed, responded great!}' 
to phosphate fertilization. In 1953, pigweed plants on low 
phosphate plots were weak and failed to grow, and many 
eventually died. Lamb's-quarters also grew poorly. Because 
the weeds in this experiment grew poorly in 1953 at low 
P levels, corn with weeds on the Icm^P plots grew much 
better and produced much better yields than corn grown 
with weeds on plots receivlrig phosphate fertilizer. 

3. Even at high rates of fertilization with nitrogen, phos- 
phorus, and potassium fertilizers, weeds competed strongly 


for essential nutrients, suppressed the growth of corn, and 
resulted in decreased yields of corn. The feasibility of main- 
taining higit corn yields in the presence of competing w^eeds 
by increasing rates of fertilization is strongly questioned. 
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Flowering Habit of Alfalfa Clones During the 
First and Second Growth’ 

J. T. Medler, M. A. Massengale, and M. Barrow" 


I NFORMATION on the flowering habit of alfalfa would 
appear to be fundamental to seed production research, since 
flowering precedes the other complex mechanisms that lead 
to die seed harvest. Preliminary observations of plants in 
breeding nurseries at Madison, Wis., suggested that inherent 
differences in flowering habit existed, provided that sucking 
insects such as the tarnished plant hiig^ Lyg/Ls oh! 

(Say), the alfalfa plant h\\g, Addphch-oris^W^^^^ (Goeze), 
and the potato leafhopper, /rifoe (Harris) were 

controlled. It was not known if the node at which the fir.st 
flower appeared on the stem was a stable and signiiicant 
morphological characteristic of the plant, dr if it were variable 
according to environmental factors. Therefore, the experi- 
ment reported liere was designed to study the nodal locatii')n 
of the first flowering rachis in difleTciit plants cluring the 
first and second growth. 

METHOD 

In September 1950, ten parent plants t>f different genetic 
stocks were obtained from a field nursery at the University Hill 
Farm, Madison, transplanted into poLs in a greenhouse, and dipped 
back. After sufficient regrowth had occurred, 5 stems, having as 
near to the same number of nudes as possible, were selected 
from each of the 10 plants. In December, cuttings were made 
from each node of each stem and propagated in sand in flats. 
About a dozen cuttings were obtained from a stem. The sequence 
of node location from the base to the apex of the stem was 
carefully maintained. After roots, had developed, the cuttings 
were transplanted into flats with soil. When the plants were 
about 6 inches tall, they were moved from the greenhouse to a 
cold frame, and held there until transplanted into a field nursery 
on June 10, 1951. Here it is noted that the cutting from one 
of the parent plants had largely died out, and it was necessary 
to carry on the experiment with only nine clones, 

^ Contribution from Departments of Agronomy and Entomology, 
University of Wisconsin. Published with approval of the Director, 
Wisconsin ,Agr. Exp. Sta. Rec. for publication Dec. 23, 1954. 

^Associate Professor, Re.search Assistant, and former Research 
Assistant', Departments of Agronomy and Entomology, Univer- 
sity of Wisconsin, Madison, 


The young plants were spaced at 6-indi intervals in rows 
24 inches apart and 21 feet long. The plant propagated from the 
lowest node of stem 1, done 1, was the first in the row; the 
plant from the next lowest node was second, etc., so that all of 
the plants propagated from stem 1, clone 1, were arranged in 
the row in the same sequence as the nodes on the .stem from 
which they were propagated. This procedure was repeated wfith 
the plants propagated from stem 1 of clones 2 to 9, and all 
considered to be replicate 1. In replicates 2 to 5, the locations of 
the 9 clones, were randomized but the node to node .sequence of 
cuttings within a clone was maintained. The nur.sery rows were 
planted in a ”8” shaped pattern, giving in effect a continiu)us 
row throughout. 

Control of sucking and other harmful insects was carried on 
throughout the growing .season with applications of DDT, dieldrin, 
or other appnipriate inse<liciJes. Weeds w'cre kept tlown by 
ciiitivation and hand weeding. 

When flowers began to appear on the plants, tlie first raceme 
on each of three stems from eadi individual plant in the nursery 
w'as recorded. This reading was obtaine<l by cf uniting the nodes 
from the first discernible node at the base of the stem up to the 
node where the first raceme appeared. After readings were obtained 
in the iir.st gn)wth, the plants were clipped. After the readings 
were completed in the second grtjwth, tfie plants were again 
dipped, but the fall regrow^tli remained on the plants for wnnter 
protection. 

The flow^er counts were made in the first growth periods of 
early August 1951; June 30 to July 2, 1952; June 16 to 19, 
1953; and second growTh periods of early September 1951; Aug, 
7 to 18, 1952; and July 28 to 29, 1953. 

RESULTS 

A certain amount of plant mortality occurred during the 
experiment, which made it impossible to maintain unbroken 
series in all five replicates of a clone. A preliminary inspec- 
tion of the data showed that complete series could be obtained 
by dropping one replicate and eliminating some basal and/or 
terminal nodes. In the statistical analysis of data the parent 
plant nodes in unbroken series ranged as follows: 1-8, 1-9, 
2-8 (2), 2-9, 3-8, 3-9, 4-9 and 5-11. It was necessary to 
use 3 replicates only for done 5, 

The average node location of the first raceme of the nine 
clones is given in table 1. These data showed that the first 
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Table L— -Average node location of the fu\st flower; 9 alfalfa clones, I and II grow'th, 1951-1953. 


Clone 

Source and Wis. No. 

,1951,; ' . 

1952 

1953 





Early 

Aug. 

Early 

Sept. 

June 30 
to July 2 

Aug. 7 
to 18 

June 16 
to 19 

July 28 
to 29 

Average 

1 

Cossack (45-1 ) 


9.8 

8.9 

13.6 

9.5 

14.6 

9.2 

10,9 

2 

Cossack i AC-292 * 

_ 

11.8 

12.6 

14.1 

12.1 

15.2 

12.2 

13 .0 

a 

M. falcata ( SF-25 ) :. . . . . 

.. . .. ... 

9.9 

12.1 

12.9 

11.0 

14.0 

10.4 

11.7 

4 

Cossack 145-22. ) .. _ 


10.5 

10.0 

14.2 

10.4 

15.9 

9.7 

11.8 

5 

Grimm i R530 1 


8.5 

8.8 

15.3 

9.8 

16.4 

10.1 

11.5 

6 

Grinim ( Rn70) „ .. ... _ .. .. .. , . 


11.0 

18.5 

15.1 

11.7 

17.2 

12.1 

13.4 

7 

Cossack (45-44 


10.0 

10. 0 

13.5 

9.4 

15.6 

10.5 

11.5 

8 

Hardigan (R542L. _ 


10.0 

10.5 

14.5 

10.7 

15,8 

12.0 

12.3 

9 

Cossack ( A31B-3k . _ . . _ 



10.8 

11.3 

13.5 

9.8 

14.8 

10.2 

11.7 

Average 

■■■ - ■ 


10. S 

10,9 

14.1 

10.5 

15 . 5 

10.7 



flowers appeared on dilferent nodes in different clones, and 
that during the second and third years there was a very pro- 
nounced downward shift of the location of the first flowers 
in the second growth. 

The differences were obtained in the analysis of variance 
of the data for various sources. Over the 3-year period, the 
node location on the parent: froiu wliich the cutting was 
made had no significant effect on tlie subsecjuent node loca- 
tions of the flowers. Mowe\er, it was inteiesting to find that 
in the first growth of the Jirst }'cjr die cuttings in five clones 
showed signifieanL differeiKCs in die lot at ion of the flowers. 
Cuttings propagated from terminal nodes of the stem flowered 
at lower nodes than ciiliings whiJi were propagated from 
basal nodes. The same cuttings showed no significant differ- 
ences in the location of the first raceme in the second growth 
or in subsequent years. 

The behavior of these five clones indicates that some phys- 
iological factor was present in the first growth that was not 
present in the second growth. Plant physiologists'f have sug- 
gested die presence of a hormone which controls flowering, 
and some believe that it is produced in the leaves and stored 
in the meristematic tissue. Terminal-source nodes flowering 
at lower nodes than basal-source nodes would suggest that a 
flowering hormone, if present, remained in the upper por- 
tion of the Stem and influenced the subsequent flowering 
habit of the cuttings. If this hypothesis is true, then in this 
experioient the residual Iiornione was stored in the stem 
at or near the nedee in every case all leaves withered 
and dropped Vviiilc tile cuttings were in ihe sand flats in 
the greenhouse. 

Tlie differences Between I’cars were signiticant at die 19e 
le\'cl for ail 9 clones. All of the interactions of jears X nodes 
and years X nodes X growths were not significant, except 
for one done in each interaction, indicating that the clones 
reacted uniformly over the 3'year period. Difference between 
first and second gi'owth was significant at the 1% level in all 
years, and the same was true for a growth X }'ear interaction. 
The growth X y^"ir interaction was further broken down 
in the analysis and it was found for all clones that the first 
growth of the first year was significantly different at the 
1% level from the first growth in the subsequent years. 

The differences shown in the nodal position of the first 
flowers is believed to be caused primarily by a day-length 
factor. Flower positions at the 14th or 15th node were asso- 
ciated with long day-length growing conditions. During 

“Hammer, K. C. Hormones in relation to vernalisation and 
photoperiodism. Lotsya 1:63-70. 1948. 


shorter day-length conditbas the flowers first appeared on 
the stem at about the 10th node. Since the first growth of 
the first year actually took place in a period similar to the 
second growth periods of following years, due to the June 
10 transplanting date and consequent appearance of fl.owcrs 
in late July and early August, the significant differences 
which were found are to be expected; and the average posi- 
tion at the 10th node is consistent with the short day-length 
theory. Differences between the years were probably a result 
of otheit variable environmental conditions, such as cloud 
cc>vei\ tenipeniture and rain 

Jones'L showed that the position of flowering in alfalfa 
differs strikingly among plants, and further suggested that 
the differences are inherited. Jones reported a characteristic 
second growth node number within the range of 8 to 1 1 
and stated that plants with a low number are usually earlier 
in flowering than those with a high number. Data reported 
here support his observaiions with respect to genetically con- 
trolled flowering differences among plants, but it is belie\'ed 
that the day -length shift is responsible for a greater magni- 
tude of differences in the field, than genetic factors. In the 
9 clones used in this experiment, the average over-all range 
of node locations of first flowers was 10.9 to 13.4, and the 
individual clone extremes w’cre 8.5 to 17.2. The second 
growth node location averaged 10.7. 

, . SUMMARY : 

A stiidy of the flowering habit of nine alfalfa ciooes in a 
field nursery at Madison, Wis,, showed that; the nodal appear- 
ance of the first raceme on the plant stem was primarily 
determined both by a day-length factor and inherent differ- 
ences in the plants. 

The shorter day-lengths in the second growth period arc 
principally responsible for the first flower appearing at about 
the 10th node.. Under the longer day-lengths of the first 
growth period, the flower position was near the 15th node. 

Tlie node location on the parent from which the cTitting 
was made had n(> effect on subsequent node locations of 
flowers, following the first growth of the first year. In that 
period immediately following propagation there appeared to 
be a residual factor in five clones that modified the normal 
appearance of fl.owers. 

Possible alterations of flowering patterns that might have 
been caused by sucking insects were prevented by using insec- 
ticides for insect control during the e,xperiment. 

^ Jones, F. R. Internode patterns as a descriptive character in 
alfalfa. Agron. Jour. 42:432-433. 1950. 



The Influence of Awns on Yield and Certain Morphological 

Characters of Wheat' 

1. M. Atkins and M. ]. Norris- 


T ‘HE influence of awns on the yield of wheat is ot practical 
as well as theoretical interest. If the superiority ot either 
awned or awnless types could be proved without question 
for a given locality, this information would be ot value to 
the plant breeder for he could then select only the superior 
type for further testing. 

The purpose of this study was to determine the influence 
of awns on yield of wheat by comparing specially developed 
awned and awnless lines of wheat in yield tests at Denton, 
Tex. Four associated factors, number of culms per unit area, 
size of kernels, test weight, and number of kernels per head 
wxa'e studied to determine their relationships to any differ- 
ences observed. 

REVIEW OF LITERATURE 

Numerous comparisons have been made between awned 
and awnless varieties or groups of varieties. Early compari- 
sons were made simply by comparing pure varieties of the 
two typesFFlater pt4lgreed lines were compared (1); and 
more recently several studies have been made using bulk 
or specially selected groups of bulk composites from crosses. 
Bayles and Suneson ( 3 ) compared awned and awnless bulk 
composites from crosses for 5 years at several locations in 
w^estern United States. The two groups did not yield signifi- 
cantly different but the grain from the awned segregates 
was superior in both kernel weight and test weight. Finkner 
and Heyne" compared sister awmed and awnless selections 
from Fjj segregating lines of several crosses and from simi- 
larly related lines of different backcross populations. Under 
Kansas conditions, the awned segregates were superior to 
tlie awnless group in yield, test weight, and kernel weight. 

MATERIALS AND METHODS 

Isogenic lines of awned and awnless wheats were developed 
for this study by a procedure suggested by Atkins and Mangels- 
dorf ( 2 ) . This procedure involved crossing an awned variety 
(Kanred) with an awnless variety (Chitkan). The expression 
of awns in this ertiss is controlled by a single gene, and hetero- 
zygous plants are recognized by the presence of short awns or 
tip-awns. Since wheat is self-fertilized, homozygosity for all genes 
increases in each successive generation following the cross. In this 
experiment, the gene controlling the expression of awns was 
kept heterozygous by selection of a large group of tip-awned 
heads each sc-ason. 

After 10 generations seed from 10 tip-awned spikes were 
space-planted, and true breeding awned and awnless lines were 
selected and increased. These awned and awnless lines from the 

^Technical paper No, 2117, a report of cooperative research 
by the Texas Agr. Exp. Sta, and the Field Crops Research Branch, 
A.'R.'S., U.S.D.A. Rec. for publication Jan. 10, 1955. 

Agronomist, U.SD.A,, Texas Substation No, 6, Denton, Tex., 
And Associate Agronomist, Bluebonnet Farm, McGregor, Tex, 

® Finkner, V. C., and Heyne, E. G. A comparison of yield and 
related agronomic characters between closely related awnless and 
Awned winter wheat segregates. Unpublished paper presented at 
the annual meeting of the American Society of Agronomy at Fort 
Collins, Colo., 1949. 


same tip-awned spike were identical phenotypically except for 
the awned character. Pairs of lines differed from each other in 
height, leaf width, leaf color, grain size, and shape. Two pairs 
that differed in height are shown in figure 1. 

Since the awned and awnless members of each pair were so 
similar after 10 generations of inbreeding, it was assumed that 
they might be compared for yield and other characters with the 
assumption that any differences observed might be due to the 
presence or absence of awns or to genes closely linked with those 
controlling the awn expression. In all yield tests the awned and 
a\\’nless lines of each pair were kept together a.s a unit, and are 
referred to as a strain in this paper. 

The 10 isogenic pairs of lines were grown in a 10 x It) Latin 
square planting design with the awned and awnless member of 
each pair grown side by side in all instances. The strains were 
randomized in rows and columns with the usual restrictions of 
the design. The experiment evas conducted at Denton, Tex., from 
1947 to 1952, but no data w^ere obtained in 1949 or 1951 because 
of fall and winter droughts. Plots consisted of the usual 4-row 
nursery plots from which 16 square feet were harvested to 
determine yield and other measurements. 

Data were obtained on yield, stand, weight of kernel, number 
of kernels per head, and test weight. The stand was determined 
by counting the number of mature culms per plot. Size of head 
was determined by threshing individually and counting the num- 
ber of kernels per spike from 39 heads from each plot. Yield 
was determined in the usual manner, after which two 1,000- 
kernel sample.s w^ere weighed from each plot. By neces.sity, test 
w^eights w'ere taken only on bulked lots from each strain. 

Segregates from this cross were susceptible to leaf and stem 
rusts, and all plantings were dusted with sulfur throughout the 
.season to prevent damage from these diseases. 

Weather Conditions 

Since awned varieties often are superior under stress condi- 
tions, a brief report of the weather during the period of the 
experiment is presented. The 194? crop encountered favorable 
precipitation and temperatures during the fall of 1946, but was 
under stress in the spring because winter and spring rainfall were 
deficient and poorly distributed. The 194B crop gave the high- 
est yields for the perked despite below normal rainfall. There 
was sufficient rainfall to establish the crop, followed by much 



Fig. 1. — ^Two pairs of isogenic awned and awnless lines of wheat 
from the cross Kanred X Clarkan. Note difference in height 
by pairs. 
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Table 1. Monthly and annual precipitation at Denton, Tex., for the period 1946— 52 and averages for the period 1912—52. 


Month 

Precipitation, inches 

40-'year 

average 

1912-52 

1946 

1947 

1948 

1949 

1950 

1951 

1952 

January. 

2.43 

0.97 

0.56 

5.11 

4.50 

0.59 

0.54 

2.11 

February. | 

4.03 

.37 

4,86 

3.05 

2.20 

2.29 

2.00 

2.29 

March... — : i 

3.08 

2.98 

1 .70 

2.76 

,96 

' .81 

2.41 

2.32 

April. i 

4.35 

3.00 

.64 

.92 

4.09 

1.67 

6.46 

3.81 



7.46 

3.19 

4.20 

7.50 

5.95 

3.28 

4.30 

4.62 

June,„,' ■ .. - - , - 

2.63 

2.76 

2.81 : 

3.85 ; 

4.45 

5.82 

.80 

3.11 

July.,---.-- 

1.31 

.00 

2.30 

2.44 

5.83 

1.60 

1.69 

2.07 

x4ugust.._ -- 

2.37 

2.16 

. 51 

2.41 

2.36 

.64 

.34 

2.40 

September . , . i 

1.65 

2.97 

1.10 

4.88 

3.98 

2.49 

,27 . 

2.47 

October-:. 

1.11 

2.49 

2.33 

3.14 

.14 

2.06 i 

.08 

3.03 

November... _ .. . . _ . . 

8.17 

2.71 

.50 

.00 

.05 

L17 

5.07 

2.18 

December. 

3,24 

5.97 

.33 

1.84 

.04 

.36 

2.18 

2.40 

Total : .... .. ._ . j 

, 41.83 1 

29.57 

19.84 

40.87 

34.59 

22.78 

25.64 

32.81 


The analysis of variance indicates that differences in favor 
of the awned lines were significant in 1947 and 1950 when 
the crop was under stress, but not in the other years. The 
average differences in yield between awned and awnless lines 
were 2,2 bushels per acre in 1947 and 2.1 bushels in 1950. 
In 1948, the difference in favor of the awned lines of 1.0 
bushels per acre was not significant In 1952 the difference 
of 0.5 bushel in favor of the awnless lines also was non- 
significant. Significant seasonal interactions occurred between 
strains and between awned and awnless lines. 

Agronomic Characters 

Several agronomic characters w^^re measured in order to 
determine any possible relationship to yield. The characters 
measured w^ere weight p>er 1,000 kernels, number of aiims 
per unit of area or stand, number of kernels p)er head, and 
test weight Weight per 1,000 kernels and test w^eiglit appar- 
ently were associated with the higher yield in the awned 
lines. In table 3 are given the clata for the 10 pairs of 
strains for weight of 1,000 kernels, together wfith least sig- 
nificant differences for each season and for the period of 
years, 


Table 2.— Yields in bushels per acre and differences for paired awned and awnless isogenic lines of wheat 
from a cross of Kanred X Clarkati, Denton, Tex., 1947-52. 


Strain 

1947 

1948 

1950 

1952 

Average 

Awned 

Awm- 

less 

Differ- 

ence*** 

Awned 

Awn- 

less 

Differ- 

ence 

Awned 

Awn- 

less 

Differ- 

ence 

Awned 

Awn- 

less 

Differ- 

ence 

Awned 

Awn- 

less 

Differ- 

ence 

74-44-2. _ 

31.6 

29.2 

-4-2.4 

34,8 

35.4 

-0.6 

20.7 

18.5 

+2.2 

30.0 

30.5 

—0.5 

29.3 

28.4 

+0.9 

74-44-8„-. 

29.7 

28.2 

+1.5 

33.0 

31,3 

+1.7 

20.8 

17.5 

+3.3 

30,7 

30.6 

+0.1 

28.6 

26.9 

+lv7 

74-44-9_ ... 

24.2 

21.6 

+2.6 

33.0 

29.6 

+3,4 

16.7 

13.2 

+4.5 

25.3 

24.7 

+0.6 

24.9 

22,3 

+2.6 

74-44-11 

26.2 

24.1 

+2.1 

30.6 

33.4 

-2.8 

17.4 

14.7 

+2.7 

27.6 

29.8 

-2.2 

25.5 

25.5 

0 

74-44-23. 

28.9 

26.0 

+2.9 

31.8 

30.4 

+ 1.4 

18.6 

18,4 

+0.2 

31.0 

28.5 

+2.5 

27.6 

25.8 

+ 1.8 

74-44-24 

27.0 

24.9 

+2.1; 

36.7 

33.3 

+3i .4 

16.9 

16.4 

+0.5 

25.8 

25.4 

+0.4 

26.6 

25.0 

+1.6 

74-44-29:. - 

26.7 

23.0 

+3.7 

30.8 

28.6 

+2.2 

17.7 

15.4 

+2.3 

24.8 

25.8 

-1.5 

24.9 

23.2 

+ 1.7 

74-44-30- - 

26.0 

24.0 

+2.0 

30.7 

29.9 

+0.8 

15.9 

13.1 

+2.8 

24.6 

25.6 

-1.1 

24.3 

23.2 

+1 . 1 

74-44-82.- 

27.2 

25.8 ' 

+1.4 

33.1 

32.4 

+0.7 

15.2 

13.6 

+ 1.6 

25.8 

27.6 

-1.8 

25.3 

24.7 

+0.6 

74-44-38-- 

22.4 

21,4 

+1.0 

30.7 

31.5 

-0.8 

17.2 

14.8 

+2.4 

23.9 

25.9 

-2.0 

23.6 

28.4 

+0,2 

Average 

27.0 

24.8 

+2.2 

32,8 

31.6 

+ 1.0 

17.7 

15.6 

+2.1 

26.9 

27.4 

-0.5 

26.0 

24.9 

+ 1.1 

L.S.D. at 0.05 



0.62 



1.14 



0.66 



0.78 



0.41 

L.S.D. at 0.01 



.82 



1,52 



.87 



1.03 



,54 


* Pius signs indicate increases of awned over awnless lines. 


above m»rmal rain fall in December, February, and again in Alay. 
This provided adequate moisture, and other conditions were 
favorable. The 1949 and 1931 crops were failures. The 1950 
crop season was unfavorable because of a very dry spring. Tlie 
1952 season was mild and dry and follow^ed a deficiency of sub- 
soil moisture in 1951. Drought continued through most of the 
winter of 1951-52, although there was sufiicient fall rainfall to 
establish the crop. Rains came in mid- April in time for the crop 
to recover and produce better than average yields. The precipi- 
tation by months for this period is given in table 1. 

4 RESULTS ■ . 

Yields 

Yields of the awned and awnless segregates of each strain 
in each season are given in table 2. Least significant differ- 
ences for each season and for the period of years are also 
shown. 

The awned segregates of each of the 10 strains signifi- 
cantly outyielded the awmless lines in 1947 and 1950, Three 
awmless lines out}4 elded their awmed sister lines in 1948. 
In 1952, 6 strains of the 10 awnless lines outyielded their 
awned counterparts, although the difference \vas small in 
most instances. The 4-year average yields of all awned lines 
exceeded those of the correspoficling awnless lines. 
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Table 3.— Weight In grams per 1,000 kernel sample and differences for paired awned and awnkss isogenic lines of wheat 

from a cross of Kanred X Glarkan, Denton, Tex., 1947-52, 


Strain 

1947 

1948 

1950 ; 


1952 

I Average ' , 

Awned 

Awn- 

less 

Differ- 

ence'^ 

Awned 

Awn- 

less 

Differ- 

ence 

Awned 

Awn- 

less 

Differ-! 

ence 

Awned 

Awn- 

less 

Differ- 

ence 

Awned 

Awn- 

less 

Differ- 

ence 

74-44-2. 

32.6 

30.7 

+ 1.9 

35.9 

32.3 

+3.6 

33.7 

31.0 

+2.7 

32.0 

30.3 

+ 1.7 

32.9 

31.1 I 

+ 1.8 

74 - 44 - 8 .-..--: 

32.0 

30.2 

-fl.8 

36.5 

33.1 

+3.4 

34.2 

29.8 : 

+4.4 

31.8 

30.8 

+ 1.0 

33.6 

31.0 : 

+2.6 

74-44-9.. 

27.0 ; 

25.7 

+ 1.8 

31.6 

29.5 

+2,1 

26.6 

23.5 

+3.1 

27.2 

27.2 

0 

28.1 

26.5 i 

+ 1.6 

74-44-1 1...„. 

31.9 

29.3 

+2.6 

35.7 

33.7 

+ 2.0 

30.8 

28.4 ' 

+2.4 

32.5 

30,6 

+ 1.9 

32.8 

30.5 1 

+ 1.3 

74-44-23..... 

28.6 

26.7 

+ 1.9 

31,7 i 

27.8 

+ 3.9 

25.1 

25.1 

0 

29.1 

26.5 

+2,6 

29.6 

26.5 ; 

+3 . 1. 

74-44-24_... ...... 

29.4 

27.1 

+ 2.3 

35.2 1 

32.0 

+3,2 

29.8 

26.4 

+3,4 

29.0 

. 27,7 

1 + 1.3 

30.9 

28.3 ! 

+2.6 

74-44-29.... 

26.6 

26,4 

+0.2 

30,4 i 

29.1 

+ 1.3 

26.7 

23.9 ; 

+2.8 

25.6 

26.4 

mo.. S' 

27.3 

26.5 

+0.8 

74-44-30 .... 

29.1 

27.8 

+ 1.3 

32.9 

31.2 

+ 1.7 

29.4 

27.2 : 

+2.2 

30.2 

29.4 

1 + 0.8 

30.4 

28.9 1 

+1.5 

74-44-32 

29.4 

28.4 

+ 1.0 

32.5 

31.2 

+ 1.3 

29.5 

26.1 

+3.4 

30.7 

28.5 ■ 

+ 2.2 

30.5 

28.6 1 

+ 1.9 

74-44-33.... 

29.4 

28.1 

^ + 1.3 

34.6 

31.0 

+ 3.6 

29.9 

27.2 

+2.7 

31 .2 

29.7 

1 + 1 . 5 

31,2 

29.9 

+ 1.3 

Average 

29.6 

'28.0 

+1 . 6 

33.7 

31.1 

+2.6 

30.0 

26.9 

+3.1 

29.9 

28.7 

1 + 1.2 

30,8 

28.7 

+2.1 

L.S.D. at 0.05 



0.06 



0.27 

1 


0.28 


1 . 

0.28 



0.04 

L.S.D. at 0.01—-. - 



.07 



.35 



. .37 



' .37 

: 

1 ' 

.05 


Plus signs indicate incnJases of avvned over awnless lines. 


Table 4.“— Stand, number of kernels per head and test weight 
for paired awned and awmless isogenic lines of wheat 
from a cross Kanred X Clarkan, Denton, Tex., 
1947-52. 


Year 

Line 

Stand 
(culms per 
16 sq. ft.) 

; ■■■..! 

Number 
kernels 
per head 

Test 

weight 

lbs. 

1947-. 

Awned 

633 

17.1 

59.6 


Awnless 

659 

16.6 

59.2 

1948- 

Awned 

621 

18.0 

69.6 


Awnless 

629 

18.7 

58.6 

1950 

Awned ! 

422 . 

16 6 



Awnless j 

439 

1 17' 0 



Awned 

535 

1 22.5: 



A wniess 

■'558 

22.9 i 

—— ^ 

4-year average: 






Awned 

558 

18.6 

- 


Awnless 

571 

.18.8 



The weight per 1,000 kernels was higher I'or: the awned 
lines oi the strains in all years and for the a\erage of the 
4 years. The difference is highly sign iilcant each, season. 
The awned line was higher in ail hut 3 of the 40 compari- 
sons. The higher kerned weights of the awned strains sub- 
stantiates the results of other workers. 

Relationships of other characters measured were irregular 
and differences were rather small in many instances. The 
average number of kernels per head was 18.6 for the awned 
segregates and 18.8 for the awnless. The awmiess lines aver- 
aged 571 culms per unit area, compared to 558 for the 
awned dines. These characters varied from season to season 
and were not significant in most seasons, but the differences 


were significant when the data were combined. Data for 
these characters are given in table 4 for each season and tlie 
average for all seasons. 

Test weights were higher h:)r the awned lines in 1947 
and 1948 whicli agrees with differences o4>;ervct! in weiglit 
of kernel. Test weights were taken tuily on bulk lots of 
.seed owing to limited supplies of seed. 

SUMMARY' 

The purpose of this study was to determine the effect 
of awns on the yield of wheat. Ten pairs of specially devel- 
oped isogenic awned and awnless lines were developed. 
Each line within a pair was identical phenotypicaiiy and 
genetically except that one line of the pair was awned and 
the other a wniess. ' ■ 

The awned lines produced significantly higher yields, 
heavier kernels, and higher test wciglits. The differences in 
\aeld and weight of kernels in f.uor of tlie awned lines 
W'cre greater during drought )’ears wlien tlie croji was under 
stress. The diiierences in number of kernels per head Xind 
in stand were non-signiiicant in single seasons but when 
se\eral sLa.sons were coiubined tliey \vei:e barely significant 
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Open-Poilinated Seed Setting Among Self-Sterile 
Clones of Smooth Bromegrass^ 
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F orage crop iniprovement is generally concerned with 
quality and quantity of vegetative production. Recent 
experience, however, in the introduction of improved \'ari- 
eties of forage crops has indicated that the seed producing 
ability of a new variet)' may well decide if it will be increased 
and distributed. The recent developments of producing seed 
of forage crops in areas of high seed production n-Kike it 
possible to put new' varieties in use on farms very quickly. 
This can be done most effectively w'hen the seed producing 
abilit}’ of new varieties is knowm at the time of release. In 
general, improved varieties should be, equal or superior in 
seed production to the standaid varieties in use at the time. 

Information on plant characters associated witii seed pro- 
duction and relioed techniques for measuring these are needed 
in order to enable forage breeders to screen clones for seed 
production early in the breeding program. The objective of 
this study w’as to deterniine the association of certain charac- 
ters of the inilorescence with seed producing ability for a 
selected sample of self-sterile clones of smooth bromegrass, 

Tlie active growtli period of most forage grasses consists 
of tW'O phases— vegetative and reproductive. Although de- 
marcation of the tw^o phases is relatively distinct, both are 
constituent parls of the normal growth process. The repro- 
ductive phase w'hich results in seed production is initiated 
by natural changes In environment. The developmental mor- 
phology for grasses has been described by Evans and Grover 
(6). A detailed description of the inflorescence in smooth 
bromegrass is given by Knobloch (10). 

Smooth bromegrass enters the reproductive phase only 
under long day length. Its photoperiodic response lias been 
extensively investigated (1, 5, 7, 11, 12). Induction of til- 
lering and degree of heading are also influenced by tem- 
perature. Maturity types and strains within the species have 
been shown to ilifL-r slighily as to optimum temperatures 
for seed pi:i)dLKtion (5 ) . Soil nutrients, particularly nitrogen, 
have beeii show'ii to luu'c a marked effect on seed produc- 
tion. Watkins (12) and Evans and Wilsie (5) have reported 
increased shoot and panicle production witii nitrogen appli- 
cation. Harrison and Crawford (8) found nitrogen fertili- 
sation to cause an increase in seed iveight and number of 
florets per panicle. 

■ Marked differences occur among clones of smooth brome- 
grass for amount of seed set. This may be attributed in large 
part to genetic factors affecting cross- and .self-feitility. Hill 
and Myers (9) in an extensive study of North American 
smooth bromegrass material concluded that the normal chro- 
mosome number is 2n zi 56. The species is classed by Elliot 
and Love (d) as partially allopolyploid. Their study indi- 


cated a high degree of meiotic irregularity but they were 
unable to associate this with pollen fertility. 

A study of the species for relationship of seed setting 
with pollen size, fertility, and chromosome behavior by Cheng 
(3), indicated that male and female fertility were related 
and that low seed setting was associated with chromosome 
abnormalities. 

MATERIALS AND METHODS 

Thirty clones of smooth bromegrass, previously selected for 
desirable vegetative characteristics, were used in the study. All 
were relatively self-sterile as determined by amount of seed set 
under bag. Inflorescences collected for study were produced in 
1948 in a replicated polycross .seed production nursery. The 
nursery was in its second harvest year. Information obtained dur- 
ing the initial seed harvest year made it possible to select for 
study clones which represented a wide range in open-pollinated 
seed setting ability. 

The polycross nursery containing the clones consisted of 12 
replications of single plants spaced 3 feet by 3 feet. Some plants 
were missing but all the clones that were studied were present 
in at least eight replications, 

A sample of five heads was taken at random from each plant 
when seed was in the hard dough stage. No attempt was made 
to keep head size or culm length nniferrm. After cutting, each 
head was bent double and placed in an individual envelope. The 
remainder of : the inflorescences on a plant was harvested and 
bulked with other plants of the same clone for determination 
of total seed production. 

Individual heads were counted for number of florets and 
number of spikelets contained. Detailed methods which were 
used in enumerating this volume of materiaT are described by 
Lowe.*^ After counting, the material from the individual heads 
was threshed by rubbing between corrugated rubber surfaces and 
the threshed seeds counted over illuminated glass. Data gathered 
on number of spikelets, number of florets, and number of seeds 
were used in computing values for each sample for the following 
characters: 

1. Spikelets per head 

2. Florets per head 

3. Seeds per head 

4. Florets per spikelet 

5. Seeds per spikelet 

6. Percent fertile florets . 


^ ^ Paper No. 314, Department of Plant Breeding, Cornell Univer- 
sity, Ithaca, N, Y. Acknowledgment is made to the Cooperative 
G.L.F. Exchange, Inc. for partial support of the work. Presented 
at the American Society of Agronomy meetings, State College, Pa., 
Aug. 30, 1951. Part of a thesis submitted by the senior author 
to the Graduate School of Cornell University In partial fulfill- 
ment of the requirements, for the degree of Master of Science. Rec. 
for publication Jan. 10, 1955. 

^ ^Assistant Professor and Professor of Plant Breeding respec- 
tively, Cornell University. 


The plant values for each character (mean of the five head- 
samples) were subjected to an analysis of variance to determine 
clonal differences. Where missing plants occurred, Yates' (13) 
method of correcting for missing values was utilized. 


RESULTS AND DISCUSSION 


Tile clonal means for each of the ciifferent characl'ers 
studied are presented in table 1. The analyses of variance indi- 
cated higlily significant differences among clones for all char- 
acters. Least significant differences are given for comparison 
purposes. 

The clones are ranked in order for production of viable 
seeds per plant; this was calculated from the actual weight 
of seed produced and the number of seedlings germinated 
from a given weight of seed. The figures for viable seeds 
per plant are considerably lower than those expected from 


^ Lowe, C. C. A study of open-pollinated seed set and of anthesis 
in self-sterile clones of bromegrass, Brornus mermis Leyss. Unpub- 
lished M.S. thesis. Cornell Univ. 1950. 
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the determinations of seeds per head and heads per plant. 
This came about because the smaller or lighter seeds Avere 
either lost in the cdeaniiig of the bulk seed, or failed to 
germinate or produce a normal seedling. However, the viable 
seeds per plant determined after cleaning the bulk seed 
seemed to be the most satisfactory measure of the practical 
seed producing ability of selected clones. 

Seeds per Head 

A high positive correlation, r rz +0.87, was obtained 
between the clonal means for seeds per head and viable 
seeds per plant Usefulness of this relationship in selecting 
for seed production seems limited, however, due to the vari- 
ation in size of individual heads. Samples of the sii:e used 
in this study (3 heads per plant from each of 12 replica- 
tions) are impractical if the objective is to screen a large 
number of clones. Use of the character based on a small 
sample of heads might be adequate for eliminating lo\v 
seed producing clones. From the data in table 1 it may be 
determined that this characteristic did not differentiate well 
between clones average to good in total seed production. 


Florets per Head 

Although significant differences between clones in floret 
number were indicated, the average number of florets per 
head appeared to be relatively unrelated to total seed pro- 
duction. The correlation value, r rz --0.41, is significant at 
the P zz 0,03 level of significance. A study of the data indi- 
cated that the low seed-producing clones had slightly more 
florets per head than did the high seed -producing ones. This 
may be due in part to a tendency for greater development 
of terminal florets on plants of low fertility whereas terminal 
florets on spikelets producing seed tend to remain vestigial. 

Spikelets per Head 

The means of the clones varied from 41 to 112 spiikelets 
per head. This characteristic was independent of total seed 
production as indicated by a correlation of r rz +0.09. With 
this group of clones, selection for seed producing ability on 
the basis of head size would be ineffective. 

Florets per Spikelets 

Avenige \alues for florets per spikelet ranged from 5.4 
to 6.9. Although individual spikelets had a wide range in 


Table 1. — Average values for seed production characters on 30 self-sterile clones of smot>th bromegrass 

from seed produced at Ithaca, New York, 1948. 


Clone No. 

Seeds 

per 

head 

Florets 

per 

head 

Spikelets 

per 

head 

Florets 

per 

spikelet 

Seed.s 

per 

spikelet 

Percent 

fertile 

florets 

Seed 

heads per 
plant 

Viable 
.seeds per 
plant 


151 

250 

55 

4.6 

2.77 

60.1 

160 

10.080 



180 

236 

69 

3.4 

2.60 

75.6 

123 

9.790 


153 

:222 

48 

4.6 

3.15 

68.0 

134 

9,775 

163v, 

212 

280 

48 

5.9 

4.49 

75.8 

106 

8,444 


194 

389 

81 

4.8 

2.40 

49.7 

105 

8,395 


161 

296 

59 

5.0 

2.73 

54.1 

106 

7,775 

T1 : 

200 

340 

00 

6.2 

3,62 

58.6 

95 

7,718 

106,_ 

189 

278 

64 

4.3 

2.95 

67.8 

62 

7,488 

116 

205 

324 

75 

4.4 

2.73 ■ 

62.9 

89 

7,487 

: 

235 

473 

90 

,■ 5.2 

2.84 

54.0 

87 

6,822 

173 - 

215 

384 

88 

4.4 

2. 45’ ' : 

56.0 

101 

6,377 

166 _ - - - 

151 

■ 224 

49 

4.5 

3.07 

67.6 

83 

5.940 

m„„ ' 

144 

456 

77 

5.9 

1.87 

32.0 

'■112' . 

5,903 

I18,.,„ 4 

191 

495 

■■ 112 ■■ " 

■ 4.4 ■ 

1.72 

38.9 

85 

5,663 

117 - 

182 

412 

75, , 

5.5 ■ 

2.43 

44.0 

■ 110,; ' 

5,350 ■ . 

179 

133 

^ 327 

62 

5.2 ■ 

2.10 

40.5 

, 

112 ■ : 

4,804 

3. 215 

144... . 

116 

341 

81 

4.2 

1.42 

33.9 

i 94 

■99. 

9 

331 

65 

5.1 

■- .U 

2.8 ' 

113 

2,514 

149 - 

34 

289 

, 85;,: 

3.4 

Al 

11.7 

1B6 

2,415 

7 ■ 

46 

403 

73 

5.5 

.64 

11.8 

110 

2,411 

189... 

68 

240 

64 

4.0 

! 1.08 

28.7 

125 

2,280 

60 

31 

220 

54 

4.1 

.58 

14,1 

113 

, 1,891 

147 

78 

429 

79 

5.4 

1.00 

18.2 

84 

i 1,590 

178 

39 

309 

61 

6.0 

.64 

11.0 

59 

; 1,438 

79.--. 

27 

293 

52 

5.6 

,54 

9.4 

131 

1 .•.■i:,289; 

46-_-. . 

9 

324 

64 

5.1 

.14 

3.0 

114 

: ■ :865^ 

132- 

23 

296 

43 

6,9 

.51 

7.5 

118 

782 

140 

20 

409 

64 

6.3 

,32 

5.0 

99 

!■■'■■ ■ , BBS ■ 

34 

10 

399 

68 

5.9 

,15 

2.6 

50 


9 

29 

245 

41 

5.9 

i .70 

11.9 

47 

1 '. : '.156;..; 

F for clones 

117.79** 

27.57** 

31,81** 

47.67** 

[ 290.05** 

468.74** 



L.S.D. (P = 0.06) 

20 

42 

8 

0.35 

1 0.20 

3.2 



P for replications 

1.49- 

2.23* 

1.15- 

2.67** 

' 1.18- 

,09- 



Correlation with viable seeds per 




1 




plant r « 

0,87** 

-0.41* 

0.09 

, -.36* 

, .90** 

.94** 

.13 



* Significant at 0.05 level, 

■ Significant at 0,01 level. 
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LOWE AND (,)PEN-POLLINATED SEED SEfTING IN SELF-STERILE CLONES OF BROMEGRASS 


iiorer number, the don.il differences in this charaGeristic of 
the inflorescence were easily obscr\cd. Certain clones had lonp; 
.spikelets with high floret numbers, whereas, in others the 
inflorescence \^'as much branched with the spikelets produc- 
ing a smaller number of florets. The correlation value, 
r =: —().3b, indicates the same negative relationship with 
total seed production as ftnind for ikjrets per head. 

Seeds per Spikelet 

I’hir. character was found to be highly correlated, r 

with total seed production and appeared to be use- 
ful as a general measure oi a clone’s seed producing ability. 
Beddows (2) has suggested that seeds per .100 spikelets is 
a desirable criterion for determining seed set in various 
grasses. This study supports use of the character but does 
not furnisli any e\'idence on the requisite sample size neces- 
sary to measure it { mean \ allies for each of the clones studied 
are based on counts made on to -i,()00 spikelets). It 

seems reasonable to assume that a I OO-spikclet sample could 
be used to gi\e a good relative measure of the seed-juoducing 
ability without involving excessive labor. A random method 
of collection of tlie sample probably would be necessary since 
spikelet position on tlie head and head position on the plant 
were noted to ha\e stime effect on florets produced per spike- 
let, a!Kl. consec|ueiuly, on seed number. The range among 
the clones in seeds po’ spikelet was O.l i to j,49. Clones 
a\eraging less tlian 1.^ seeds per spikelet were all relatively 
low in total seed production. 

Per Cent Fertile Florets 

Seeds per floret, which is expressed here as percent of 
florets developing seeds, appeared to give the best index 
of a clone’s seed-producing ability. The correlation of this 
characteristic with total seed production was r 
Clonal means ranged from 2.6 to 75.8%. Although there 
were obvious differences in head size, between head varia- 
tion was not determined tor any character due to limitations 
imposed by missing plants. Head samples of a done were 
observed to vary considerably for the number of florets, spike- 
lets, and seeds they contiiined, whereas, percent of fertile 
florets showed very little ^vlriation either between head 
samples or between different plants of a clone. Tliis suggests 
that this characteristic was relatively stable and was influ- 
enced very little by en\ ironment in this study. 

The F values for replications obtained in the analysis of 
variance of the data for each characteristic are of interest 
since the\’ provide information on the relative effect of en- 
vironment on each of the characters. As eadi replication was 
made up of plants from each of the 3B clones, there should 
ha\'e been no differences among replication means from the 
anah'ses unless varied conditions of environment such as 
existed in the nursery actually affected the characters studied. 
On the other hand, lack of significance for replication means 
would not rule out the possibility of environmental effects 
but allows the inference that the different sets of environ- 
ment (replications) whidi affected one character affected 
others differently or to a lesser degree. An examination of 
the F valne.s indicates that only for number of florets per 
spikelet and florets per head were the mean values of repli- 
cations significantly, different. It is felt that a favorable 
environment allows for a greater development of the. ter- 
minal florets in the spikelet and, consequently, for the head 
than does an unfavorable one. The F value for replications 
in the analysis of percent fertile florets was negligible which 
suggests that this diaracter is primarily genetically controlled. 


Seed Heads per Plant 

I’he number of seed heads per plant was determined 
from counts made on the bulked material used in determining 
total seed production. Culm number varied from 47 to 160 
(or the clones studied but had no constant* relationship with 
total seed production as indicated by a correlation of r z:: 
+ 0.13. Undoubtedly, culm number is an important deter- 
minant of seed-producing ability, but due to the considerable 
influence of environment it is diffiailt to determine inherent 
differences between clones. Culm production of a clone when 
grown in spaced plantings and the performance of tlie clone 
or its j^rogeny under the highly competitive conditions of row 
culture or solid stands from which its seed is commercially 
produced may be relatively unrelated. Grass clones selected on 
the basis of superior vegetative production frequently appear 
to be poor headers or produce a disproportionately large niun- 
her of so-called sterile culms which elongate but produce 
no seed heads. This is often attributed to nutrient deficiencies 
at critical stages of head development but may well be due 
to inadvertent selection against normal seed production while 
selecting for desirable vegetative types. Data are presently 
lacking to show whether poor heading on improved strains 
derived from such parental clones can be overcome in seed 
producing areas by changes in agronomic practices. 

Commercial bromegrass seed varies widely in weight and 
chathness depending on the variety and the season in which 
it is produced. Different lots may vary several hundred per- 
cent in number of seed per given weight. Plants which pro- 
duce large heavy seeds are desirable since lighter seed is 
subject to greater losses in cleaning and may produce weak 
or abnormal seedlings. All seed wais processed over standard 
cleaning equipment. Seed size and w^eight varied widely for 
the clones studied, and differential seed loss in cleaning 
affected the total seed production. This produced some dis- 
crepancies in comparisons involving characters where seed 
v'as counted without regard to weight. 

The occurrence of intcranniial variation among clones is 
a distinct possibility, particularly in characters most subject 
to environment. Percent of fertile florets which .seems primar- 
ily genetically controlled and shown here to be closely asso- 
ciated w’^ith total seed production would appear to be a reli- 
able character for determining seed producing-abiiity in clones 
of smooth bromegrass. The 100 spikelet samples suggested 
by Beddows could be counted for florets as w^ell as seeds 
without undue difficulty where a better estimate of seed 
producing ability is desired.*^ Usefulness of the method for 
evaluating seed set in rows or solid stands of varieties, syn- 
thetics, or clonal progenies depends on the variation in fer- 
tility among individual plants of a strain. Weights of seed 
per unit area harvested would probably be most desirable 
for this type of testing. 

SUMMARY 

Head samples of 30 seif-sterile clones of smooth brome- 
grass were counted for number of florets, spikelets, and seeds, 
Clonal differences were determined for seeds per head, florets 
per head, spikelets per head, florets per spikelet, seeds per 
spikelet, and seeds per floret expressed as percent fertile 
florets. The association of each of these characters with total 
seed production was evaluated. Percent of fertile florets 
seemed to be most useful as a measure of seed producing 
ability. 

* Lowe, ibid, ; ' 
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The roles of culm producdoii and seed si 2 e were discussed 
and a suggested method of donal evaluation given. 
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Effects of Cutting First Year Red Clover on Stand 
and Yield in the Second YeaY 

James H. Tome and Earie W. Hanson" 


S PKING seedings of red clover (XrifoliHui L.) 

' often produce abundant growth the first year. Under good 
growing conditions, the plants may reach a height of IS to 
20 indies and many of them bloom by the middle of Sep- 
tember. Numerous incjuiries have been received concerning 
the advisability of mowing such fields prior to the first win- 
ter. Studies at Ohio (3, 4, 5) have shown that: early cutting 
may be beneficia! but that late cutting usiially is detrimental . 
No .such studies have been reporied in tlie 
for areas as far north as Wisconsin. 

Willard (3) found that cutting red clover from Aug. 13 
to Sept. 1 in the seedling )’ear increased hay yields the next 
year as compared with iidds that were not cut, But that 
cutting from Oct. 15 to Nov. 1 was usually injurious. Wil- 
lard (4) and Willard and Lewis (5) : reportel that leaving 
combined straw on the field always resulted in obvious dam- 
age to red clover stands, but that cutting the stubble imme- 
diately after combining and removing the straw, hay, and 
weeds never resulted in damage. They further found that 
it was decidedly better to mow the grain stubble soon after 
combining and leave it on the field than not to cut it at all 
This practice, however, was not as beneficial as removing all 
material after cutting, Allen (1) reported that clipping red 
clover in Maiydand from mid-August to early September dur- 
ing the seedling year gave better stands and higher yields 
the second year than when not clipped. Removal of the 

^ Contribution from the Departments of Agronomy, and Plant 
Pathology, University of Wisconsin, Madison, Wis., in coopera- 
tion with the Forage and Range Section, Field Crops Research 
Branch, U.S.D.A. Rec. for publication Jan. 10, 1954. 

■ ® Professor of Agronomy, and Agent, U.S.D.A., respectively. 




clippings increased both stand and yield as compared to leav- 
ing the clippings on the field. 

Nilsson-Leissner (2) made similar studies in Sweden and 
found that cutting pure stands of red doxcr in the first week 
of Qctoberr of the seeding year reduced yields the foilowing 
year. He also found that when red clowr was grown in mix- 
tures with timothy (PhteHm jnMleusv I..) or oivh.irdgrass 
(LXh'lyl/s L.), October clipping reduced ihe total 

}'ield ot hay the following year in e\x.‘ry vase but increased 
the yield ol do\er in the mixtures in T of 6 conij.xirisons. 
Clipping reduced the yield of Schlesisk, a rei.ui^'e]y early- 
ilowej'ing lust growing broad-Iea\'ed strain, e\en when grown 
in mixtures with grasses. He did not invest i/xUe the effects 
of earlier clippings. 

The present study was made to determine under Wisconsin 
conditions the eff'ecis of cutting red do\T“r the iirst )e;ir on 
stand and yield in the second year, and to compare the 
effects ot removing and not removing dippings from cut 
plots. 

MATERIALS AND METHODS 

Seedings of red clover were made on May 7 in 1947, May 13 
in 1950, May 7 in 1951, and April 24 in 1952 at the rate of 
12 pounds per acre with a companion crop of tuits or barley. 
Barley, .seeded at 1 bushel per acre, was used as a companion 
crop in 1947; oats, seeded at 11/2 bushels per acre, was u.sed all 
other years of these tests. The seedings were made in Miami silt 
loam on the experimental farncs of the Wi.sconsin Agricultural 
Experiment Station near Madison, Wis. F.C. 13274, commonly 
called Wisconsin Mildew Resistant, was used in all years except 
1947 when a common red clover was seeded, d’he companion crop 
was removed at maturity with a binder in 1947 and 1950, and 
about a week before maturity in the other years with a forage 
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Table 1. — ^Tons per acre i>f uven-dry clippings, including weeds, 
produced during the seedling year at Madison, Wis. 


however, a large proportion of the plants had produced con- 
siderable bloom when the lirst frost occurred on Sept. 30. 
The yields of clippings increased from the iirst to the Iasi- 
cutting date in both i947 and 1950. In 1952, the first fall 


Date cut i 

: 

... ... 





1947 

1950 

1951 

19.52 

Aug. 31 - 1 

^ 

0.57 

1.71 

1.57 

Sept. 15.. ! 

0.41 

0.8.5 

1 . 76 

2.28 

Sept. 30- - ! 

0,69 

0.92 

1.43 

2.31 

Oct. 15., - . 1 

0.81 

1.06 

1.24 

1.96 

L.S.D. % i 

0.21 

0.22 

0.37 

0.77 

Coefficient of variation.!. 

IS. 7 

16.8 

14.9 

23.8 


frost did not occur until Oct. 3. Growing conditions were 


Xo cuniir; mail*' in Aut?u<t l'i*47. 


chopper. I'he plot.s were laid out in fields with uniform stands 
in a randomized complete hluck design with four replicates. 

Treatnieiits were imposed in the fall of the seedling year and 
their elTects determined the fulio\^'ing year. Each rejdicate was 
divided into 0 plots; H were cut 2 VS to 3 inches high with a 
Jari-mower and I was iei't uncut. Cutting was done on about 
Aug. 31* Sept. IS, Sept. 30, and Oct. 15. 'Fwo plots were cut 
on each date. 'Fhe clippings were removed from one and left on 
the other. In ttnly three cuttings were made, there was no 

August clipping. 

All plots were 9 by 20 feet in size, except in 1947 and 1948 
when they vere 15 l>y 6t) feet. Forage yields were based on 6- 
by 18-foot samples fsaun each plot except during 1947 and 1948 
wlien lu- by 50-foot s^amples were used. Ail yields are reported 
as tons of oven-dry forage per acre. Staiiil counts were made 
during late Octolxrr ijf the .seething year and the following May. 
Four rantkun 2- by 2-foot samples were counted per pi(»t on 
each date. 


RESULTS AND DISCUSSION 
Growth During Seedling Year 

The yields of clippings harvested during the seedling 
years of these tests are given in table 1. They differed from 
year to year, as is common in Wisconsin, due to inter-annual 
differences in precipitation and temperature, length of grow- 
ing season, date companioti crop was removed, and other 
factors. The growing season was short; the clover wasn’t 
seeded until May 13 and a lieavy fro.st occurred on Septem- 
ber 24. The plants were about 12 to 14 inches tall and had 
just commenced to blossom when tlic frost developed. The 
amount of growth during 1 94' 7 was similar to that of 1950; 


excellent through the month of August but September and 
October were very dry. The plants were approximately 19 
inche.s tall and blooming had just begun by Sept. 15. Little 
growth occurred after this date but blossoming increased so 
that flowers were abundant by Sept. 30. The above ground 
parts of all plants were severely frozen prior to Oct. 15 
which together with the drought caused some loss of leaves 
vind j-uobably accounts for die reduction of yield from Sept. 
30 to Oct. 15 (table 1), In 1951, the plants were approxi- 
mately 22 inches tall, and blossoms were very abundant by 
Sept. 15. There was little additional growth after this date, 
even though the ffrst frost did not occur until Oct, 8. The 
apparent reduction in yield after Sept. 15 cannot be explained 
entirely on the basis of deterioration. It seems likely that the 
plots allocated at random to the last two cutting dates were 
lower in productivity than the other plots. 

The weeds present in the forage during all years w^ere 
predominantly lamb's quarters (Chenopod'iNni aih/m L.), 
the yellow and green bristlegrasses (Setar/d lutesadis (Wei-, 
gel) F. T. Hubb. and S. virhlis (L.) Beauv.), barnyard grass 
(Ech'niocblod nmgdlU (L.) Beauv.), ragweed (AwhrasJa. 
drtediisiifolid L.), and rough pigweed ( AmariWth/is reiro- 
flex/is L.). No attempt w'a.s made to separate the weed.s from 
the clover in the fall clippings but the weeds appeared to 
he larger and more abundant in 1951 and 1952 than in the 
other years. This was probably because the growing condi- 
tions were more favorable and the oats were removed earlier 
in tho,se }^ears. Also, it may ha\'e been due partly to differ- 
ences in the amount of w^ced seed present in the various 
ffelds at the time the clover seedings were made. 


Effect of Management on Stand 

TJie effects of the \'arjOus treatiuents on stand of red clover 
are summarized in table 2. October stands were not signiti- 
canlly different on any of the plots in 1947 or 1950, but were 
different in 1,951 and 1952. In 1951, the uncut plots and 
those cut Oct. 15 on which the dippings were left had the 
poorcest staiuls. In the latter case, some of the weaker plant.s 


Table 2.- 


-Effect uf nine management treatments on stand of red clover in October of the seedling year 
and the following May at Madison, Wis. 


Treatments’^ 


Average nu mber of red clover pl ant s per 4 square feet on indicated date: 

Qct. May Oct. May Oct. 

1948 1950 1951 1951 1952 1952 


Not cut . 

Cut Aug. 31, left 

Cut Aug. 31, removed. 

Cut Sept. 15, left.. 

Cut Sept. 15, removed- 

Cut Sept. 30, left 

Cut Sept. 30, removed . 

Cut Oct. 15, left. .. 

Cut Oct. 15, removed-. 


L.S,D. 5%.. - 

Coefficient of variation.. 



* Indicates dale clipped plots were mowed in the seedling; year and whether clippings were left on the plots or ivinoved, 
t No data. , ' ■ , ■ 
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died, aft er cutting, appamicly to the smothering effect 
of the heavy covering of dippings. The lower stands for the 
uncut plots were probably due to diance in .sampling since 
higher stands were indicated for the same plots the follow- 
ing spring. Best stands in the 1932 test were recorded for 
the plots cut early and the clippings removed. 


Maximum effects of the tieatments on stand were seen 
in the spring following the year of seeding. Stands decreased 
on all plots during the winter of 19d7-48, the reduction 
being greatest for plots cut Oct 13, No significant changes 

in stand occLUTed during the winter of 1930 1931 except 

that plots cut Oct. 13 with the clippings left sliowed sub- 
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Fig, of cutting red clow in the first year on stand and vigor in the second year. AH plots were seeded . 

, photographed May Ip, 1953. (p Cut Aug. 31 and dippings removed from plot. (B) Cut Aug. 31 and clippings Ic 

rlloLnis “l«ft 15 and clippings left (E) Cut Sept. 30 and clippings removed. (] 

dippings left.. (G) Cpt Oct. 15 and dippings amoved. (H) Cut Oct. 15 and dippings left. (I) Check (not cut) 
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stantial ck-cTe.ises in stand. No .significant stand changes 
were ubscrved during the winter of 1951-1952 but large 
decreases occurred during the winter of 1952-53 on all jdots 
except those cut August 31 with clippings removed (fig- 
lire I ) . 

The 1952-53 data illustrate the importance of fall man- 
agement on winter survival of iirst year stands. A very lush 
growth of clover and v^^^eds developed on all plots during 
August 1932. In all cases where this growth was not removed 
from the plots before the onset of winter, substantial losses 
of stand occurred. These losses were due largely to ice sheet 
formation under the heavy mulch. In soiitheTn Wisconsin 
such mulches are a hazard to stands because they insulate 
the ice enabling it to persist for long periods. Mulches also 
increase damage from mice and diseases. Early clipping 
was much superior to late clipping. Plots cut Aug, 31 with 
the clippings removed produced the best stands. Plots cut 
Aug. 31 with the clippings left were not quite as good 
hut had many more plants than plots that had not been cut 
or plots that were cut Sept. 15, or later. Adequate soil mois- 
ture is very important to recovery after aitting. Sufficient 
moisture was present in August of 1952 but not in Septem- 
ber or October. Conseciuently, the plots cut in August made 
excellent recovery and were in good condition at the begin- 
ning of winter whereas the plots cut Sept, 15 or later made 
little growth after clipping and were small when the grow- 
ing season ended. Many of these small plants were lost or 
damaged by heaving (figure 2) during late March and early 
April of 1953. Late clipping should not be practiced in 
Wisconsin. ^ ' 


the plots never was beneficial in any of the tests and was 
detrimental to the 1952-53 pilots. 


Effect of Management on Vigor 

Tlie effects of management on vigor varied from ytear to 
year. These effects were evaluated during the year following 
seeding. In 1948 and 1952, plots Cut the preceding Sept. 
15, or later, were less vigorous and made poorer growth 
than those cut earlier and than those not cut in the seedling 
year. No differences in vigor or rate of growth were observed 
during 1951. In the spring of 1953, all plots except those 
cut Aug. 31 showed a marked reduction in vigor and very 
slow spring growth (figure 1). Leaving the clippings on 


Fig. 2.— -A seGond-year red clover plant showing the effects of 
heaving during the early spring of 1953, on plots that had 
been cut Sept. 30, 1952 and the clippings removed. Photographed 
May 19. 1953. 


acre of oven-dry forage of .secontl year red clover^ following various management practices 
during the fall of the seedling year, at Madison, Wis. 


* These data include weeds except for the second cutting of 1953 when they were removed from the clover prior to- weighing. Weeds were of minor conse- 
quence except in that cutting, 1 1 ' 

t Indicates date plots were cut in the seedling year and whether clippings were left on the plots or removed, ,, ^ ^ I • ' 








Year and cutting 






Treatment t 

1948 

1951 



1952 


1953 



First 

Second 

Total 

First 

Second 

Total 

. .■ ■ ■ 1 

First 

Second 

Total 

First 

Second 

Total 

Not cut _ 

1.78 ' 

0.45 

2.23 

2.20 

1.24 

3.44 

1.65 

0.88 

2.53 

0.78 

0.45 

1.23 

Cut Aug. 31, left ; 




2.36 

1.19 

3.55 

1.69 

0.86 

■:2,55'. 

1.60 

0.89 

2.49 

Cut Aug. 31, removed 




2.25 

1.17 

3.42 

1.92 

0.82 

2.74 

1.97 

1.22 

3.19 

Cut Sept. 15, left 

1.65 

0,39 

2.04 

2.14 

1.28 

3.42 

1.58 

, 0.70 

2.28 

0.35 

0.25 

0.60 

Cut Sept. 15, removed - - 

1.59 

0.30 

1.89 

2 .27 

1.23 

3.60 

1.58 

0.76 

2.34 

0.87 

0.40 

1.27 

Cut Sept, 30, left - 

1.66 

0.37 

2.03 

2.35 

1.19 

’ 3.64 

^ 1.43 

0V62 

2.05 

0.40 

0.31 

0.71 

Cut Sept. 30, removed 

1;61 

0,38 

1.99 

2.22 

1.23 

3.45 

1.43 

0.59 

2.02 

0.73 

0.35 

1.08 

Cut Get. 15, left„„ 

1,34 

0.29 

1.63 

2.11 

1.24 

1 3.35 

: 1.38 

1 0.55 

1.93 

' 0.44 

0.50 

0.94 

Cut Oct. 15, removed - 

1,46 

0,33 

1.79 

2.30 

1.20 

' 3.50 

1,44 

0,75 

2.19 

0,58 

.045 

1.03 

L.S.D. 

0.26 

■.■’■'OvlO':; 

0.21 

N.S, 

N.S. 

, N.S., 

, 0.17 

. N.S. 

0,37 

1 0.32 

0,31 

0.47 

Coefficient of variation „ . 

'ymo.:C 

18,8 : 


6.7 

6.1 

4.2 

: 7.4 

23,6 

4fl;vl,;:k; 

25.2 

39.5 

23.3 
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Effect of Managejiient on Forage Yield 

The yields of oven-dry forage for the years following 
treatment are presented in table 3. The quantities of weeds 
present were small in all harvests except the second crntting 
of 19532 Consequently, weeds were not separated from the 
clover except for that catting. 

The I94B data show that clipping on Sept. 15, or later, 
in the seeding year reduced yields the following summer. 
Greatest reductions occurred when the plots xvere clipped late. 
It made no difference in that year whether the clippings had 
been removed or left on the plots. No significant differences 
in yield were obtained in 1951. This was largely due to the 
extraordinarily favorable conditions for clover survival dur- 
ing the winter of 1950-51. 

Plots clipped Aug. 31 w^ith the clippings removed pro- 
duced significantly higher yields than all other treatments 
for the first hay crop in 1952 and for both hay exops in 
1953. It is important to point out, howwer, that plots 
clipped Sept, 30, or later, yielded significantly less forage 
in the first cutting of 1952 than those which were not clipped. 
It w^as concluded that clipping prior to Sept. 1 is not harm- 
ful and is sometinies benefieial but that clipping after this 
date is haxardoLLs uiKler Wisconsin conditions. 

Effect of Management on Weeds 

Generally, there was a highly significant negative corre- 
lation between the amount of weeds and stand of clover. 
Treatments that decreased stand increased the amount of 
weeds. This is illustrated by an analysis of the hay for the 
second cutting of 1953. Plots which had been clipped Aug. 
31, 1952, and had the clippings removed, had excellent 
stands and were virtually free of weeds. Plots not clipped 
in the seedlmg year and tho.se clipped on Sept. 15 or later 
had much poorer stands (table 2) and the hay from these 
plots contained from I.O to 1,2 tons of weeds per acre. 
More weeds were produced on plots wliere the first year’s 


growth had not been removed after clipping than where it 
had been removed. The differences varied from 0.26 to 0.59 
tons per acre depending on when the plots were clipped 
in the fall. 

SUMMARY 

The effects of cutting red clover in the fall of the seedling 
year on stand, vigor, and forage yield in the following year 
were studied at Madison, Wis. Comparisons were also made 
of the effects of removing and not removing the clippings 
from the field after cutting. 

The effects of these practices varied from year to year, 
depending on growing conditions cioring the seedling year, 
the severity of the w’iiiters, and other tactors, Clipping in 
late August was sometimes v^ery beneficial and was never 
harmful. Cutting on Sept. 15 or later was injurious in three 
of four tests and never increased yields. Removing the clip- 
pings immediately after cutting reduced tire amount of weeds 
and straw in the hay the following year and gave substan- 
tial increases in yield in some years. In general besi results 
were obtained when the first year's growth wms clipped Aug. 
31 and the clippings removed from the field. 
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Effect of Topdressing Permanent Pastures With Superphosphate on 
Beef Yields and Distribution of Available P,0, in the Soil' 


P. C. Sandal and C. L. Garey- 


M ost pasture soils of the humid region are deficient in 
available phosphate. Likewise, hundreds of soil tests 
in the Oijark Uplands of Arkansas, where soils range from 
stoney to gravelly silt loam in texture, indicate that over 
L 73% of the soils tested are extremely low in pliosphorus'*^ 

and can be expected to respond favorably to phosphorus 
fertilization. The soils are generally of moderate acidity. Sig- 
nificant increases in beef yields during several years of annual 
top dressings of 20% superphosphate on permanent Beonuda- 
iegume pastures liave been reported by Sandal, %?/ f//. (6). 
To further study the relationships between the observed pas- 
ture yields as indicated by the beef yields and the probable 
distribution of the applied P,,0. in the top-soil, a study was 
initiated to deternune tlie available at 1 -inch intervals 
of ilie pasuire soils to a depth of 6 inches. Root systems of 
tlie pasture species involved generally occupy this zone. Inves- 
, rigations were also made to determine if any observable 

variation in organic rnattei* and soil structure stability could 
be related to the fertilizer practices. A knowledge of the dis- 
tTibutic)n, ei]xx:tivti-i^ availability of 
ally as top dressings on pefnaanent pastuires established^ on 
soils typical of north Arkansas w'Ould aid greatly in making 
pasture fertilization recommendations. 

Variable results concerning the penetration of phosphate 
into the soil following top dressings have been reported. 
; Midgley (4) studied the penetration of phosphates and their 

availability on a Miami silt loam in Wisconsin and found 
that most of the phosphate vvas retained in the surface inch 
of soil after an interval of 6 months with the amount avail- 
able increasing as the rate of application increased. Robin- 
son and Pierre (5) studied the residual available phosphorus 
in three different soils from a 300-pound application of 16% 
superphosphate applied 11 and 7 years previously. They 
found large increases in available phosphorus in the surface 
layer of treated pasture soils, but no significant clfcct in the 
3- to 3-inch layer. Work by Schaller (7) in 1,94.0 indicated 
that in West Virginia pasture studies, phosphorus from supser- 
phosphate top dressings remained almost entirely in the 
surface U/t inches with a slight penetration to 3 inches 
after 8 years. Brown and Munsell (1) obtained results under 
Connecticut conditions similar to those of Schaller. 

Contrasting results from those previously mentioned are 
reported by Sell and Olson (8), Working with a Cecil sandy 
loam receiving varying rates of phosphate top-dressings, 
increases in available phosphorus were not found below^ 8 
inches where less than 160 pounds P^O. was applied 5 years 
; earlier. With heavier rates, penetration of the available phos- 

phorus was distinct in a soil depth of 12 inches. The authors 

i ^ Research paper No. 1 149, Journal Series, University of 

Arkansas, Fayetteville, Ark. Published with the permission of the 
Director of the Ark. Agr. Exp. Sta, Presented before Div. IX, 
/ American Society of Agronomy, St Paul, Minn., Nov. 11, 1954, 

Rec. for publication Jan. 19, 1954. 

[ ^Formerly Assistant Agronomist, University of Arkansas and 

now Associate Agronomist, North Dakota State College and Assist 
ant Agronomist, University of Arkansas, respectively. 

1 ^ Appreciation is extended to Dr. R. L. Beacher, Associate 

1' Agronomist, in charge of soil testing, Arkansas Agr. Exp. Sta. „ 


concluded that wdth light textured soils in a high rainfall 
area, penetration of phosphorus is greater than in the heavy 
textured soils. 

MATERIALS AND METHODS 

Bermuda-legume pastures receiving 0, 200 and 600 pounds of 
20% superphosphate per acre annually as top dressings from 
1946-52 were selected in the fall of 1953 to determine the pene- 
tration of PyO.v in a gravelly silt loam soil. These pasture.s are 
located at the Forestry and Livestock Branch .Experiment Statioii, 
Batesville, Ark. Three replicates of soil samples were taken from 
each pasture with ten random borings taken per replication. Each 
sampling per replicate was separated at 1-inch intervals in the 
profile from 0 to 6 inches in depth to make a composite sample 
of soil from each l4nch layer of soil. The samples were analyzed 
in the soil testing laboratory in duplicate for percent organic mat- 
ter, pH, and pounds of available PaOr,, Ca and K per acre. The 
phosphate was determined by extraction with NaHCDs at pH 8.0. 
Phy.sical analysis for soil structure stability was made by the wet 
sieving technique with a modification of 35 strokes per minute for 
10 miniites (2). 

v' t results ’; -' 

The plmsphate treatments, pounds of available P^O- per 
acre 6 inches, and acre beef yields from 1946-52 are pre- 
sented in table 1. Pa.stures not treated with phosphate pro- 
duced an av^erage of 6 1 pounds of beef per acre. In contrast, 
pastures topdressed annually with 200 and 600 pounds of 
superphosphate produced 275 and 382 pounds of beef per 
acre, respectively, a very significant increase. 

Distribution of P.^O.^ in Soil 

The average amount of available P^Or; per acre in the 6 
inche.s of top-.soil was found to be 11, 40 and 166 pounds, 
going from the check to 200 and 600 pounds of superphos- 
phate per acre, respectively (table 1). Highly significant dif- 
ferences in the amounts of P.^O. in the soii were measured 
among the pastures. A significant increase is shown in the 
pasture receiving 600 pounds of superphosphate per acre at 
all depths, and in the top 2 inches for the 200-pound treat- 
ment, (figure 1). The 3- to 6-inch depths for the 200 pound 
treatment did not differ appreciably from each other or the 
check. 

In the check, pastures, the available P.^O. in the soil was 
very low and varied little at each 1-inch interval from the 
surface to the 6-inch depth. An application of 200 pounds of 
super per acre annually increased the pounds of available 

Table 1. — Beef yields obtained from Bermuda-legume pastures 

and available PsOr, in the top 6 inches of soil resulting from 
annual topdressing with superphosphate at rates 
indicated during 1946 ~ 1952 . 



Pounds 

Beef yield 

Rate of 20 % superphosphate 

available 

pounds 

per acre (pounds) 

PiiO sper acre 

per acre 






275 



382 



229 


230 
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depth of soil in inches 

Fig. 1.- -Pounds of available PtO.-, per acre at iTnch interval soil 
depths resulting from 0, 200, and 600 pound applications of 
20% superphosphate per acre as annual topdressing on Bermuda- 
legume pasture during 1946-52. 


PoO^ per acre to 117 in the surface inch of soil, 43 in the 
second inch, and 23 in the third inch of soil. The amounts of 
available P.^>0., decreased some from the 3- to 6- inch level 
with only 17 pounds available at the 64nch level which 
were little dilferent from -the measured P^O. in the check 
pasture. These data indicate that most of the P^O-f applied 
in the superphosphate at the rate of 200 pounds per acre 
annually remained near the surface of the soil, yet the 
response in pasture growth was very good as measured by 
increased beef yields. Lawton (3) has shown that many 
plants are capable of obtaining most of their needed P.^O. 
from the top 2 or 3 inches of .soil. Thus the response in 
beef yield from this treatment can be accounted for since the 
pasture species involved have a relatively extensive shallow 
root system which had access to adequate quantities of P.X)., 
near the surface of the .soil. 

When 600 pounds of super were broadcast per acre annu- 
ally, a considerably increased content of P.^O. was found at 
all levels of the soil. The surface-inch contained 257 pounds 
of available P^iO. per acre with 236, 160, l47, 117, and 
93 pounds available at the 2, 3, 4, 5, and 6 inch levels, 
respectively. Beef yields were greatly increased from this 
pasture receiving a heavy rate of fertilization as well as a 
greater depth of penetration of P^O- into the soil Although 
the concentration of PaOp, decreased with depth, the amount 
of available PoO..^ at the 6-inch level was adequate to sustain 
vigorous plant growth. It seems apparent that the more favor- 
able distribution of P^O- in the soil encouraged a more ex- 
tensive root system of die forages which enabled uptake of 
phosphate in a greater feeding area. This could account for 
the greater beef yields, a measurement of increased plant 
growth, from this pasture over the pasture receiving 200 
pounds of superphosphate which had an accumulation of 
P^Oj. resulting in a favorable root-feeding zone confined 
fergely to the top 2 . or 3 inches of soil. 
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DEPTH OF SOIL iN INCHES 

Fig. 2,- Effect of amuiui topdressing Bernviida-ieguine pastures 
with superpht)sphate iipuii the resulting formatiun of water, 
stable soil aggregates at l-inch interval soil depths during 
1946-52. 



Fig. 3,--~Percent t)rganic matter at i-incli interval soil depths result- 
ing from 0, 200, and 600 pound applications of :H)G super- 
phosphate per acre as topdressing on Benmida-legume |xistures 
during 1946-52. 

Soil Structure Stability 

In figure 2 data are presented for the water stability of 
soil aggregates >0.25 mni in diameter at each of the 6 
levels of the soil on the variously pho.sphated pastures. On 
the average, the stability of .soil aggregates in the 6 inches 
of topsoil was significantly lowx^r in the check pasture than 
the two phosphated pastures, with the heavily phosphated 
pasture significantly superior to the pasture topdressed with 
200 pounds of superphosphate per acre annually. No great 
differences are found at the surface among the phosphated 
pastures; however, the soil stability of the check pasture w'as 
decidedly lower. The lack of surface improvement may liave 
been due to excess trampling by grazing animals since all 
pastures were grazed at full caixicity. As the soil depth in- 
creased, an improved soil structure was evident in both phos- 
phated pastures with the heavily phosphated pasture being 
the most consistent in response, increasing gradually to the 
depth investigated. In the check pasture, the .stability of the 
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soil aggregates decreased with increasing depth below 2 
inches. In the 2CI0»pound applications, however, this decrease 
in stability did not occur until a depth of 4 inches had been 
reached. Here the percentage of stable aggregates decreased 
rapidly to the same value at 6 inclfe as was found in the 
non-treated pasture. The improved structural condition of 
the soil, varying among pa.sture.s, probably resulted from 
increased root growth and microbial activity as reflected by 
the organic matter amtent measured in the separated samples 
of the top soil (figure 3), 

Organic Matter Distribution 

The organic matter distribution data for these same pas- 
tures are presented in figure 3. Organic matter was increased 
at ail depths of the soil almost in proportion to the amount 
of applied. Undoubtedly this could be accounted for 
by the greater top- and root-growth observed in the pastures 
in terms of beef }'ields and actual root material measured. The 
increased growth and extension of nx)ting had permitted the 
redistribution of oigan ic matter at higher levels with increased 
phosphate fertilization. The pastures having the highest 
organic matter content were also improved in soil structure, 
the latter characteristic undoubtedly being a re.sult of organic 
matter and root growth and microbiaractivity. 

The phosphatcd pasture soils were significantly higher in 
organic matter than the check pasture to a depth of 4 inches. 
The heavily phosphatcd pasture soil wees significantly higher 
than either of the ikdicr two pastures at the 2- and 64nch 
depths only, \X4lhin pastures, the organic matter in the soil 
varied significantly from the top inch to the 64nch layer 
of soil for Till thi*ee pastures. 

DISCUSSION 

II is felt tiiat the data obtained under actual pasture condi- 
tions have considerable value and application to pasture fer- 
tilizer practices. Since the pa.sture responded to varying rates 
of phosphate fertilization it appears to be logical that the 
observed response was influenced directly by the amount and 
depth of P^O-, penetration. 

Tire results obtained agree with the results of Sell and 
Olson (8) in that the concentration in the soil layers and 
penetration of P.O. in the soil to at least 6 inches depended 
on the rate of F/). applied. This is in contrast to work of 
Midgley (d), Scha'ller (7) and Brown and Mimsell (1) 
which nulicated that on hea\‘ier type soils, penetration of 
PnO- was limited to the top 2 or 3 inches of soil but con- 
current with the observation that the concentration of P^O- 
in the soil is jxisitively related to the rates applied. Undoubt- 
edly the gravelly silt loam soil ot the Ozark Uplands in 
association with high rainfall and a long growing season 
W'as conducive to mo\cment of PoO. in soil by direct leach- 
ing. Redeposition of P.D. in lower layers could also be 
accounted for by root decay with the more extensive root 
systems e\ddent in the heavily phosphated pasture responsible 
for its greater concentration of P.D.-, 6-inch soil layer. 


The conclusions derived from this study show that highly 
productive Bermudadegiime pastures can be established and 
maintained by topdressing with phosphate fertilizers. No data 
were available to determine whether incorporation of the 
phosphate fertilizer in the plow layer of soil would give more 
highly productive pastures than topdressing. Irrespective of 
thi.s lack of comparative data, it appears practical and profit- 
able to topdress permanent pastures on lighter soils with 
superphosphate until such times when equipment is avail- 
able which can distribute plant food in the plow layer of 
permanent-type pastures. 

SUMMARY AND CONCLUSIONS 

A study was made to determine the available P.Dj., organic 
matter content, and soil structure characteristics in l-inch 
layers of the top 6 inches of soil in Bermuda-legume pastures 
in the Ozark Uplands fertilized annually for 7 years with 

0. 200 and 600 pounds of superphosphate. 

Pastures topdressed annually with 0, 200, and 600 pound.s 
of superphosphate produced 61, 275, and 382 pounds of 
beef per acre, respectively. 

The concentration and depth of P^O. movement in the 
.soil was dependent primarily on the rate of PD. applied. 
Penetration of adequate amounts of P.D- for plant growth 
did not occur below the 34nch depth at the moderate rate 
of phosphate fertilization, wherea.s considerable penetration 
occurred to a depth of 6 inches under heavy fertilization. The 
relationship between soil type and climate in relation to phos- 
phorus movement in the soil is discussed. 

A consistently higher organic matter content and improved 
soil structure in the various layers of the top soil w^ere as.so- 
ciated with increased rates of phosphate fertilization. 
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Expression of the Gene in the Endosperm of Maize 

J. H. Davis, H. 'H. Kramer, and R. L. Whistler" 


T he gene du in corn has been shown to have an inipor- 
tant inil-uence on the properties of the starch produced 
in the endosperm. MangeLsdorf (7) located du on chromo- 
some 10 and Cameron (1) showed that it interacts with sii^ 
to increase the amylose or straight chain fraction of starch 
from approximately 25% as found in normal dent corn to 
65M% and with its allele to increase amylose content 
to 50.0%. 

Kramer and Whistler (6) showed that sm, on chromosome 
6, also increases amylose content, and Dvonch, al. (4) 
and Dunn, e7 (d. (3) showed that su^ and du are additive 
in their effects and that the interaction of du with sii also 
occurs in the presence of su^. Thus it was possible to obtain 
17% amylose in endosperms triply recessive for su, siu and 
dll. Because of the undesirable effect of sii in causing a reduc- 
tion in total starch and an increase in water soluble poly- 
saccharides, attention has been turned to a search for and a 
more intensive study of genes which have minor observable 
effects but like du may be eilective in changing the com- 
position of the starch molecule. One such important case (2) 
has been found but the genetic basis was not reported. 

MangeLsdorf (7) noted in cultures in which du and 
were segregating, that some ears gave clear-cut segregation 
while in others an intergradation of phenotypes made accu- 
rate classihcation impo.s$ibie. He reported also that in some 
progenies du gave a distinctive dull appearance to the seeds. 
It is the purpose of this paper to present the results of a 
more detailed study of the expression of the gene du in 
relation to other tndc)sperm factors. 

MATERIALS AND METHODS 

In 1946, seed from a selfed ear Co,43-'213-l, which was indi- 
cated to be segregating Dudu, was obtained from the Maize 
Genetics Cooperation Center. The following year, seeds on two 
of four selfed ears on progeny plants could be separated into 
approximately 3:1 ratios for normal /a, opaque endosperm. In 
1948 seeds from both cUisse.s were grown. Nine plants from the 
normal class and .six from the opaque class were selfed. 'fhree of 
the nine bred true for normal while the other si.x again segregated 
for normal t's, r)paque in approximately 3-i; ratios, All six plants 
grown from the opaque cl as.s bred true. Seed from one selfed 
ear breeding true for normal and from one breeding true for 
opaque were used as parents in this study. Anticipating the data 
to be presented later, these sibling lines will be assigned geno- 
types Dum (dominant dull-modiherj and duDuju respectively. Imur 
other parents. Inbred M 1.4, and lines homozygous for du. sif‘”V 
and sif‘”Hu were used; The genotypes of the parents, .seed appear- 
ance, and original sources are summarized in table 1. 

In 1951, the 15 possible Fi crosse.s among these 6 parents were 
made and in 1952, 13 of the ,Fi progenie.s were .seif-pollinated and 
pollen used on silks of the two Ft progenies of du X diiDum 
and du X Dum, as well as on the sir* "‘du parent. 

An additional phase of the study involved a determination of 
the phenotypic variation among inbred lines derived from a 
cross of the opaque dent parent (duDum) with the su""‘dii line 
of Cameron (1). The cross was made in 1948 and selections 
made within and among selfed lines from 1949 through 1952. 


Coatiibution from the Departments of Agronomy and Bio- 
chemistry, Purdue University, Lafayette, Inch Journal Paper No. 
830 of the Purdue University Agr. Exp. Sta. Part of a thesis 
submitted by the senior author in partial fuJliIIment of the require- 
ments for the degree of 'Doctor of Philo.sophy. Pec, for publication 
Jan, 12, 1955. 

^Formerly graduate assistant, now Agronomist, Texas Research 
Foundation, Renner lex.. Professor of Genetics in Agronomy, and 
Assistant Head, Department of Biochemistry, respectively. 


Twenty-six Fi lines were compared in 1951. Plants were selted 
and used as male parents on ears of the F? du X duDum .uid 
on ears of the siP"’du parent. 

EXPERIMENTAL RESULTS 
lx and Testcross Ratios 

A fairly distinct, although not always certain, cLissiffcation 
of kernels could be made for a normal dent an opaejue 
t)*pe which sometimes ueis accompanied by sliglit wrinkling, 
and a translucent, somewhat wrinkled phenoiyy-e as shown 
in figure 1. The results of dassilying the E. seeds and the 



Fig. 1. -Ntu'iiial starchy corn at left, cqsaque seeds, center, and 

traaslucent seeds, right, obtained as segregatt'^^ trom a tross of 
si0''’du X Dum. 


.seeds on the and Fj tester.s are gixen in the iir.st 

half of table 2. There was nt? ohher\able segregation from 
intCTcrDS.sing Ml 4, Du„,, and eitlier in or on the 

testei's. 'When ,Mi4 and .Duj.j were, used' in comparable 
crosses with duDuj„ and su'*“Mu, there were, in the Ix, con- 
sistently' more' nomial, kernels and fewgr' opaque kernels from 
the Ml 4 crosses than from the crosses indicating that 
though both .stocks are norma! with respect to the 
and du loci, the line has a modifier or modifiers which 
permit an opaque expression in a greater number of endo- 
sperm genotypes. A similar conclusion is .ipp.ux'nt from 
comparable crosses in\idving the du auii duDu.jj parents 
with MM, su*^**L and sif‘»‘dii. Assuming complete dominance 
of Du and a single dominam moditkT (DUni) h,^ he neces- 
.sary for the expression of du, If^ giihnypk coinbiiiations 
of Du,j, and are pics.sible in triploid maj 2 t endosperms 
iiomoiiygoiLs for du. Phenot}’pes may be assigned lo these 
ill attempted conformaneg widi tlie obtained ratios presented 
in tabic 2. The as.signed genotypes and proposed phenotypes 
arc given in table 3. From these phenotypes, expetted ratios 


Table 1.— Genotype, appearance, and origin of parental lines. 


1951 


; ’ ■ 


Cui- : 

■■ .Genes;'"..',; 

I Appearance 

Original .source 

ture ! 

■ 

Homozygous j 

|, ; of '■■seed;'. ■■ 

.168. 

Su Du Du,n' 

1 ■ ■■. ■■■:, ■: 

normal dent 

1 Co, 48'-21S-l,''See'text 

174 ; 

Su Du du„, i 

normal dent 

Inbred M14 

168 1 

Su du Du,u i 

opaque dent 

; Co, 43-218-T, see text 

159; 

Su du dUn, , 

normal, dent 

i su du, Cameron H)* X 

166 

su""‘ Du du,„ 

normal dent 

su«’*'du, Cameron (1) X 

;■ -..su, 

168 ^ 

du duu, 

translucent ' 

su*“»du, Cameron (1) X 
su“''*du, Co, 41“i48-3 


See literature citatum. 
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Table 2. Observed and expected ratios of normal; opaque: translucent endosperms on ears of self-polinated Ei plants 

and on ears of selected testers. 


Cross 

.No. 

Cross 

Observed 

Expected 

F 1 self- 
pollinated 

( du X 
duDum) 

X F, 

(du X 
Du,„) 

X Fi 

su '““du 

X Pi 

P i self- 
pollinated 

(du X 
duDUm) 

X Fr 

(du X 
Du,„) 

X Pi 

su*‘’'^du 

X Ft 

1 

M14 X. - ' 

All : 0: 0 

All : 0:0 

All: 0:0 

All :0: 0 

A11:0:0 

All :0:0 

All :0:O 

All ;0 :0 

2 

M14.Xsu'^ 

All : 0: 0 

All : 0:0 

All: 0:0 

AH :0: 0 

All :0:0 

All :0:0 

AH :0:O 

All :0:0 

i. 

DiJm X.su'**" 

All : 0: 0 

All: 0:0 

All: 0:0 

All :0: 0 

A11:0:0 

All :0;0 

All:0:O 

All :0 :0 

. 4., 

M14 X diiDum, 

874:233: 0 

129: 89:0 

282: 69:0 

68:0: 62 

13:3:0 

5:3:0 

13:3:0 

1:0:1 

,.o , 

Dlfin X duDunt 

207: 79: 0 

115: 95:0 

302:100:0 

113:0:123 

3:1:0 

1:1:0 

3:1:0 

1:0:1 

6 

M.14 X' su'‘‘’‘dii-... 

646: 58: 99 

204:131:0 

246: 69:0 

78:0:72 

13:1:2 

5:3:0 

13:3:0 

1:0:1 

r* 

i 

Du„i X su''“‘du.- _ - . „ 

841:126:150 

148: 92:0 

233: 58:0 

101:0: 91 

49:7:8 

9:7:0 

25:7:0 

1:0:1 

. S 

du X' M14_ 

All : 0: 0 

233: 91:0 

'265: 48:0 

25:0: 21 

All :0:0 

3:1:0 

7:1:0 

' 1:0:1 

4 

duDiiu.. X Mi4,.. - ... 

1 874:233: 0 

129: 89:0 

282: 69:0 

68:0: 62 

13:3:0 

5:3:0 

13:3:0: 

1:0:1 

9 

du X su 

1 1141:115:181* 

! 218:142:0 

187: 57:0 

76:0: 83 

13:1:2 

5:3:0 

13:3:0 

1:0:1 

10 

I duDuni X'sir‘'X- 

1 1320:217:162* 

1 160:121:0 

237: 74:0 

68:0: 77 

49:7:8 

9:7:0 

25:7:0 

1:0:1 

11 

; du X su-‘'“du ■ : 

284: 0:297 

173:186:0 

211: 74:0 

0:0:A11 

1:0:1 

1:1:0 

3:1:0 

0:0: All 

12 

duDuni X su‘*“'du 

83:434:483 

I 68:191:0 

165:145:0 

0:0: All 

1:7:8 

1:3:0 

9:7:0 

0:0: All 

VI 


552: 0:180 

152:163:0 

^ 198: 78:0 

66:0: 79 

3:0:1 

1:1:0 

3:1:0 

1:0:1 


V .lor. fif fit. .c^O.OS. 


for each of the crosses and test crosses then were established 
and are presenlod in the last half of table 2. Chi square 
tests for goodness cjf fit of the observed ratios in table 2 to 
those expected showed no significant deviation for 50 of the 
52 ratios. The ratios for crosses 9 and 10 which involve 
a coniparison of du and duDiij^j crossed with su‘^«du showed 
significant deviations from the 13:1:2 and 49:7:8 ratios 
expected. Nevertheless, the greater proportion of opaque ker- 
nels in the diiDuj,i cross is in accord with the concept of 
the presence of a modifier in addition to du. 

It should be pointed out that classification is more diffi- 
cult on some ears than on others and although the evidence 
seems clear that classification for opacity due to du is en- 
hanced by Li modifier designated here iivS Duju the presence 
of other factors which may modify the expression of du is 
by no means excluded. For example, Jones (5) showed that 
the expression of su could be altered by selection of modi- 
fying factors, Evidence for the presence of similar additional 
modifiers is afforded by a comparison of homozygous lines 
derived f lorn a cross of duDu„i X su*‘“^du. 

Variability Among Lines Homozygous for du 

In 1948, when the cross of the opaque dent parent with 
Cameron’s (1) su*»»du line was made, it was presumed 
that the opaque dent was du and single factor segregation 
for Susir”“ would be obtained. In subsequent generations, 
however, segregation for translucent kernels was not clear 
cut. Twenty-six lines were carried through The lines 
fell easily into two broad categories; 11 were opaque dent 
and 15 were translucent. 

Pollen of both opaque and translucent lines, applied to 
the sm^^^du tester line produced only wrinkled, translucent 
kernels showing that du was homozygous in all recovered 
lines. 

Differences between lines within botli the opaque and 
wrinkled group were readily apparent with respect to degree 
of wrinkling and shades of color, and arbitrary classes were 


Table 3.— “Number of doses of each of the genes su“’*\ and Du, 
in tripioid maize endosperms homozygous for du and the 
phenotype assigned to each dosage combination. 

N = normal, O = opaque, T = translucent. 


Does of Duiu 

Doses of 

0 

1 

' 2; ■' 


0 -c_' 

N 

0* 

T 

T 

T....,-' - 

0 

O 

T 

T 

9 . 

G 

O 

T 

T 

3:.:. 

0 

O 

T 

T 


* Cannot fie distin.i'uished from minnal in .some cases. 


established from T zz highly wrinkled to 9 ^ full dent. 
Table 4 pre.sents this classification of the 26 lines in relation 
to the percent anlylose in the endosperm starch and the seg- 
regation on the of du X duDu„i. Although there is varia- 
tion between lines within genotypes both in degree of wrink- 
ling and in percent amylose in the starch, there is no indi- 
cation of relationship of the two characters within genotypes. 
The translucent lines, how'ever, are, as a group, more wrinkled 
and higher in amylose than the opaque lines whidi is ex- 
pected from the interaction of clu and su’^^“ shown, by Cam- 
eron ( 1 ) . \X'^ith one exception, pollen from each of the 26 
lines, applied to silks of the of du X L)Un^ gave a ratio 
of 1 normal: 1 opaque. In spite of this one significant devia- 
tion, however, a test failed to reveal heterogeneity in 
segregation for the 26 lines. From the phenotypes presented 
in taWe 3, a 1 : 1 ratio could be obtained only if the recovered 
lines were homozygous for duDum. A dudun_^ line is expected 
to result in a 3:1 ratio of normal: opaque, and this ratio was 
realized when a du line was used as a check in the last line 
of table 4. Three other lines which were used as checks did 
not carry du and gave no observable segregation on the F^ 
tester. ' 



Expression of the Gene in the Endosperm of Maize' 

J. H. Davis, H; H, Kramer, and R. L. Whistler- 

Twenty-six F.t lines were a:Mnparcd in 1952. Plants were selfed 
and used as male parents on ears of the Fi of du X duDunj and 


T he gene du in corn has been shown to have an impor- 
tant influence on the properties of tlie starch produced 
in the endosperm. Mangelsdorf (7) located du on chromo- 
some 10 and Cameron (1) showed that it interacts with s% 
to increase the amylose or straight chain fraction of starch 
from approximately 25% as found in normal dent corn to 
65.0% and with its allele su-*'“ to increase amylose content 
to 50.0%. 

Kramer and Whistler (6) showed that su^, on chromosome 
6, also increases amylose content, and Dvonch, et al. (4) 
and Dunnf c/ d. (3) showed that su^ and du are additive 
in their effects and that the interaction of du with su also 
occurs in the presence of Thus it was possible to obtain 
77%> amylose in endosperms triply recessive for su, siu and 
du. Because of the undesirable effect of su in causing a reduc- 
tion in total starch and an increase in water soluble poly- 
saccharides, attention has been turned, to a sea,rch for and a 
more intensive study of genes wiaich have minor observable 
effects but like du may be effective in changing the com- 
position of the starch molecule. One such important case (2) 
has been found but the genetic basis was not reported. 

Mangelsdorf (7) noted in cultures in which du and .su‘"*V 
w^ere segregating, that some cars gave clear-cut segregation 
while in others an intergradation of phenotypes made accu- 
rate ciassiffcadon impossible. He reported also that in some 
progenies du gave a distinctive dull appearancefto the seeds. 
It is the purpose of this paper to present the results of a 
more detailed study of the expression of the gene du in 
relation to other endosperm factors. 

MATERIALS AND METHODS 

In 1946, seed from a selfed ear Co.43-2 13-1, which was indi- 
cated to be, segregating Dudu, was obtained from the Maize 
Genetics Cooperation Center. The following year, seeds on two 
of four selfed ears on progeny plants could be separated into 
approximately 3:1 ratios for normal vs. opaque endosperm. In 
1948 seeds from both classes were grown. Nine plants from the 
normal class and six from the opaque class were selfed. Three of 
the nine bred true for normal while the other six again segregated 
for normal opaque in approximately 3:1 ratios. All six plants 
grown fnyn the opaque class bred true. Seed from one selfed 
ear breeding true for normal and from one breeding true for 
opaque were used as parents in this study. Anticipating the data 
to be presented later, these sibling lines will be assigned geno- 
types Dum (dominant dull-modifier) and duDum respectively. Four 
other parents. Inbred Ml4, arid lines homozygous for du, 
and su'^^'^dii were used. The genotypes of the parents, seed appear- 
ance, and original sources are summarized in table 1. 

In 1951, the 15 possible Fi crosses among these 6 parents were 
made and in 1952, 13 of the Fi progenies were self-pollinated and 
pollen used on silks of the two Ft progenies of du X diiDu,„ 
and du X pum, as well as on the su“'“du parent 
An additional phase of the study involved a determination of 
the phenotypic variation among inbred lines derived from a 
cross of the opaque dent parent (duDum) with the su*'"”du line 
of Cameron (l). The cross was made in 1948 and selections 
made within and among selfed lines from 1949 through 1952. 


^Contribution from the Departments of Agronomy and Bio- 
chemistry, Purdue University, Lafayette, Ind. Journal Paper No, 
830 of the Purdue University Agr, Exp. Sta, Part of a thesis 
submitted by the senior author in partial fulfillment of . the require- 
ments for the degree of Doctor of 'Philosophy. Rec. for publication 
Jan. 12,- 1955. 

J^Forrneriy graduate assistant, now Agronomist, Texas Research 
Foundation, Renner Tex., Professor of Genetics in Agronomy, and 
Assistant Head, Department of Biochemistry, respectively. 


on ears of the su‘"‘'du parent, 

EXPERIMENTAL RESULTS 
and Testcross Ratios 

A fairly distinct, although not always certain, classiffcution 
of kernels could be niade for a normal dent tyjx% an opaque 
type which sometimes was accompanied by slight wrinkling, 
and a translucent, somewhat wrinkled phenotype as shown 
in figure 1. The results of ciassiiying the seeds aiKl the 



Fig. 1.— Normal starchy corn at left, opaque seeds, center, and 
translucent seeds, right, obtained as segregates from a cross of 
siT'Mu X Du„„ 


seeds on the SLf^^“du and iq tccstecs aixr in tlu- first 

half of table 2, There was no obserwibic seg regal ion from 
iiitefcrossiag Ml4, Dujii, either in lii, or on the 

testers. When M 14 and DiUi were used in comparable 
crosses with duDii,„ and .siF‘"kki, there were, in the con- 
.sistently more normal kernels and fewer opacjiie kernels f rom 
the Ml 4 crosses than from the Du^^j crosses indicating that 
though both stocks are norma! with respect to the 
and du loci, the Du,jj line has a modifier or modifiers which 
permit an opaque expression in a greater nunibei: of endo- 
sperm genotypes. A similar conclusion is .{['''parent from 
comparabie crosses involving the du and diiDic^ parents 
with Ml4, and sir***‘du. Assuming complelc ilojuiiKuiie 
of Du and a single doniinaiU modifier (Dujjj ) Jo he Jiu.c '0 
sary for the expression of du, 16 genoiypic tomhitiariiMis 
of Diini and su***” are possible in tri ploitl niaize crkl ^spenns 
homozygous far du. Phenotyix^^ Lx- assigned to ihese 
in attempted conformance the obtained ratios presented 
in table 2. The assigned genotypes and proposed p]ieni>types 
are given in table 3, From these phenotypes, ex jxeted ratios 


Table 1. — Genotype, appearance, and origin of parental lines. 


1951 
Cul- 
ture ; 

Genes 

Homozygous 

; Appearance 
of seed 

Original source 

169 

! Su Du Du,n 

, normal dent 

!■ Co. 43-21S-4 , see text. '' 

174 

Su Du du,n 

normal dent 

Inbred M14 

168 

Su du DUn, 

opaciue dent 

1 Co, 43-213-1, see text 

159 

Su du dUm 

normal dent 

su du, Cameron X 

su a, Co, 44-19“5 

165 

Du duui 

V, i 

normal dent i 

su’<"'du, Cameron (11 X 
su, Co. 45-73-2 

163 

su*""* du dUn, 1 

’C; T4v, ; ,c1 

translucent i 

su‘""du, Cameron (1) X 
su««‘du, Co. 41-148-3 


* See literature citation. 
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Tahlf 2. - OUH-ru'.i :in<l i-xpt-.a,i r.ni.is of normal; opaque; translucent endosperms on ears of self-polinated Fx plants 

aiiii t)n ears a^ selected testers* 


<Jhsorvo(l 


Expected 


CrasK 


('foss 




j uili X' 

(du X 

i ~ 

I 



(du X 

(du X 


Mo. 




F 

, Hell- 

i duDunC 

Duu.) 1 

su -‘’'’du 

F , self- 

duDUnf) 

Du,n) 

su‘‘**‘du 


i . 



; ■ poll mated 

1 X 

F, ; . 

X 

F , 

X F, 

pollinated 

X F, 

X F, 

X F, 

'■ . 1 

: .\ii4 ■ 

< Di 

i;;,. 

I ■ All : 

0 

0 

1 All 

0:0 I 

AH : 

0:0 

All :0 

0 

All :0:0 

All :0:0 

All :0:0 

1 A11:0:0 

.# 

1 M14 

< m 


1 All ; 

0 
■ i) 

Cl . 

1 - All 

-0:0 i 

All : 

0:0 

Ail :0 

0 

1 A11:0:0 

All :0:0 

All :0:0 

' All :0 :0 


; DU:;, > 

^11 


: All : 

Cl 

Ail : 

0:0! 

AH : 

0:0 

All :0 

0 

All :0:0 

All :0:0 

AH :0:0 

A11:0:0 

4 

i M!4 

■: do 

Dir.,,, ■ 

; 874-: 

24:1 

u 

J29 

89:0 

28-2: 

69:0 

6S:0 

62 

13:8:0 

5:8:0 

18:3:0 

1 1:0:1 

5. 

i' Dir,, '> 

*: du 

: 

: 21,17; 

79 

0 

1-115 

95:0 

1 402: 

100:0 

118:0 

123 

8:1:0 

1:1:0 

8:1:0 

1 1:0:1 

b 

i Ml4 ;■ 

HU 

. 

646: 

5.8 

99 i 

^ 204 

141:0 

^ 246: 

69:0 

: 78:0 

72 

: 18:1:2 

5:8:0 

13:3:0 

1:0:1 

"i 

1 :> 

HlJ: 



: 841 : 

'126 

ioCi 1 

i 148 

92:0 

: 244: 

58:0 

101:0 

91 

: 49:7:8 

9:7:0 

25:7:0 

1:0:1 

8 

|.dy X . 

M U 


Al!: 

1) 

0 i 

244 

91:0 

265: 

4S:0 

1 25:0 

21 

: All :0:() 

8:1:0 

7:1:0 

i ■ 1:0:1 

4 

1 dui'hr- 


M'l 4 .''' ,b , 

; 874: 

244 

0 j 

129 

89:0 

: 282: 

69:0 

|, 68:0 

62 

1 18:3:0 

5:3:0 

18:8:0: 

j 1:0:1 ■ 

if 

■ dy :x' i 

m 


^ .1141: 

Ho 

l8P'i 

218 

142:0 

187: 

57:0 - 

' 76:0 

88 

' 18:1:2 - 

5:8 :0 

18:8:0 

^ 1:0:1 

icy , 

: diil'yii. 

: >■ ^ 

Sll '"X,. , , , ' 


2,1,7 

im* j 

.160 

121:0 

247: 

74:0 

: 68:0 

77 

49:7:8 

9:7:0 

25:7:0 

1 1:0:1 

n 

: ily :< ; 

-11 

du 

^ 284: 

6 

297 

174 

186:0 

211: 

74:0 

0:0 

AH 

1:0:1 

! 1:1:0 

8:1:0 

1 0:0: All 

1 :1 

1 diiOir. 


HU 

84 : 

444 

484 

■ 68 

191:0 

165: 

145:0 

0:0 

AH 

1 1:7:8 

1:3:0 

9:7:0 

0:0: All 

i;i 

: > 

kU. 

"-^'dU -, .. : . j 

: . 322: 

1} 

180 

152 

164:0 

198: 

78:0 

66:0 

79 

■ 8 : 0:1 

' 1 : 1:0 

1 

8 : 1:0 

1 : 0:1 


lot/mch of llie, and ic:sii criissirs tlieii .were established 

and ^afe pri'Siirled . io the hall' of- table 2 . Chi 'square 
t:es'is , ii>r goodrie:ss 4 : 1 ! ni «l: il'ie observed- ratios: in table 2 to 
those eKpeciai shiiwed im sijiiiitkaru: deviation for 30 of the 
32 ratios. The F,, ratms for crosses- 9 - and 10 ’which involve 
.a- coiTiparisoii of ■ do and diiDiijcj crossed with su'^^klu showed 
signitont’ deviations from the, 13:1:2 and ‘- 19 : 7:8 ratios , 
expected, Neverthekss, the- greater proportion of- opaque ker- 
nels ' in the diiDy,,,' 'Cross is in accord with the concept oi 
the presence of a' iiiodiiierdn addition to du. 

It should be -pointed -out.- 'that ckissiiication is inoi*e' diffi- 
■iult 00 same ea,rs fhaivon others and' altho'ogh the evidence 
seems .clear thrit ilassiticarion for opadig due' to du is cn- 
haiKkd by a modifier dtsignaud here as the presence 
i\( uihu' Fhtors uhkli may modit) the expression oi du is 
by I'lo incai'iS' cKcl ikied, Idir eKaniple, Jones: (3): showed tliat 
the ' expreS'Siiin erf sii be 'aiiered: by ’.selection ol: anodi- 

fying fat tiers, hvivleni.e for die presence id similar additiemal 
movjifiers is affordrd lyv .1 amiparisim of honiozygiius lines 
derived from a cross of .diiDUni 'X 'SW^^^du. ^ 

Variability Among IJnes Homozygous for du 

la 19-18,, \siien die cross i>t the opaque dent parent with 
Camerond (1) sir‘'^‘»du line was made, it was presumed 
that the opacpie deal was du and single i actor segregation 


Table 3. — ^Number of doses of each of the genes su“*“ iind Du^. 
in tripiotd maize endosperms homozygous for du and the 
phenotype assigned to each dosage combination. 

N m normal, O = opaque, T =r tran.slucem. 


Doses of su 


Does 01 Du,n 

r 0 

1 ^ ^ 

2 

8: 

0-.- -.2 

■ ^ 


T 

T 

X ... ... _■ 

! 0 

0 

T 

T 

9 

0 

0 

T 

T 


! - 0 

0 

■T I 

T 


CuiHiot be distin«!ii^he(l from nornial in s^ome c£i?;is, 

estabh^dmb from 1 r: highly wriakled to 9 = fiiil dent. 
Table 4 presents this classification of the 26 lines in relation 
to the percent amylose in the endosperm starch and the seg- 
regation on the Fj of du X duDuu,. Although there is varia- 
tion between lines within genotypes both in degree of wrink- 
ling and in percent amylose in the starch, there is no indi- 
cation of reiationship of the two characters wdthiii genotypes. 
The translucent lines, however, are, as a group, more wrinkled 
and higher in amylose than the opaejue lines which is e,X“ 
peeled from the interaction of du and shemm by Cam- 
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Table 4.'— Degree of wrinkling of 26 homozygous lines from the cross duDum X su*'“da in reiachsn to percent amyit»se 

in the starch and segregation on a heterozygous female tester. 


Degree of wrinkling* 

Phenotype 

Presumed 

genotype 

No. of 
Lines 

■% Amylose in .starch , 

Segregation on 
du X Du,„ 
tester t 

Ave. 

Range 

■ ■ 

translucent 

su ‘‘«’'duDu,u 

1 

37 

. 

205 ; 188 



translucent 

su =«'‘duDuiti 

1 

42 - 

— — 

220 : 1591 

3„ 

translucent 

su =”“duDiijn 

9 

42 

38--45 

424 : 413 


translucent 

su «"XluDur„ 

2 

40 

35-46 

399 : 354 



translucent 

sii‘"“duDum 

6 

46 

41-50 

904 : 871 



translucent 

su “»“duDuni 

3 

48 

46--50 

417 : 449 

1 

opaque 

SuduDuin 

7 

35 

■ 33--40 

825 : 828 


opaque 

SuduDuuj 

2 

32 

2S--35 

359 : 354 

okklkl Ikkkkl ; 

opaque 

SiiduDUiu 

2 

34 ' 

1 33-36 i 

366 : 342 

; 

normal 

SuDuDuja 

1 1 

2.5 

j 1 

I ; 

All N 

I 

normal 

SuDudUm 

s 1 ■. 

1 26 


All N 

9 

normal 

su '‘»'Dudu,M 

■' ■ 1 

‘ . 24 

i — „ — 1 

All N 

9 

normal 

Sududuiu 

1 

1 

; — 1 

1.29: 47 1 



1 



i 1 



* 1 = highly wrinkled, 9 = full dent, 
t normal dent vs. opaque dent. 

:i; P <[0.05 for goodness of lit to 1:1 ratio. 


Dominance of Du du 

In order to determine whether an opaque phenotype could 
be obtained in endosperms with only two doses of the reces- 
sive du, two lines from table 4 presumed to be su“'“duDUni 
were selected. One had been placed in class 3 and one in 
class 3 with respect to degree of wrinkling. Each was used 
as a female tester with pollen of the crosses of su‘”“ X 
Dujj, and X duDuju. In the cross of siP'“RiuDu„i X 
X Diini)* endosperms on the female have a constant 
dose of 2 du and 2 or 3 doses of and Du„i. No segre- 
gation was observed. In the cross of siP^^duDuj^^ X X 

duDujn), endosperms have 2 or 3 doses of each of the tliree 
recessives. The segregation was in a ratio of 1 normal: 1 
translucent with no opaque class being observed. It appears 
that du must be homozygous in order for opacity (or trans- 
luccnce) to be observed and Du is therefore completely 
dominant. Du^^ and aside from their relationships with 
du appear to have no phenotypic effect on each other. 

DISCUSSION 

Mangelsdorf (7) and Cameron (1) in their studies with 
su‘"“ and du, reported on the relationship of the siP"” and su 
alleles with Du and du. In their studies the threshhold tran- 
sition from translucence to opacity occurred with one dose 
of together with one dose of Du. This genotype could 
fluctuate, depending on environmental conditions 'or modi- 
fying factors. In these studies an attempt has been made, by 
a study of the relationship of the Su and.su»i«^ alleles with 
Du and du, to establish a transition zone between opacity 
and true starchiness or the normal dent phenotype. This 
transition, like that of translucence to opacity is by no means 
clear cut. In these studies it has not been possible to differ- 
entiate the ‘pseudo-starchy" su'^^^Du type from normal dent 
nor obtain classifiable segregation for Su vs. in crosses 
of pseudo-starchy with normal dent 

Dunn et al. (3) have stated, and the F2 data of cross 11 
; in table 2 clearly show, that one dose of Su may be substi- 
tuted for su«*« la the "amylaceous sugary" su«““du genotype 
: without losing the characteristic translucence of the seed. Sub- 






stilution of a second dose of Su, however, results in loss of 
■tninslucence and gi\^es a genoiyj'^e which may fliicluate be- 
iween o|m:ity and noriml dent 

In its relationship with Du is conij^ktciy d0i'ninant 
to dll and the substitution of cine dose of Du for one of du 
in the "amylaceous sugary" genotype results in a phenotype 
dil'ficult to distinguish from normal dent. The incompiete 
dominance of Su over sit"" and the complete dominance 
of Du over du combine to make the sii"*"du type a sensitive 
female tester for Dudu segregation. On outcrossing du to nor- 
mal dent stocks, lines ha\e been recovered which cannot be 
differentiated from normal dent yet still gi\'e a test for dudu 
on the su""*du tester. The Sududiyj line used as a parent in 
these .studies was of this type. It was compared in crosses 
with a du line from a segregating ear in which classification 
for opaque kernels could Ix' made easih and the Du sibling 
line from this ear was compared in crosses with Inbred Ml i. 
I'he fact tliat both lines dericed from the segregating ear 
gave a measurable increase in the ratio of opaque seeds as 
compared with their count erparl ggnolypes would seem to 
rule out the pa.ssibility of alleles at the du locus iliffering in 
effectiveness, and would favi^r the concept of a distinct niodi- 
iier at a different locus. Since the modifier was found in 
progenies of stexks originally furnished to the IMaize Genetics 
Cooperation center by Mangelsdorf, it is not surprising that 
he recognized tlie probable existence of such imkliiier.s in 
enr.s in which completely accurate classifications were difikult. 

Although Duiii appears to have little or no effect on 
amylose percentage, it is valuable to the extent that it facili- 
tates phenotypic classification for du. 

SUMMARY 

The evidence obtained in this experiment sup|x>rts the 
view that du, though it appears to be a completely recessive 
gene for opaque endosperm in maize, requires the presence 
of a specific modifier in order for the opaque phenotype to 
be consistently expressed. This modifier, arbitrarily has been 
given the symbol Du,,,. Neither du, Du„„ nor su"’", acting 
alone, are able to produce a phenotypic effect which can be 
differentiated readily from normal dent; but one or more 
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NOTES 


i!i)nL‘h i^l i^l’isHt iconic CtlHCS OI'H* doSC C)f SU'**“, ill tlic 

Iripioid iiKikt; cndosperi'n peniiit the opaque expression oh 
three doses of dii. Jhe gene Duj,^ has no phenotypic effect 
on and appears- i.v> ha\'e little or no physiologic effect 
either alone or in. combination with dii or su‘*-‘“ oivdic amy- 
]osc*aniylopectin ratio in the starch. ■ 
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Notes 


EFFECT OF RAW SHALE OIL NAPHTHA 
ON THE YIELD OF PINTO BEANS’ 

I NCiR,.l,.'ASlcS i-ii yickis up' to 123.2^-c have been '.reported 
hy |'h.diimi>Hi- iii'ter sprayirig Great Northern , Field, ' Bean 
jdan.s with raw shale inl naphtha. These increases, statisti- 
cally significant at the 3G level, wxre obtained using 2 to 
H) gallons per acre applied at the culyledonary stage of devel- 
opment. Increased yiekls were thought to result from the 
increased number of axillary and adventitious buds which 
'developed after treatment. 

.ExperiiiKiits designed to test the yield response of' Pinto 
beans, an edible ilry bean, were conducted at the U. S. — 
Colorado Potato I'ield Sialitm near Greeley, Goio., in 1933 
and 1951. The 1953 exp.;riment was a 3 by 3 Latin sc|uafe; 
the 195-1 eXjKriment a nindomi/ted ionipkde block replicated 
5 limes.: 

Plots wx'fe rows widc‘ and 2t) feet long, separated by 
2 guard nnvs in 1933, and by 1 guard row in 1931 to protect 
against drift. Iffanlings were iiLkle with a belt nursery planter 
at the rate of 60 pounds per acre. The variety Pinto U. 1. 
Hi was used in l>olh experiments. The raw shale oil naphtha-* 
emulsiffcd in water w'ith G 1096 (polyoxyethylene 50 Sorbitol 
l leKaoieate) ^ was appiietl with a small hand sprayer at about 
30 pounds pressure. The 1933 application xvas made just 
after the plants Ikid unfolded their iinifolioiate leaves. In 
1934, the plants were sprayed wlien the central leaflet ot 
the first tr ifuliolate leaf Was about 1.5 inches long. At harvest 

‘ Published with pemiission of the Director of the Colorado 
Agr, Exp. vSta. as Scientific Series Paper No. 455. The facilities 
of the U. S.-Co!orado Potato Field Sta. were available under a 
cooperative agreement with the Bean Project, Horticultural Crop.s 
Branch, A.R.S., U.S.D.A. llie writer is indebted to Jess L. Fults 
for encouraging this study and to Dwight Koonce, W, C. Ediniind- 
son, Jc^i.s L. Fults, Francisco Cardenas, and Roger Blouch for 
assistance in the field work. 

HR)hmont, D. W. Shale oil — A new^ agricultural chemical. Wyo. 
Agr, Exp. Sta. BuL 320. 1952. . 

"Supplied by H. M. Thorne, Shale Oil Exp, Sta., Laramie, Wyo. 
‘ Supplied by the Atlas Powder Co., Wilmington, Del. 


Table 1.— Yield in pounds per acre of dry beans treated with 
several rates of raw* shale t>il naphtha. 


Rate in gallon.s 
per acre 

Yield in 

pounds per acre 

; Percent 
of 

eheck 

1953 

1954 

1 Mean 

. 0 ._. 

3084 

2348 

2716 

100 

‘2 

2971 

2514 

2742 

101 

5' : : 1 

2927 

2650 1 

2738 

101 

10 . J 

3012 

2329 

2671 ' 

98 

15 : 

2816 

— ^ 

— 

91 


time the plots were trimmed to 16 feet, pulled by liand, and, 
wlien dry, threshed with a Vogel experimental threslier. 

Yield results arc reported in table 1. No .significant differ- 
ences were found between the treatments in either year or 
in the combined analysis. The coeliicient of variability in 
each of the experiments was In both years the unifolio- 
late leaves wilted immediately after treatment, 'Fhe trifoliolate 
leaves seemed to be more resistant to the spray. A definite 
delay in maturity was noticed in those plots receiving treat- 
ments of 10 and 13 gallons per acre in 1933. No such delay 
was observed in 1934. — Donald R. Wood, Ass/sicint 
Agroiio/}j/s/, CohmiJo Agr. Exp. Shi,, Fori Cnilhis, Colo. 


EFFECT OF CHEMICAL AND TILLAGE 
SUMMER FALLOW UPON WATER- 
INFILTRATION RATES 

TN THE semi-arid farming regions it is a common prac- 
Atice to alternate small grains with summer fallow. Tlie 
primary purpose of this program is to build up a moisture 
supply by subduing weed growth; it also promotes nitrifica- 
tion. Clean-fallowed land, however, is subject to the hazards 
of increased soil erosion; therefore, many farmers have turned 
to a stubble-mulch system. Advocates of stubble-mulch fal- 
low contend that moisture loss and soil erosion are reduced 
by this system. 
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To date, the greatest drawback to stubble^mul^ fallow 
has been its ineffectiveness in w^eed coiitroi, since the stubble 
is not dense enough to smother all the weeds. Several opera- 
tions per season with a subsurface tillage ioipiement are iisu- 
aily necessary. While considerable study has been devoted 
to the various methods of dryland farming, little information 
is available on the use of diemicals as a weed-control agent 
in conjunction with the stubble-mulch system. A system ol 
chemical stubble-nuilch fallow may control w^eeds and at the 
same time leave the stubble-mulch undamaged so that ero- 
sion and moisture losses would be further reduced. Since 
moisture conservation is foremost in a summer-fallow p>ro- 
gram, the effect of any fallow jnethod upon water infiltra- 
tion is an important consideration. 

An experiment w^as conducted at the Sheridan Agricul- 
tural Substation in Northeastern Wyoming to determine the 
effect of various siunmer fallow upon water intake. Com- 
parisons were established using chemical stubble-mulch hil- 
low with no tillage treatments, clean cultivation with season- 
long subsurface tillage, and spring plowing followed by sub- 
surface tillage for the remainder of the season (figure i). 
The experimental plots were 1/10 acre in size/ randomized 
and replicated. The soil may be described as a grayish-brown 
silt clay loam to a depth of 15 inches iind a .sandy clay loam 
below^ that to a depth of 60 inches. Cropping history was 
similar for all plots so that the main dilference in infiltra- 
tion rate could be attributed to the effect of varioss fallow 
systems being tested. 

Chemicar treatments consisted of Dalapon and 2,4-D e.ster. 
Dalapon was applied at the rate of 5 pounds acid per acre 
in early spring to control the grassy weeds. Spot treatments 
were made to obtain 100% grass conttoL 2,4-D ester was 
applied at the rate of % pound per acre 3 times during the 
season for broadleayed weed control. The grassy weeds con- 
sisted mainly of foxtailgrass (Setima spp.) , baroyardgrass 
(Echhwchloa cms^dli), (Bromus tectomm), and 

volunteer winter wheat. The broadleaved weeds were rough 
pigweed (Ri/mex (KochJa scoparm) and 

Russian thistle (Sdsola kaU), The ciean-ailtivation method 
consisted of tillage with a sweep implement as frequently 
as necessary for goex! weed control. Four cultivations were 




Table 1. — -Water-intake rate under three methods 



Fig. 1. -^Comparison of two methods used in handling summer 
fallow grounds. Let foreground, subsurface tillage fallow; center 
and right background, chemical stubble-mulch fallow. 


of summer 

rallow.'^' 




Kate of water intake, ' I 


inches per hour j 

Treatment 

1st m 
Min. 

2nd 30 
Min. 

- 1 

1 Hr. : 

Chemical stubbie-muleh fallow 

2.09 

0.95 

1.52' 

Sub-surface cultivation fa!Iow_ „ .. 

1..59 

.38 

.98 

Spring plow and cultivation 
fallow-- 

. 2.12 ' 

.44 

1.28 

L.S.D. (0.05) - 

■ ' 

■.44 

! 

(0.01) - - 


.59 

1 



Oiita represents the average oi S replications. 

made during the 1954 growing season. A third mediod con- 
sisted of spring plowing followed by lour tillage opemtioas 
during the season. Weeds were effectively controlled bv^ all 
treatments. 

A trucik-moiioted inlillrometer was used to determine tlie 
ability of the soil to take up water, under simulated rain 
of appmximately 2.3 Indies per hour. Where weeds in stand- 
ing stubble were controlled with chemicals, tlie soil took in 
1.52 inches in a 1 -hour test compared with the plowed 
ground, which took in 1.28 inches per \um\ and the clean- 
cultivated land \v4iere gnly a sweep madiine was used, took 
in 0.98 incbe.s per hour (table 1) . The greatest tlifference 
in intake rate occurred during the second 30 minutes of an 
hour run. During this pieriod the chemical stLibble-mulch 
took in 0.95 indies of water. This was 216%; more water 
than the plowed ground and 250% more water intake than 
the subsurface tilled plot. In another comparison in wiiich 
ineasurements were made over a 2-hour period, the same 
trend continued in favor of the chemical-stubbie fallow 
treatment ' 

The data presental herein are preliminary; however, the 
trcnd is clearly marked. Investigations are being continued 
to determine the resulting crop yields and weed-control effi- 
cicncie.s. However, if the data continue to be strongly in 
tavor ot the chemical-stubble system, a new econcarncal 
method of land preparation for dryland farming will have 
been dev eloped.—O. K. Bahnics, Supvrwiefhh fn. SlwJjf/ 
Substation: D. W. Bohmont, Head, Agyonomy Deparimint: 
and FiiANK Rauzi, Sod Constri'alhn/st, ARS; 11 ')(on/ng 
Agr. Exp, Sla., htramie, IFp. 

Chemicals for this experiment were furnished by The Dow 
Chemical Company, Midland, Mich. 


A NEW INSTRUMENT FOR EMASCU- 
LATING SORGHUM^ 

AT THE Georgia Experiment Station, emasculation of sor- 
^ghum (Sorghmn ndgare Pres.) flowxTs with a new 
instrument has resulted in gocxl seed-set. Faster emasculation 
with less damage to flower parts w^as obtained with the new 
instrument compared to the commonly used medium-sharp 
wood pencil Use of this instriunent is suggested where only 
small numbers of seed are required. If a Targe number of 

Unur. Series No. 279, Georgia Experiment Station. Experi- 
ment, Ga. Rec, for publication Jan. 6, 1955. 



Fig. 1. — Over-all view of instrument for eniviscuhiting sorghum, 


AN EASY PULLING SOIL AUGER 


S OIL and watci* conservation |"'ractices rccjiiirL; know'ln)\\' 
and much field work. M.iniial soil sampling is a menial 
task needed in soil surveys and engineering straecure site 
Lwings. The pulling cl' a soil auger while sampling sub- 
soils has resulted in many injuries and strained backs. Tech- 
nicians in Ohio employed by the LkS.D.A. Soil Conservatiuii 
Sers'ice, have designed and de\eloped a mechanized ,suil auger 
that will eliminate some of these pulling problems, especiallv 
for the deeper samplings. 

Jilu-'-trated here is the soil auger Hut lias been mechanized 
by means of a simjde pressure plate mounted on a left-hand 
rlireaded soil auger shaft. The stages shown in figure 1 are: 
left, the simple adjustment of the pre.^sure plate to the desired 
depth of sampling, center, boring to the depth of the pres- 
sure plate by tunn'ng to the riglrg and right continued turn- 
ing to the right bre.iks the anger ]oo,-:e i’rojii the ground. 

The construction is sucli that strength, weight, and thread 
clogging are not j-'Tobienis. Standard fittings permit changing 
soil auger bits, and adding extension lengths for deeper 
borings. 

There are many soils, especiallv those with tight subsoils, 
in which an auger of this type would be of value in assist- 
ing manual soil sampling work. 

Specifications are as follows: 

Weight — Approximately 4 lbs., 3 oz. 

Length — Overall, 43 in. 

Soil Auger Bit — iMi in. dia.™standard equipment. 

Fittings — Both fittings, at the handle and at the base of the 
threaded shaft are standard ^2 in. threaded, mule and 


Fig. 2.- — Position of the instrument in iirst step of eniasculation 
process. : 




Fig. 3.*— -Position of the instrument in tinal step of emasculation 
process. 

seeds is needed it is suggested that tlie method described by 
Stephens e/ for mass emasculation be used. 

llie instrument can be easily made from plastic, close- 
grained wood, or other .similar material. The over-all length 
(figure 1) is approximately 17 cm. The '’Handle' f is rounded 
to facilitate the necessary rotary movement required in emas- 
ciiiation, and the point is spatula-like with rounded edges 
just sharp enough to open the glumes wdth ease. 

Emasculation is accomplished by opening the glumes of 
the spikeiet (figure 2) and applying pressure at the bottom 
of the anthers through the palca by rotating the instrument 
(figure 3). The anthers immediately .slip from the lemma 
and palea unbroken, and emasculation is completed. — H. B. 
Harris, Asslsfimf Agror/om/stj Georgia Experiment Station ^ 
Experhnent, Ga, 

^Stephens, J. C., and Quinby, J. R. Bulk emasculation of sor- 
ghum fiow^ens. Jour. Amer. Soc. Agron. 25;233'~234. 1933. 
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Fig. 1. — Three stages of operation of auger, 
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female. Adding extension lengths, and changing soil auger 
bits is simplified. 

Extensions — Extension shafts with the above standard fittingvS 
can be added for deeper borings. 

Shaft — Cold rolled steel, cadmium plated, left-hand acme 
thread, 33 in. overall length. 

Pressure Plate' — Cast aluminum, 5 in. dia., bronze insert. 

Eland le — Light weight tubing 12 in. long. 


A patent application is being processed at this time by the 
United States Department of Agriculture. 

The auger is available from a commerciai si>urcc. Further 

iafomiation can be obtained froji) tiie authors.- Ralph L. 

Mhfkfr. and Guv C. KI'ARNs, Soj! Sc/ci/ih/ Agr/c/fll/mi/ 
Et^g/uecr, resjHr/h'i^ly. U. S. So/I Serrue, Cohim- 

bi/s, Ob}o. 


Book Remews 


AUXINS AND PLANT GROWTH 

By A. Carl LeopoU. Berkeley and Los Angeles, IJmv. of Calif, 
Press, 3^4 pages. III ns, 1^)35, $3.00, 

This book was written to assemble the fundamental work dealing 
with auxins and plant growth regulators. In the preface the author 
states that his object was to integrate the fundamental infoi'mation 
on auxins with each of the applied phases of auxin technology. 
This aim has been attained by dividing the book into two parts; 
Fundamentals of Auxin Action, and Auxins in Agriculture. In the 
first part the develcjpment of the auxin concept and the occurrence 
and mechanism of growth regulators are discussed. Part two of 
this book deals with the practical uses of auxin.s in aghculture. 
Here are discassed such topics as rooting, parthenocarpy, flower 
and fruit thinning, dormancy and storage, and herbicides. The final 
chapter discusses the futural potential of auxins in agriculture. 

The author has succeeded very well in bringing together the 
mass of data in this field into an effective and well ill ustrated 
treatise. Numerous photographs, graphs, charts, and diagrams are 
used effectively throughout the text and an extensive bibliography 
is included in the appendix. This book is intended primarily for 
research workers who are interested in both fundamental and 
applied phases of plant physiology. It should be of value to an 
agronomist, a horticulturist, a plant pathologist, as well as to the 
plant phy.siologist interested in the fundamentals of auxin physi- 
ology— S.C. WiGCtANS. 

APPLIED ENTOMOLOGY, AN INTRODUCTORY TEXT- 
BOOK OF INSECTS IN THEIR RELATION 
TO MAN, FIFTH EDITION 

By H. 7, Fetnald and liar old H, Shepard, New York, MeClraw- 
Hill Book Co., 383 pp. 1933, $1,00. 

Since first published in 1921 as one of the McGraw-Hill publi- 
catioas in the Agncultural Sciences, Applied Entomology has been 
a popular and useful textbook for beginning students of economic 
entomology. A unique feature of this book has been the presenta- 
tion of subject matter according to the cla.ssification of insects . 
The fifth edition retains the general organization of the previous 
editions. 

Chapters 1 to 4 deal in a general way with the place of insects 
in the animal kingdom, and the structure, physiology, and develop- 
ment of insects; chapters 5 to 8 give briefly the economic impor- 
tance of insects, control methods,, and a discussion of insecticides, 
including the new organic compounds ; chapter 9 presents the sys- 
tem of classification; chapters 10 to 33 give a broad outline of the 
insect orders* including distinctive characters, family designations, 
examples of important species and their control; chapter 34 gives 
details on animals other than imsects, principally mites and, ticks. 

The book ha.s excellent balance between text and illustrated 
material, and is adequately indexed. The thorough revision of 
many of the chapters is evidenced by the up-to-date title.s included 
in lists of selected references which are at the end of the chapters. 
A helpful innovation is the use of footnotes to indicate the pro- 
nunciation of scientific names. A more concise book is suggested 
by the elimination of 15 pages and 14 text figures between the 
editions. 

The fifth edition of Applied Entomcilogy continues to attain the 
objective of the authors; namely, to provide a useful and informa- 



tive book for student.s wla:» will not specialize in entomology, but 
who desire a broad general knowledge of tlie subject, and also to 
serve as an introductory survey for thi.ise students who expect to 
become professimial entomologists, — J. T, Medlhk. 

AMERICAN AGRICULTURE—ITS STRUCTURE 
AND PLACE IN THE ECONOMY 

By Ronald L, Mlgbell. Nezv York, John Wllty & Sons.^ ine, 
isr pp. 1935, 33.00, 

This is the first t>f the new Census Monograph Series, sponsored 
by the Committee cm Cen.su.s Monographs of tlie Soda! Science 
Research CounciL and written in cooperation with the USDA 
Agricultural Research Service. Agricultural statistics lend to make 
rather dull reading for almost everyone except the agricultural 
economist, and a book such as this Anight well .serve to htdp cor- 
rect such an unfortunate tendency. The volurninous agricultural 
facts enumerated in the 1930 census are tabled, graphed, mapped, 
and discussed in such a way that the general status of U. S. agri- 
culture as^ of 1950, or any segment of it, is laid out clearly, simply, 
and impressively. 

The great value of the book lies in its emphasis on hi.storical 
changes that have taken place in LI. S. agricultural development 
and the entire national economy. In the preface the author states 
that not even the American pcA>ple themselves are fully aware of 
how far the nation has advanced toward an integrated economy 
and .society in the first half of this century. Chapter headings 
include the following: Agriculture Today and Ye.stefday, which 
includes a discussion on the significance of new technology and 
inputs; Agriculture in the Total Economic Process, in cvhich the 
interdependent nature of agriculture is analyzed; Diinension.s of 
the Agricultural Plant; Structure of Commercial Farms in sepa- 
rate chapterson .scale and type of commerdal farms; Tenure and 
Debt; Part-time and Residential Farms; Group Intere.sts in Agri- 
cuiture—a discus.sion of faroi oiganizations, co-ops, Amd govern- 
ment fimctions; Social Features of the Structure of Agriculture; 
and Change,s and Structural Strain. ‘Fhe last is an excellent dis- 
cus.sion of the "stresses and strains" which beset agriculture in 
general and individual fanners in particular. A thoughtful study , 

of this, chapter alone should lead many a reader to an understaneb 
ing of the nature of contemporary agriculture and an apprecia- 
tion of some of its social and economic problems. The autlior is 
an economist in Agricultural Research Service, 

PROCEEDINGS, EIGHTH ANNUAL MEETING, 

SOUTHERN WEED CONFERENCE 

Copies obtainable from Conference Secretary-Treasurer E. Cl. : 

RadgerSf Agronomy Department, College of Agriculture, 

Gainesville, Fla. 477 pp., mlmeo. 1953. S.L50. 

This Proceedings contains 80 papers presented at the Eighth 
Annual Meeting of the Southern \<A'ed Conference, St. Peters- 
burg, Fla., Jan. 17-19, 1955. The papers offer an extensive sum- 
mary of current work on w'ced control at southern researcli insti- 
tutions. They are grouped under the following headings: generah 
cotton, other agronomic crops, woiaiy plants, physiology, horti- » 

cultural crops, and .special weed pnmlem.s. In addition" "the vol- j 

ume contains a report of the conference’s re.search avmmittee and ■ 

the minutes of the bii.siness meeting. 
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Agronomic Affairs 


Typical scenes ol Caliiornia agriculture are the two above, left — -a freshly planted sugar beet field, and right — an alfalfa 
field during seed harvest. These two scenes represent the extreme diversification of California agriculture. The 1955 meeting 
of the American Society of Agronomy will be held at the headquarters of much of California’s agricultural research— the Col- 
lege of Agncuiture campus at Davis— Aug, 15-19. 


MEETINGS 

June 15-17, Annual convention, American Seed Trade Assn., 
Minneapolis, Minn. 

June 25-27, American Society of Commercial Seed Technolo- 
gists, Stillwater, Okla. 

June 27-29, North Central Branch, A.S.A., Iowa State College, 
Ames. 

Tune 27~30, Association of Official Seed Analysts, Stillwater, 
Okla. 

June 28-30, Pacific Northwest Regional Fertilizer Conference, 
Boise, Idaho. 

July 7, Summer meeting, Miss. Section A.S.A. Coastal Plain 
Exp. Sta., Newton, Miss. 

July 18-19, Eighth biennial Eastern Alfalfa Improvement Con- 
ference, Cornell University, Ithaca, N,Y. 

July 27-29, Northeast Branch, American Society of Agronomy, 
Pennsylvania State University. 

Aug. 1-6, 3rd International Congress of Biochemistry, Brus- 
selis, Belgium, 

Aug, 15-19, American Scxfiety of Agronomy and Soil Science 
Society of America, University of California College of 
Agriculture, Davis. 

Aug. 29-Sept. 6, International Horticultural Congress, Scheven- 
ingen, Holland. 

Sept. 7-9, American Society for Horticultural Science, Michigan 
State University, East Lansing, Mich. 

J. EARL COKE TO SPEAK AT 1955 SOCIETY MEETING 


J. Earl Coke, director of the Agricultural Extension Service, 
University of California, and formerly Assistant Secretary of Agri- 
culture, will be a principal speaker at the 1955 annual meeting 
of the American Society of Agronomy, Davis, CaMf., Aug. 15-19. 

Coke, according to an announcement by society president G. G. 
PoHLMAN, will address a general meeting of the society on Aug. 
15. F. N. Briggs of the Department of Agronomy, University 
of California, will speak on a program for the Crop Science Divi- 
sions of the society later in the week, with ’"Western Agriculture” 
as his topic. 

The society meetings are expected to draw some 1200 members 
from all parts of the U. S, and from many foreign countries. In 
addition to special speakers on general programs, the delegates 
will hear more than 300 reports on recent developments in crop 
and .soil management. Tours to points, of agronomic interest in 
the Davi.s area are also being arranged for the visiting scientists. 

Further details will be published in the June and July isiJues 
of the AsifOK-omy Jourfial. 


NORTH CENTRAL BRANCH SCHEDULES RESEARCH 
PAPERS FOR MEETING AT IOWA STATE 
COLLEGE IN JUNE 

Plans are being made for presentation of research papers at the 
meeting of the North Central Branch of the American Society of 
Agronomy at Iowa State College, on Wednesday morning June 29. 
Separate sessions for crops and soils papers are being arranged, 
according to W. H. Pierre, head of the Iowa State College agron- 
omy department and 1955 chairman of the North Central Branch. 

Registration for the meeting will be held from 2 to 9 p.m. on 
Sunday, June 26, and all day on Monday, June 27. The Monday 
morning program includes a welcome by Dean Floyd Andre, 
outline of ISC agronomy department organiication and program, and 
reports by ISC stall members. 

Monday afternoon activities include the following alternative 
tours and discussion.s: plant introduction field plots ; soil conditioner 
and ridge row corn planting experiments; turf plots, weed control 
studies in soybeans and corn, soil judging demonstration, and 
equipment and machinery display. 

Tuesday morning field tours are to the small grain breeding 
and forage breeding nurseries. Meetings and conferences are as 
follows: soil physical properties and crop growth, new corn til- 
lage practices, soil fertility experimentation, tour to corn tillage 
and wide row spacing plots, stand establishment tour, visit to 
teaching, research and soil testing laboratories, use of and 
demonstration of soil physics equipment. Afternoon activities in- 
clude meetings on nitrogen research, pasture and forage evaluation, 
and regional soil profiles, pasture research conference, visit to 
seed processing plant, conference on potassium soiL tests, and 
soil profile exhibit. 

In addition to the research reports, the Wednesday morning 
program includes three conferences— soil moisture surveys, nitro- 
gen .soil tests and deep tillage research-— a soil survey field trip, 
and field trips to four experimental farms. 


MISSISSIPPI SECTION WILL MEET JULY 7 


The Mississippi Section of the American Society of Agronomy 
will hold its summer meeting July 7 at the Coastal Plain Branch 
Experiment Station, Newton, Miss., Ivan E, Miles, president of 
the section, announces. Current officers of the section are Miles, 
president; William L. Giles, 1st vice president; J, T. Caldwell, 
Jr., 2nd vice pre.sident, and C. Dale Hoover, secretary-treasurer. 
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SOIL SCIENCE SOCIETY ENDORSES CEIANGE IN EER- 
TILIZER LABEL FROM OXIDE TO ELEMENTAL BASIS 

In a recent inail ballot, members of the Soil Science Society 
of America approved a proposal to change the labeling of fertilizers 
from the oxide to the elemental basis. Tlie hnai count, not known 
at this writing, was expected to be more than 95 percent in favor 
of the change. 

If adopted by all the states, such a change would require fer- 
tilizer manufacturers and dealers to state the content of all plant 
nutrients in the elemental form — as is now the case with nitrogen 
'—rather than the oxide form as now used for phosphorus, potas- 
sium, and certain other nutrient elements. The elemental basis has 
long been used by Eiiany foreign countries, 

A complete discussion of the topic appears in the April 1955 
issvQ 0 ^ Agroiwmy Jom'uai, pp. 191-193; and in the April 1955 
issue of Sa/i S delude Sotie/y of Amerka Proceedhigs, pp. 247-249. 


CORRECTION 

Representatives of Division IV, Soil Fertility, on the bo.irJ of 
directors of the American Society of Agronomy were incorrectly 
listed on page 4? of the January 1955 issue Agrutiomy journal. 
The representatives are as follows: 

PiUi Chiirman. K. C. Bergkr, University of Wisconsin, Madi- 
son; and Chah'tmtH^ W. L. Nelson, American Potasii Institute. 
Lafayette, Ind. 


ISOTOPES CONFERENCE AT MICEIIGAN STATE 

A conference on the Use of Isotopes in Agriculture will he held 
on January 12, 13, and 14. 1956 at Michigan State Lhiiversity, 
East Lansing, Mich. It will be sponsored by the Council of Par- 
ticipating Institutions of the Argonne National Laboratory. There 
will be two half-day sessions for invited papers and three half-day 
sessions for contributed research papers. Details concerning the 
submission of papers will be published later. 


FREDERICK J. SALTER 

FKEDERiCK: J. SaltI’K, assoAate profvSsur of .igr^momy in teach- 
ing and extension at Ohio Sidle lAFvtr'.h-y frftm lOdO until his 
retirement in 1953. died of a luar. .iinnenl FeO, 9. .liter • 

short illness. 

He was born in Laevo^st.-, Ka is.. SloI. 28. IHi-a). He receiveu 
a Baclielor of Science degree fenm Gliio Stdie i.-iii\ers,ity m 
1913, Master of Scieiue degree in anil the D‘uie>r ul PhiLis- 

ophy degree in 1929. Dr. Sa-iter was an inSuiHiiU' in agritultural 
chemistry at Ohio State Universny irmn 1913 to lop-p and in 
soils from 1924 to 1*927. Me was assisiant ptoies e>r ni eXic.'iSiiMv 
in 1925, and assistant professor o.l agronomy m 1929. 

Dr. Salter's extension service n as w ith the Ohiti .soil testmg 
laboratory, which he initiated, and i.onducu;d .ih.no.s; .'•.ingdediaode*.! 
for a long time. A.s a teacher he laiJglit the elenu:n,7n.T cour.se 

and a course on teaching agreincariV to vociKionad sh.idL-ats. He 
was outstandingly successful as a lea. 'her froui eicinen.arv classes 
to graduate students. He is beltwcil of many generations of Ohio 
State students, and will be long remembered by t.heiU lor hrs deep 
personal interest in theii: problerr^s, and U-x corisuUation .md 
guidance during their academic careers.- Ci. J. \VEL.i..nao 

LOUIS MADSEN HEADS WASHINCiTON AGR. INSTITUTE 

New direUor nl tl;e histitute id Auric ultural StH.ncc', ai Wasle 
ingtun State Ccdlegc is I.oiJi,s L. MadsLN. lie nuceed'' J. C. 
Knott. last iai! resigned as direitor to re-anj tff foil-tinie 

teadn’ng and research dutic.s at WSC, As direvtoj .»[ die Institute 
of Agricultural Sciences, Madsen will be in charge a ill n aching, 
research and extension in the ficlu »4 agricuhure -oTii, d on bv 

wsc. 

ILLINOIS STARTS NEW PROGRAM WITH INDIA 

The University of Illinois has accepted a U.S. gewermnent invi- 
tation to take part in a nev^ India- American Inter-Institutional 
program through its College of Agriculture* R. W. Juoi-NtiFfMKR. 
prolYssor of plant genetics and chairman of the Agriculture Sub- 
committee of the University's Cominittet' on H)A Progiams, and 
H. W. H.ANNAH, Associate Dean ot the College of Agricuitiire 
returned from a survey trip to India on May 15. 


TO THE GROWER 

Plant food, properly used, is one of the cheapest aids to success 
a grower can employ. It will save him labor by growing his crops on 
fewer acres; increase yields by thickening and strengthening the stand 
of crops and making them more disease-resistant; improve the quality 
to obtain top prices; and prevent loss of his soil assets by preventing 
erosion and maintaining fertility. In order to produce as efficiently as 
possible, the grower is turning more and more to the agricultural sci- 
entist for the results of research and practical information on the use 
of plant food. 

AMERICAN POTASH INSTITUTE, INC. 

n02 Sixteenth Street, N. W. Washington 6, D. C. 

Member Companies: American Potash & Chemical Corporation • Duval Sulphur & 
Potash Company « Potash Company of America » Southwest 
Potash Corporation ^ United States Potash Company 




NORTH OAKOTAN PKKPARHS UN WRED MANUAL 

E. A. EIelCiESON, Chainridii t>l tiie North Dakota. Agricultural 
Collogo botany tlepartrnent, is author of a comprehensive weed 
control rnanuai soon ^ to be put into use tlirughout the world by 
technicians of tfie .Food and Agricultural Organization of the 
United Nations, 

The manuah containing about 70,000 words and 75 illustrations, 
is being published in Rome in Trench, Spanish, and English, and 
will be distributed dll 70 to 80 countries. It covers chemical and 
cultural methods of weed control, the principles of weed control, 
rhe apparatus, chemicals to use in the tropics and in the temperate 
zone. 

Previous work done by Dr. Heigeson for the United Nations 
was a six months assignment in Chile making weed control recom* 
jnendations for the Chilean government. 

NEBRASKA HONORS T. H, GOODDING 

T. H. Goodding, professor of agronomy, was the recipient of 
the University of Nebraska Foundation Award for Distinguished 
Teacliing in the physical and technological sciences. I'his award, 
whidi carries a .sripend of SbOtT) and a medal for distinguished 
teaching, was given to Dr. Goodding at the 27th Annual Honors 
Convocation. He joined the l.iniversity of Nebraska staff in 1917 
as an vigricuiiural extension specialist. He received his B.S. degree 
from Nebraska in IGlo. his M.S. from Nebraska in 1923 and the 
Fh.D. from Cornell Thiivcisiry in T5T33. Dr. Goodding was elected 
a Fellow of the A.meiic.in Society of Agronomy in 1947 and .re- 
ceived the Outstanding Agronomist Award of tlie year from the 
Nebraska Crop Improvement Association in 1953. He is president 
id the Nebraska chapter of Sigma X.i for 1955. 

E, F, FROLIK IS ASSOCIATE DIRECTOR AT NEBRASKA 

Elvin F. Fkoijk has been aj^pointed associate director of the 
Agricultural Exi-^erinieiit Stations of the University of Nebraska. 
Dr. FroHk is a native Nebraskan and has served as chairman of 
the agronomy department since 1952. He received his Bachelor’s 
degree from the University of Nebraska in 1930, his Master’s in 


E. F, Frolik 


T. H. Goodding 


1932, and his Doctor’s degree from the University of Minnesota 
in 1938. His appointment was etfective April IS. Dr. Frolik 
initiated research on tlie genetic effects of atomic irradiation at 
Nebraska in cooperation with the Argonne National Laboratory 
in 1947. He succeeds M. L. Baker, who is now in Turkey as 
Dean of the Nebra.ska delegation and chief adviser of the Llni- 
versity’s cooperative program with that country. 

Dr. F. D. Keim has been named as temporary chairman of the 
agronomy department. 

THORNE IS DIRECTOR OE UTAH STATION 

D. W. Thorne, vice-president of the Soil Science Society of 
America, has been named director cjf the Lffah Agricultiual Experi- 


Your invitation to examine .... 

FIELD CROP PRODUCTION 

by H. K. Wilson and W. M. Myers 

j Designed for the basic course in agronomy. 

) Presents a concise treatment of both cereal and forage crops. 

( Covers crop production in all areas of the United States. 

I Written by men fully experienced in the theory and practice of field crop 
production. 

i. B. UPPINCOTT COMPANY 


AGRONOMIC AFl'AIRS 


333 West Lake Street 
Chicago 6, Illinois 


East Washington Square 
Philadelphia 5, Pennsylvania 
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meiit Station. In an organizational change announced April 9, 
the School of Agriculture, the Experiment Station and the Agri- 
cuituml Extension Service at Utah were consolidated into the 
new Division of Agricultural Sciences, R. H. Walker was nanied 
dean and director of the division and will continue to administer 
the School of Agriculture. Carl Frischknecht continues as direc- 
tor of Extension Service. Dr. Thorne is also in charge of all re- 
search on the USA'C campus. 

JOINT COMMITTEE ON FERTILIZER APPLICATION 
ANNOUNCES PROGRAM FOR AUG. 15 MEETING 

The cooperative program of National Joint Committee on Fer- 
tilizer Application and the American Sociep? of Agronomy will be 
held on Monday morning, Aug. 15 at the University of California, 
Davis, D. G. Aldrich, Jr., vice chairman of the committee, will 
preside. Papers will be presented by Frank G. Viets, U.S.D.A., 
Fort Collins, Colo.; O. A. Lorenz, University of California, Davis; 
D. W. Henderson, University of California; Jay L. Haddock, 
U.S.D.A., Logan, Utah, and Sterling A. Taylor, Utah State Col- 
lege; Tobia Grether, Oxnard, Calif.; and B. A. Krantz, 
U.S.D.A., Billings, Mont, 

CROP SCIENCE SOCIETY COMMITTEES 

Listed below' are two more committees appointed for the current 
year by the Crop Science Society. 

MEMBERSHIP 

R. P. Murphy R. C. Eckhardt 

F. -P. Gardner J. R, Cowan 

A. O. Kuhn, Chairman 

UNITS OF MEASURE FOR GRAIN AND SEED CROPS 

H. C. Murphy H. FL Laude 

E. H. Rinke, Chairman 

ALDERFER ON GRASSLAND STEERING COMMITTEE 

The name of Dr. R. B. Alderfer, head of the Rutgers Univer- 
sity Soils Department, was inadvertently omitted from the Grass- 
land Improvement Steering Committee as published in the April 
Qi Agronomy Journal. 

: NEWS ITEMS 

Philip F. Low, Purdue University Agronomist, was guest pro- 
fessor in soils and plant nutrition at the University of California, 
Berkeley, during March. Dr, Low presented five seminars from his 
work at Purdue on basic , soil pliysical chemistry and participated 
in numerous discussions on the thermodynamics of soils. 

A_ 

Appointment of Lars E, Ekholm as manager of the sales divi- 
sion of Climax Molybdenum Co. was announced in April by 
Reitel E. Waiuuner, company vice pre.sident. 

Richard C. Back has joined Carbide and Carbon Chemicals Co., 
a Division of Llnion Carbide and Carbon Corp., as entomologist 
for the agricultural chemicals development group. His activities 
will be concerned primarily with fly repellent and insecticidal 
chemicals developed by Carbide. 

A_ ■ 

Ivan Sam arawira, Lecturer in Agricultural Botany, Faculty of 
Agriculture, University of Ceylon, is now at the Umversity of 
Manitoba working towards his Ph.D. degree. He is working on 
the genetics of rust and pasmo resistance to specific collections in 
certain flax crosses. 

Howard E. Heggestad has recently been transferred by the 
USD A Agricultural Research Service, from Greeneville, Tenn., to 
the Plant Industr>>' Station, Beltsville, Md, For the past 8 years Dr. 
Heggestad, agronomist, has been located at the Tobacco Experiment 
Station at Greeneville on a cooperative project between ARS and 
the Tennessee Agricultural Experiment Station conducting research 
on burlq^ tobacco, with empha.sis on breeding and disease investi- 
gations. in his present position he is research agronomist respon- 
sible for development of basic breeding stocks of all tobacco types, 
and disease investigations on tobacco in the Tobacco and Special 
Crops Section, 


Rutgers University trustees have approved appointment of Dr. 
William E. Snyder as professor of ornamental horticulture at 
the College of Agriculture. Dr. Snyder holds a similar position at 
Cornell University. 

A 

Harold FL Fiok, USD A. plant jxithologist at Nau-th DaktUa 
Agricultural College has been asked by tlie University of Sydne). 
New South Wales, Australia, to serve as a fort-ign examiner for 
the Ph.D. degree. 

A ■ 

The Plant Quarantine Service of New Mexico A & M Cullegt- 
has announced tlie appointment of Robert Mi. E.\ds and Donald 
D. Lucht as insLseettU's to work on the Kliapra beetle project in 
the state. 

Ivan E. Miles, formei* professor of agronomy at Mississippi 
State College, is now serving as agronomi.st for the Southern Dis- 
trict, Eastern Division. Olin Mathieson. Chemical Corp., at Jack- 
son, Miss. 

A,.., 

W. E. Loomls, Professor of Plant Physiology at Iowa State 
College, is a visiting profesosr in Agronomy at Coiaieil Univer- 
sity for the spring term. Dr. Loomis is giving a lecture series on 
plant growth and herbicides and is .serving as consultant on the 
maximum yield experiment and weed crmtrol leseardL 

..A 

Walter L. Griffeth wa.s appointed Assistant Professor in 
Agronomy at Cornell University J.m. 1, 1955. He received hi.s B.S. 
and Ph.D. degrees at Michigan .State Coikge. He has recently 
been Asscjciate Agronomist and Superintendent of the Northern 
Virginia Risture Research Station. At Cornell Dr. Gritleth will 
be primarily responsible for develojdng the extension program in 
pastures and liay production and preservation. 

COMMERCIAL NEWS 

The Hypro Engineering, Inc.. 700 39th Ave., N.E., Minneapolis 
21, Minn.; announces a sprayer pump, Model 150, for high volume 
spraying and rapid transfer of liquid fertilizer. Capacity of the 
pump is over 30 gallons per minute at tractor power take-off speed 
(500 RPM), yet the Model '’150” has a flow rate of over 65 
gallons per minute at its maximum recommended speed of 1,100 
RPM. Highest suggested pres.sure limit is 150 pounds per square 
inch. It i.s also .suitabk; for regular weed, insect and cattle spraying, 
according to the manufacturer, 

' . A 

A pew four-page bulietin, "Properties of Molybdenum Penta- 
chloride”, is now available on request from Dept. L, Climax 
Molybdenum Company, 500 Fifth Avenue, New York. 

Designated Bulletin Cdb-3, the publication gives the more im- 
portant physical and chemical properties of chemically pure molyb- 
denum pentachloride. It also describes the preparation of tlw com- 
pound. 

A nenv row planter attachment which efiminates mixing of 
insecticides with fertilizer and accurately applies dry granular in- 
secticides as you plant is announced by the E. S. Gandrud Co., Inc. 
of Owatonna; Miinnesota. It mounts on either 2- or 4-row planters 
to place dry chemical insecticides with the fertilizer in the rou . 
Designed to mount between seed cans, the attachment delivers 
accurately metered quantities of dry granular chemicals to the fer- 
tilizer boots through flexible metal tubes. This new Gandy attach- 
ment^ for row planters applies dry^ granular insecticides with the 
fertilizer as you plant to control Wirewonn and Rootworms, elimi- 
nates mixing of insecticides with the fertilizer. 

PERSONNEL SERVICE 

The Personnel Service column is provided without charge to 
American Society of Agronomy and Soil Science Society of America 
rnembers. For all others, a charge of $2.00 is made. Insertions are 
limited ^ to 100 words, and .should be submitted in duplicate. An 
item will be inserted one time only, but will be given a key num- 
bcT which will be^ carried for five additional insertions unless a 
discontinue order is received. Items pertaining to soils positions 
will bedn.serted one time in the Sail Schanw Sadeiy of America 
Proceedings unle.ss otherwise specified. The following insertions, 
published in earlier issues, are .still available: 12-L 1~L 2~1, 
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Products^ for Profitable Parminsf' 

NiTPOGEtNI SOL.UTIONS for direct 
application to soil and commercial ammoniating solutions. 
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Resistance to Three Barley Smut Diseases in Missouri 

Early Beardless Strains' 

J, M. Poehlman and C. K. Cioainger- 


I N THE spring of 1932 C. A. Hdiii, Missouri Experi> 
nienl Station, inspected a iieid of hooded winter barley 
growing on the C. H. E, Walther farm near Boonville, Mo. 
This field was earlier in maturity than other varieties of 
winter barley then grown in Missouri, although not uni- 
form in this respect. Seed for this tield had been purchased 
from a St. Louis firm, but its origin could be traced no 
further back than that. Since earl i ness is valuable in small 
grain crops in Missouri, Mr. Helm harvested a large num- 
ber of the earliest plants and bulked the seed. Increase from 
this bulked seed was distributed to Missouri farmers in 
1934 as a variety under the name Missouri Early Beardless 
(1) . As might be expected in such a mass-selectetl variety, 
considerable variability in maturity and other characters still 
remained within Missouri Early Beardless. 

In 1935V the late B. M. King assumed responsibility for 
the barley breeding program at the Missouri Agricultural 
Experiment Station. % then Missouri Early Beardless had 
received a favorable trial by Missouri farmers. Its earliness 
made it a desirable companion crop for legumes. Its hooded 
character was welcomed by farmers still harvesting grain 
with the binder. Its vigorous fall growth enhanced its use- 
fulness for fall pasture, an important feature in the dair}' 
sections of South Missouri where winter barley w^as most 
extensively grown. But experimental trials had demon- 
strated that it was less winter-hardy and lower in yield, 
partly as a result of its susceptibility to shattering, than 
such roiigh-awned Tennessee wrintcr-type strains as Ken- 
tucky 1, Ken tiieky 2, Ward, AdmireV Alaska, and others. 
In the breeding program, Mr. King attempted (a) to obtain 
more uniformity in Missouri Early Beardless by single plant 
selections from this mass variety, and (b) to develop *'a 
more winter-hardy, hooded strain” by crossing MisSSoiir i 
Early Beardless wtith several of the hardy, toiigh-awned 
Tennessee winter type varieties. The crosses w^ere made in 
the field in 1936. 

By that time numerous lines selected from Missouri 
Early Beardless w^ere being grown. Mr. King observed some 
of the Missouri Early Beardless selections to be free of 
smut, while others w'ere heavily smutted (presumably with 


^Missoufi College of Agriculture Journal Series Number 1497. 
Rec. for publication Dec, 1, 1934. 

^ Profe.s.sor of Field Crops, and former Assistant Professor of 
Field Crops and Administrative Officer in the Office of the Dean 
and Director, Missouri College of Agriculture, respectively. 
Acknowledgment in made to Mr. Donald Terliune, former gradu- 
ate student in Field Crops at the University of Missouri. Part 
of the data on reaction to Usfdago nigra and LL hordei has been 
taken from his M.S. thesis, ''Resistance of Winter Barley Vari- 
eties to Three Smut Diseases."' University of Missouri, 1952, 


UstHago niidd). In making the crosses Mr. King, in his 
words, 'grabbed up a few heads” from the smut-lTee row'S 
rather than use the Missouri Early Beardless variety itself. 
Although there had been no previous indications of smut 
resistance in Missouri Early Beardless, this foresight un- 
doubtedly was responsible for the large proportion of smut 
resistant lines that were later selected from the progenies 
of these crosses. 

The senior author took over the barley breeding project 
in 1940. In that year bulked progenies from the crosses 
made by Mr. King were growing in the F.~ generation. 
From 2 to 7 difiererU- selections from Missouri Early Beard- 
less had been crossed with each of the Tennessee winter 
varieties. After the F.. generation, these crosses had been 
mixed and only one bulked progeny was available for each 
Tennessee winter variety used originally. Several thousand 
selections w^ere made from each of these bulked progenies 
during the and F^ generations. One variety, Mo. 

B-400 from the cross Kentucky 5 X Missouri Early Beard- 
less selection, was distributed in 1949 (3) and is now the 
most important variety in Missouri, A second strain, w4th 
the experimental numbers B 57 5 (C. I 9168) from the 
cross Admire X Missouri Early Beardless Selection, is being 
increased for possible distribution in the fall of 1955. 

Resistance to Loose Smut^ Ustilago nuda 

The resistance of Missouri Early Beardless selections to 
loose smut, LL ^mda, \vhen inoculated with local collections 
of the smut organism has been reported by Poehlman (4,5) . 
The resistance of Missouri Early Beardless selections, and 
hybrid lines wfith Missouri Early Beardless parentage, to a 
large number of collections of U, nruia Ms been reported 
by Cloninger and Poehlman (2). By using two Missouri 
Early Beardless selections (B3 5 1 and B405), one hybrid 
line with Missouri Early Beardless parentage (B580, 
Admire X Missouri Early Beardless selection), another 
hooded variety (North Carolina 26), and an introduction 
(Dohadak, C. 1. 5187), Cloninger and Poehlman (2) were 
able to differentiate 35 collections of U. nuda into 13 
physiologic groups on the basis of differential pathogenicity. 
The reaction of these five differential varieties, and the sus- 
ceptible Reno check variety, to a representative collection 
from each of the 13 physiologic groups is presented in 
table 1. Varieties were considered resistant to a collection 
of U. nuda if the average infection percentage was 10% or 
under. Inoculations were made by the .spore . suspension 
needle method described by Poehlman (6). 

The infection percentage obtained when 7 Missouri 
Early Beardless selections and 12 hybrid strains with Mis- 
souri Early Beardless parentage 'were inoculated with a 
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Table l.--*'Reacticfn of six differential varieties of winter barley to each of 13 collections of Ustilago nuda. 

Reaction'^ to colketion number: 


DiJfferential variety 

T- 

'•) 

4 


10 

11 

14 

15 

17' 

25 

19 '" 

^35' 

B351, Mis.souri Early Beardless selection - . 

s 

R 

R 

R 

R 

s 

R 

R 

R 

R 

S 

R 

S' 

S 

R 

B405, Missouri Early Beardless selection - - - 

s 

R 

R 

S 

S 

R 

S 

S 

R 

R 

R 

B580, Admire X Missouri Early Beardless selection . . 

s 

s 

R 

R 

s 

R 

s 

S 

R 

s 

S 

s 

1 R 1 

S 

North Carolina Hooded 26. . . . . - - 

^ R 

' R 

1 R 

R 

R 

R 

R 

; S 

•R 

s 

R 

s 

s 

Dohadak ...... . . 

S 

R 

' R 

R 

S 

S 

R 

; S 

S 

S : 

R 

s 

Reno (check) . .. . ... 

s 

S 

S 

^ S 

s 

s 

S 

1 S 

S 

s 

s 

1 s 

1 s 


R i:::: Resistant (10% infection or less), 
S Susceptible (over 10% infection). 


representative collection from each of the 13 physiokigic 
groups of f/. is reported in table 2. Resistance to 

several of the collections was obser\'ed in each strain except 
B355v B495 and Mo. B-400. Selections B351, B4n. B502, 
B375, B635; B699, B696, B640j and B703 were resistant 
to most of the collections with which they were inocalated. 
B355 and B495, Missouri Harly Beardless selections, were 
susceptible to ail of the collections with which they were 
inoculated except the reaction of B3 3 3 to colledion number 
4- Mo. B''400 was susceptible to all of the collections with 
which it was inoculated. This was a .surprising reaction in 
view of the resistance of this variety to natural infection in 
the field; This may indicate that field re.sistance in B*400 
is an escape reaction. 

Collection 35 is the most virulent collection of U. mid it 
tested. AIT of the Missouri Early Beardless selections and 
hybrid strains were susceptible to coilection 35 except pos- 
sible B405. Infection percentage in B405 when inoculated 
with collection 35 averaged only , but the number of 
plants iSundving each year was very small, and additional 
data would be desirable to confirm this reaction. Collection 
35 poses a real threat to strains which derive their resistance 
from Missouri Early Beardless as well as to other hooded 


\'arietie5 of apparently similar origin, such as Hooded 16 
or North Carolina 26. Collection 35 has been picked up 
only once — in the barley breeding nursery at Columbia in 
1950. 

Resistance to Semi-Loose Smuh fjigfa 

The resistance of Missouri Early Beardless selections to 
semi-loose smut, U. lias been reported by Poehiman 

(3). In those studies the selecticms were inoculated with a 
composite of several races. Table 3 shows the infections 
obtained in 9 Missouri Early Beardless selections and 6 
hybrid strains with Missouri Early Beardless parentage 
when inoculated with each of 9 races of U.:}?/gra, The 9 
races of T. were those identified by Tapke (7) from 
whom the original inoculum of each race was obtained. 
Five grams of hot-watei: treated seed were inoculated by the 
partial-vacuum techniejue and planted in a 5 -foot row. The 
average number of heads of smut obtained over a 3 -year 
period is reported here except where otherwise indicated. 
Two heads of smut per row, or less, is considered resistant 
here. 

All of the Missouri Early Beardless selections except 
B495 exhibited a high degree of resistance to races I, 2, 3, 



Table 2. 


Infection percentages’'^' obtained in Missouri Early Beardless selections and in hybrid strains with Missouri Early Beardless 
parentage when inoculated with 13 collections of C/sti/ago uuefa. 


Per cent infection with collection nu in b(^r 


Variety or .strain 


B36T Missouri Early Beardless Selection.. 

B405; Missouri Early Beardless Selection „ 

B41T Missouri Early Beardless Selection 

B602, Missouri Early Beardless Selection 

B538, Missouri Early Beardless Selection.. . _ _ . . _ 

B355, Missouri Early Beardless Selection . 

B495, Missouri Early Beardless Selection.- . 

B575, Admire X Missouri Early Beardless Selection 

B580, Admire X Missouri Early Beardless Selection 

B588, Admire X Missouri Early Beardless Selection. _ . _ _ . _ . 

B631, Admire X Missouri Early Beardless Selection 

B635, Admire X Missouri Early Beardless Selection 

B698, Admire X Missouri Early Beardless Selection 

B699, Admire X Missouri Early Beardless Selection 

B696, Kentucky 2 X Missouri Early Beardless Selection 

B640, Ward X Missouri Early Beardless Selection 

B703, B289 X Missouri Early Beardless Selection 

B705, Kentucky 5 X Missouri Early Beardless Selection. .. ... 

Mo, B-400 (Kentucky 5 X Missouri Early Beardless Selection 

Hooded 16 (check) 

North Carolina 26 (check).. . 


Jnfectibn percentages reported are averages of 2 to S years data. 





Number of smutted heads* when inoculated with U, hardet race 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

B355 Missouri Early Beardless Selection .. 

0 

0 

0 

0 

4 

8 • 

5 

0.6 

2 

0 

0.3 

4 

4 

B637 Michigan Winter X Missouri Early Beardless Selection „ . _ 

0 

0 

9 

0 

0,6 

0.6 

0 

0.6 

0.6 

0 

0 

0.3 

0 

B696t Kentucky 2 X Missouri Early Beardless Selection 

2 

1 

3 

2 

0 

1 

6 

. 

3 

13 

1 

4 

5 

1 

B351 Missouri Early Beardless Selection _ . - 

1 

0 ■ 

1 

4'' 

0.6 

o 

10 

0.6 

14 

6 

2 

6 

3 

B404 Missouri Earlv Beardless Selection _ 

0 

0.3 

3 

6 

1 

3 

10 

3 

25 

17 

1 

16 

1 

B411 Missouri Early Beardless Selection / _ _ 

0 

0 

9 

5 

0 

0 

6 

0 

10 

3 

1 

14 

8 

B472 Missouri Early Beardles.s Selection . 

0 

0 . 

2 

3 

0 

0.3 

14 

0 

16 

9 

3 

8, 

3 

B502 Missouri Early Beardless Selection 

0 

0 i 

i).6 

3 

0 

0 1 

■ 7 

0.3 

18 

9 

1 

11 

0 

B507 Missouri Early Beardless Selection 

0.3 

1 ■ i 

•> 

2 

0 

0 


0 

14 

10 


14. 

0.3 

B53S Mis.souri Early Beardless Selection - . - 

1 

*>■ 

9 

3 

0 

v> 

12 ' 

3 

14 

5 

0.6 

15 

9 

B539 Missouri Early Beardless Selection .. . . . - - _ .; 

0.3 

0 

3 

"5 

0.3 

i 

10 ! 

0.3 

14 

4 

6 

12 

O.B 

B700 4 Alaska X Missouri Early Beardless Selection 

0 

0 ■ : 

0 

4. 

0 

0 

12; ^ 

0 

13 

12 

0 

13 

0 

B495 Missouri Early Beardless Selection . „ „ - „ _ _ . .. - 

7 ' 

T ' 

(O' 

9 

22 

39 

■32 ' 

39 

25 ■ 

16 

18 

40 

1 

Mo. B-400 J Kentucky 5 X Missouri Early Beardless Selection 

0 

0 ■ 


4 

12 

23 

23 

19 

30 

26 

15 ■ 

13 

0 


* Number of smutted heads i« a 5-foGt row which had been planted with 5 g, of inoculated seed. Re.siilts are average for a .3 -year period except where indicated 
Otherwise. Two .smutted heads per row, or less, is con.sidered resistant Inua*. 
t Two years’ data only. 
t One year’s data only. 


and 4, but were mostly susceptible to races 5, 6, 7, 8, and 9. 
Heaviest infections were obtained with collections 5, 7, and 
9. The hybrid strains with Missoun Early Beardless par- 
entage, with the exception of Mo. B-400, showed the same 
reaction pattern, being generally resistant to races 1 to 4 
and mostly susceptible to races 5 to 9. Missouri Early 
Beardless Selection, was susceptible to all races of 

U. n}gra. Mo. B-400 was susceptible to all races except 
possibly race 6. 

Resistance to Coveted Smut, U. hordet 

Resistance to covered smut, U. horde}, has been reported 
in Missouri Early Beardless selections by Poehlman (5). A 
composite of races w^as used in that study. Infection varied 


from 1 to 14 heads per 5 -foot row. The infection obtained 
when 10 Missouri Early Beardless selections and 5 hybrid 
strains wdth Missouri Early Beardless parentage were inocu- 
lated with each of 13 races of L\ horde} is reported in table 
4. The 13 races used were those described by Tapke (8) 
who supplied the original inoculum. As with the U. tugra 
studies, a 5-g. sample was inoculated by the partial vacuum 
technique and planted in a 5 -foot row. Infection is re- 
ported as the average number of smutted heads per ‘)-foat 
row for a 3 -year period unles.s noted otherwise. Varieties 
are considered resistant here if infection did not exceed 
2 heads per row. 

One Missouri Early Beardle.ss strain, B355, w-as resistant 
to races I, 2, 3, 4, 8, 9, 10, and 11. One hybrid strain, 
B637 Michigan Winter X Missouri Early Beardless Selec- 
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Table 3. — Reaction of 9 Missouri Early Beardless selections and 6 hybrid strains with Missouri Early Beardless parentage to 

9 physiologic races of 17s tf /ago nigra. 


Variety or strain 

Number of smutted heads* when inoculated with 

''.L race: 

1 

9 

3 

4 

5 

6 

7 

8 

9 

Selection.s and hybrid strains resistant to races 1. 2, 3, and 4: 










B351 Missouri Early Beardless Selection . 

4 

0 

0.3 

1 

rf 

i 

4 

14 

3 

11 

B404 Missouri Early Beardless Selection 

1 ■ 

9 

0.3 

0.3 

10 

12 

22 

5 ■ 

24 

B411 Missouri Early Beardless Selection , . 

0 

0 

0 

0 

8 

4 

. 4 ' 

1 

3 

B472 Missouri Early Beardless Selection ... 

9 

0 

0.3 

0 

16 
' 22 

7 

11 

■5 

17 

B502 Missouri Early Beardless Selection 

0 

0 

0 

0 

6 

7 

5 

23 

B507 Missouri Early Beardless Selection . 

0 

0.6 

0.3 

12 

10 

5 

15 

9 

■ ■ s ■ 

B538 Missouri Early Beardless Selection 

■ O' 

0.3 

0.6 

1 

10 

■ 2 

7 

6 

13 

13 

B539 Missouri Early Beardless Selection „ 

0.3 

1 

■■ 9 

3 

10 

3 

13 

6 

B 575 Admire X Missouri Early Beardless Selection 

0 

0 

0.3 

0.3 

4 

5 

10 

7 

'8 

B699tAdmire X Missouri Early Beardless Selection _ . . . . 

0 

0 i 

0 

0 

17 

13 

30 

18 

,24,' 

B696t Kentucky 2 X Missouri Early Beardless Selection 

0.5 

.■'0 

0.5 1 

0 

3 

9 

14 

9 

'8. ■ 

B700J Alaska X Missouri Early Beardless Selection . .. .. . 

0 

0 

0.5 

0 

6 

4 

11 

8 

12 , ■ 

B703 J B289 X Missouri Early Beardless Selection 

0 

4 

5 

9 

13 

6 

15 

IT : 

23 

Susceptible Strains: 










B495 Missouri Early Beardless Selection _ 

42 

47 

27 

17 

26 i 

6 

23 

18 

61 

Mo, B-400 1 (Kentucky 5 X Missouri Early Beardless Selection) - 

28 

16 

39 

13 

8 . i 

j 

9 

16 

i 

28 . ; 

24 


NumV)iT of Hiiimteil heads in a 5-foot row winch had been planted with 5 g. i>i inoculared seed. Resuics are averaged far a 3-\ t‘ar peri'Hl except where indicated 
otherwise. Two heads snuH per row. or less, is considered resistant here, 
t One year's data only. 

$ Twt'» years’ data only. 


Table 4. — Reaction of Missouri Early Beardless selections and hybrid strains with Missouri Early Beardless parentage to 

13 physiologic races of UstiHgO hordei. 
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tion, was resistant to all 13 races. Another hybrid strain, 
B6S>6 Kentucky 2 X Missouri Early Beardless Selection, 
was resistant to races 1, 2, 4, 5, 6, 10, and 13. Missouri 
Early Beardless selection, B495, was susceptible to all races 
except 2 and 13 . Mo. B'4()0 was susceptible to all races 
except 1, 2, and 13. The remaining Missouri Early Beard > 
less selections and hybrid strains exhibited a high degree 
of resistance to races 1, 2, 3, 3, 6, 8, 11, and 13. Races 9 
and 12 were the most virulent as measured by the amount 
of infection in susceptible varieties. 

The susceptible reaction exhibited in the Mo. B-40fl 
variety is of interest because the incidence of covered smut 
has gradually increased in this variety in the field, as well 
as other commercial varieties growing in Missouri, since 
1952. Strain B573, Admire X Missouri Early Beardless, 
which is being increased for distribution and which may 
replace much of the Mo. B>40() variety in Missouri, has not 
been tested writh individual races of 0. hordeL In 1954 no 
smutted heads were observed in a lO-'foot row of B575 
which had been planted with seed inoculated with an 
unknown race of covered smut collected in Missouri. A 
similarly inoculated row of Mo. B-400 produced 25 
smutted heads. 

SUMMARY 

Tw^o Missouri Early Beardless selections, and one hybrid 
line with Missouri Early Beardless parentage, along with 
another hooded winter 'Variety and an introduction, have 
been used as differentials ro classify 35 colJection.s of U. 


}]uda mio 13 physiologic groups on the basis of differeiitial 
pathogenicity. Other winter birley strains witli Missouri 
Early ’^Beardless origin vary in their reaction to representa- 
tive collections of each of these 13 physiologic groups of 
ij, muk. One collection infects all Missouri Early Beardless 
strains, with one possible exception. Several strains of Mis- 
souri Early Beardless origin are resistant to 4 of the 7 
physiologic races oi IL nigra and several strains are resistant 
to 8 of the 13 physiologic races of IJ, hordei. One hybrid 
strain is resistant to all races of Uk 
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Responses of White Pea Beans to Various Humidities and 

Temperatures of Storage 

S. T, Dexter^ A. L. Andersen, P. L. Pf abler, and E. J, Benne- 

*|k/|'ICHlGAN is the leading producer of white pea beans 
Tv JL f or commercial canning. The crop is harvested and .. 

stored at a moisture content higher than ordinarily consid- Numerous urtides have been published concerning the conditions 

^ . 4 ... i. , .1 1 ■ J necessary lor sate storage ot farm products. A receiit monograph 

ered practicable in order to avoid .slow, uneven soaking and (P) by the American Association of Cereal Chemists lists lumdreds 

cooking, and to avoid split beans, which are worthless for of papers, that are pertinent to the problem . For many years, a 

canning. more or less .standard approach ha.s been that of storing the prod- 

As a result of the necessary? and accepted practice of net in question at a constant relative humidity (2, 4, 13), until 

>h. cop « ^ of .u.to.Kiy n f .srs 

or 18‘/'r, considerable dlfhcuity is encountered in storage, tive humidity (and temperature) and indirectly gives the vapur 

particularly when the beans cannot be moved in bulk from pressure of the saniple. Further examination of "the sample for 

bin to bin. When beans are stored in 100 pound sacks, Oo, ll). rate of respiration ( 6 ), temperature rise (11), 

»nddi.y heatins, and molding S';*" - 

Ih^ Sl^Rdy was initiated in an attempt to learn behave when stored at any vapor pressure and temperature, or 

certain fundamental facts in regard to the behavior c>f any given mokture content. In general, mycelial growth of 

beans when stored in air at various relative humidities and molds wdll occur at a somewhat lower moisture content than will 
temperatures sporulation (1). Molds vary considerably (1, 11) in their require- 

^ ' meats for growth. However, little molding may be expected at 

4 .- r. A -r ^ ^ . relative humidities less than 75% in moderately long storage 

ivfVR Lansing, ( 1 ^ XI), Some materials will support mold growth in slightly 

^“5 I T f 1703 This study was earned on under drier atmospheres than will other materials (1, 5). During the 

Lf thl ® Associatmn preparation of this manuscript, a paper has appeared on tiie liysro- 

and the Commodity Credit Corporation, U.S.D.A. Rec. for publi- scopie characteristes of white pea heans (12). 

cation.. Hec. 2.4, 1954...- ■■■■■ ^ 

® Professor of Farm Crops ; Plant Pathologist, Horticultural 
Crops Research Branch, A,R,S„ U.S 1 D.A., and Department of 
Botany and Plant Pathology; Graduate Assistant in Farm Crops; 
and Professor of Agricultural Chemistry, respectively. 


LI:TER.ATURB EEViE'^^ 


EXPERIMENTAL PROCEDURE 

Two lots of beans, one ''dry"‘ (about 14%. moisture) and one 
wet’* (about 20%; moi.sture), were used to assure uniform sub- 
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Table i 


. — A sample of ’wet'* and a sample of ''dry” beans were placed at each of the relative humidities and temperatures shew n 
in the table, and, with occasionai weighings, were left until they had attained constant Aveight* The percentage 
moisture in these beans w as determined by loss in vacuum in 44 hrs. at 100* F. 


Sample R.H.% 


Percentage moisture at equilibrium at the temperature, F."' shown 


40" 

50" 

70" 

. 80" ; 

■ 90" 

1 

1008. 1 

! (first? 

! 110° 

(second-) 

1 ■ ,110" ■ 

180" 

12.69 

12.94 

I 12 .,21 

11,77 

■ 11.53 

! 11 . 2.5 

1 11.40 

: 11.19 ' 

11.71 

11.49 

1 12.91 

1 12.44 

11.87 

11.70 

- 11.15 

i 11.40 

^ 10.99 

11.61 

12.09 

1 12.92 

1 4.2. 32 

11.82 

1 11.61 

11.20 ! 

1 11.40 

,11.09 

11.66 

14.08 

14.50 

13.96 i 

13,56 

^ 13.34 : 

12 . 88 . i 

! 12.57 

^ 12.80 

12.80=^ 

18.11 

14.19 

1 14.02 i 

13.64 

! 18.48 

12.66 

! , 12.54 

^ 12.88 

18.16-^ 

18.60 

14.84 

1 18.99 

IS. 60 

1 18:41 

I 12.77 

1 12.55 , 

: 12,84 

18.23 

14.78 

15'. 52 

15.27 

14.49 

14.37 

14.27 

I ' 14.73 

13.76 

14.42* 

14.02 

15.14 

: ,15.21 1 

14.47 

1 14.37 

14.10 

1 14.39 

13.61 

14.26’' 

14.88 

15.88 

15.24 

14,48 

15*6*^ 

i 14.37 

! ' 

I 15.32 

i i 

[ ' 1 < . 0 “ 1 

14.19 

j l i>. /6 

17*0^ 

1 , 9 ! 33^' 

14.56 

15,. 44'''' 

1 

13.68 

j 7n iA 

[ . 

14.34 


55 wet .. 

55 dry 

56 average. 

66 wet.. 

65 dry .. _ 

65 average^ . 

70 wet 

70 dry . . .. . 
70 average^.... 
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130 *"!’ 


Fig. 1. — Two lots of beans, ’’Dry" (14%) and "Wet” {liY/t) \vcre stored at the temperatures and relative luimuhties sno\\n 
until they reached constant weight. Note the very much discolored beans at the higher relati\'c humidities and temperature, 
especially 1 10 and 13o''F. 


Longer 

time 

110"F. 


Short 

time 

no^F, 


Fig. 2. — When the beans were 


for a longer time at 110®F., the discoloration increased. 


Figure 3 shows the data of table 1, graphically, in terms 
of temperature, while figure 4 shows them in terms of rela- 
tive humidity. For the four temperatures, 30"^, 70"^, 80*^, 
and 90 ^F., rhe moisture curves were entirely regular and 
virtually parallel, with a higher moisture content being 
found in every case at the lower temperature. At 40^ F., 
moisture contents were uniformly lower than at 30 °F, 
Throughout the 110° and 130°F. series the moisture con- 
tents were somewhat above what would Imve been expected 
on the basis of results obtained in the 50° to 90 °F. series. 
At the higher relative humidities the moisture contents w^ere 
far higher in the 100°, 110°, and 130°F. series than in 
the 80° or 90° F, series. Associated with the higher mois- 
ture contents at higher temperatures, a decided discoloration 
and a strongly rancid odor were found. The mold studies 
(table 3) showed that molds were not responsible for this 
discoloration since the beans at 130°F. had no molds, and 
those at 110°F. had few. Discoloration of the cotyledons 
was much greater than was ordinarily visible, since the 
seedcoats were discolored only partially, mainly around the 
micropyle. 

Figure 5 shows the curves for the establishment of con- 
stant weight of samples of beans at various representative 
temperatures and relative humidities. Establishment of a 
constant weight at the lower temperatures was slower than 
at the higher temperatures. In several of the curves, the 
^ evidence is plain that the sulfuric acid solutions were not 


maintaining strictly constant relative humidities for the hrsr 
few days. This was particularly noticeahle when the ettei ts 
of the two samples were not more or less off-setting, i.e,. 
one sample taking up moisture and the other losing it. One 
such curve, 80°F., 830 R.H„ with wet seed is shown 
(hgure 5). In this and similar cases, both samples tended 
to take up moisture from the air. However, during tlie 
earlier period, this %vet sample actually lost a small amount" 
of water to the atmosphere, which was evidently not pre- 
cisely at 85 relative humidity, because of the presence of 
rhe "dry” sample, which w‘as absorbing water from the 
atmosphere rather rapidly. The necessity for using com- 
paratively small samples of beans and large volumes and 
surfaces of solution is evident. Whenever the samples could 
be arranged to counteract each other, smoother curves W'ere 
obtained. '■ 

DISCUSSION 

The ’ equilibrium-moisture-contenr” approach to the 
problem of storage of various crops has otten been used in 
agronomic and biochemical research. Nevertheless, data 
concerning the effects of temperatures on these equilibria 
are comparatively scarce (3, 7), and information concern- 
ing wbite pea beans at various temperatures and relative 
humidities seems unavailable. Yet, in the case of beaas, the 
problem is a particularly pertinent and troublesome one. 


90 ^F. 


RH. 
\X'ct 



iiiiiiij 


Table 3.— -Average mold count per gram of beans stored at different reiatiye bnniidities and temperatures 

until constant weight was attained, 

I Temperature 



40" 


70“ 

80“ i 

1 o 

i O 

100“ 

110“ 

110“ 

130“ 





Dry beans (at start) 




55 - ' 

24 

24 

14 

16 

24 

948 

8 

0 

0 

65 

36 

0 

4 

4 

36 

•228 

0 

0 

0 

70 

6 

4 

2 

2 

6 

94 

36 

0 

0 

75.. — 

0 

0 

11 

4 

0 

0 

74.344 

12 

0 

80... 


, 4 

11 

11 

- 2 

24 

0 

• 4 

0 

85.... 

A 

0 

0 

34 

0 

0 

284,800 

0 

0 

4 





Wet beans (at start) 




55 1 

i 20 

i 68 i 

100 ! 

14 

70 

420 

4 

122 

0 

65. ~ - - ... - .. ... 

1 28 

40 

164 

3 

14 

232 

8 

4 

0 

70-.-.,-.. - ^ 

i ■ 36' 

28 

80 

14 

58 

106 

4 

32 

0 

75 

1 4 

0 

51 

0 

■ 9 

0 

0 

4 

0 

SO 

! 40 

12 

17 

350 

40 

4,260 

0 

0 

0 

85-- 

i 8 

j 

12 

404 

97,533 

4 

3,382,000 

0 

4 

0 


Beans are har\x*sted in the fall and stored in a rather 
damp condition in cool, unheated warehouses. They are 
often subject to a considerable rise in temperature before 
they are processed. When it is necessary to hold these beans 
in storage during the following hot summer months, the 
problem is magnified. Not only does the temperature be- 
come more favorable for mold growth, but the relative 
humidity of the air spaces between the beans increases, thus 
favoring spoilage. 

As a specific example, to show the applicability of these 
values to storage practice, let us assume that a sample of 


M-MOLO 
0 -DISOOtORmO 


ffQo 


L - Sample lost or spoiled 


60 70 80 90 100 UO 

TEMPERATURE (DEGREES FAHRENHEIT) 


Fig, 4.— The average moisture contents at each relative humidity 
and temperature (table 1) are shown in the curves to show the 
change in moisture content as the temperature changed at various 
fixed relative humidities. 


80*; 80%R.H. ‘’ORY" 


50* 75%R.H.“0RY*’ 


>80*^.85%R.Hd*W£T” 


60 65 70 75 80 

PERCENT RELATIVE HUMIDITY OF AIR 


Fig, 3.*— The average moisture contents at each relative humidity 
and temperature (table 1) are shown in the curves to show the 
change in moisture content as the relative humidity changed at 
various fixed temperatures. 


< 0 - 0.21 

J-0.4 

I -0.6 ' 

Ui 

» - 0.8 - 
u. 


.80* 80%R.H.'’WEr‘ 


ltO*,55%R.H.’‘DRY‘’ 


• TO* 70%R.H,*'WEr 


0 (0 20 30 40 50 60 70 80 90 100 120 140 

DAYS 

Fig. 5. — The curves show the rate of loss or gain in weight of the 
bean samples when stored at various relative humidities and 
temperatures. 


DEXTER ET AL.: 


RESPONSE OF WHITE PEA BEANS TO STORAGE HUMIDITIES AND TEMPERATURES 


250 


AGHONOMY JOURMAL 


beans with a moisture content of 16.4% is put into storage 
at 50 °F. Examination of figure 5 shows that this gives a 
relative humidity of the atmosphere between the beans of 
75% or a vapor pressure of 75% of that of water at 50 
(75% of 9 mm.). If these beans gradually warm up to 
90 °F .5 without losing appreciable water, they will maintain 
a relative humidity of 78%, which corresponds to a vapor 
pressure of 78% of 36 mm. Thus, die warmer (90^‘’F.) 
beans, although at the same moisture content, appear to be 
more moist than the cool (50"^?.) beans. It is quite true 
that the difference seems comparatively small~7 5 vs. 78% 
R.H. — ^but when it occurs at the critical point for spoilage, 
only a small difference is needed, particularly in view of 
the more favorable temperature for mold growth. If a 
small volume of beans became heated, when surrounded by 
cool beans, the increased vapor pressure, (78% of 36 mm.) 
at 90^* F. would be approximately 3 times the saturated 
vapor pressure at 50°F, (9 mm.) and condensation would 
occur on the cool beans, thus increasing their moisture con- 
tent, and. at the same time wanning them, so that condi- 
tions for molding would be aggravated. 

Generally, the 'wet” beans seemed more susceptible to 
spoilage than the "dry” beans. The ’hvet” beans had suf- 
fered considerable dderioration in the field, during harvest. 
In selecting the 1 0 0 beans f or each sample, an effort was 
made to avoid obviously injured beans. Nevertheless, it is 
ap)parent that a larger mold spore count developed in these 
beans, even at low relative humidities. It has frequently 
been reported that cracked or otherwise injured grain is 
more susceptible to damage in storage than is sound grain, 
even when at the same moisture content (1) . 

Attention has been called repeatedly to the difference in 
the moisture contents (4) of various materials at different 
relative humidities, and the relationshi p of these values to 
the allowable moisture content in storage. Milner and 
Geddes (1, py 163) state, "it i.s now quite generally agreed 
that the so-called critical moisture level for any individual 
species is the percentage moisture at which the seed is in 
equilibrium wfith an atmospheric humidity of about 75 % T 
Thus, the moisture contents at: 75 % relative humidity of 
barley, oats, corn, and wheat are about 14.4%, 13. 9%y 
14.4%, and 14.6% respectively, wdiereas flaxseed, 
(10.0%) and other oily seeds are materially lower in equi- 
librium moisture content at this relative humidity. Beans 
are notably higher (12), wfith a value about 16.3%. to 
16.7% moisture, at 75% relative humidity. Thus, the 
storage of beans at 17 or 18% moisture is not as completely 
out-of-line as might appear at first glance. Barton (3) 
shows a spread of about 7% in the moisture contents of 
the seeds of 6 species at 20°C. and 76%. R.H. 

This paper p)resents certain peculiarities that are not 
ordinarily encountered w^hcre only one temperature is used, 
or where the range of experimental temperatures wais 
between 50° and 90 °F. These are: 

1. The changes in moisture holding capacity from 90° 
to 50 °F. are about the same as have been previously re- 
ported, and are about what would be expected from the 
ordinary energy relationships of hydrophilic colloids and 
heats of hydration (8) . 

2. The decrease in moisture holding ability as the beans 
became colder than 50 °F, seems somewhat remarkable, but 
is ...quite in accord with the findings of Barton (3) with a 
considerable series nf seeds. It would be interesting to have 
a. chemic?al or a physical explanation of this phenomenon. 


3. Similarly, the increased hydrophilic character of beans 
as the temperature increased above 100°F. was unexpected. 
It seemed associated w^ith discoloration and the develop- 
ment of randdity. Even though the beans at 130°F. and 
85% R.H. were browm, and rancid, they were moist enough 
to be readily dented w'ith the finger-nail. Other samples of 
beans at a similar moisture content darkened correspond- 
ingly at 130°F., when in closed containers. It seems highly 
improbable that the apparent high ‘'moisture” content was 
due to tlie loss of volatile materials other than water, be- 
cause the moist beans molded wdien inoaiiated, and stored 
at room temperature. 

SUMMARY ■ 

Bean samples wnth an initial moisture content of about 
l4% and 20%^ wore stored at temperaturcS'of 40°, 50°, 
70°, 80°, 90°,' 100°,TlO°, and 130°F., and at relative 
humidities of 55 to 85%: until tlie samples reached constant 
w^eight. Moisture determination and mold counts w ere then 
made on the samples. Samples held at high temperatures, 
especially when at high relative humidities showed severe 
disGoioratitm and chemical deterii>ration. Moiding decreased 
as storage temperatures went below or above IQ0°F. 

and w'as particularly prominent at relative Inimiclities above 
75%) between these temperatures. Moisture iontents w’ere 
uniformly lower at equilibrium at U)' than ai :^o l\ at: the 
various relative humidities, and progressi\'elv lower through 
the series from 50° F. to 90°F, At ab^mt ibo Tg an inver- 
sion in the curves CKXurred, and moisture conienls became 
higher, particularly at 130°F., the highest temperature used. 
The application of these findings to the problems of bean 
storage is discussed. 
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Chemical Stripping and Suckering of Hops^ 


K, R. Keiiet' and E. R. Laning, Jr,’^ 


I N THE production of hops in the United States the 
average annual labor cost per acre, exclusive of picking, 
is estimated at approximately $200,00. These charges may 
be allocated to cultural operations such as hoeing, training, 
stringing, stripping, and suckering. The latter two opera- 
tions are usually performed simultaneously. Hoeing 
machines are now used to a limited extent. Since the major 
portion of hop production phases are dependent upon hand 
ia'bor, new methods and technics for reducing costs are of 
primary economic interest to growers. This .study was initi- 
ated to obtain information on the use and value of chemical 
agents as an aid in the stripping and suckering operations. 

Hop plants are usually hand stripped and suckcred a 
minimum of 3 times during each growing season. The tirst 
operation is performed early in the season wlien the desired 
number of vines are trained on the strings which are 
attached to each hilL The string vines are normally stripped 
free of leaves from 12 to IS inches above the surface of the 
soil. Excess vines or suckers around the Base of each hill 
are removed at this time. The second stripping and sucker- 
ing operation may vary between yards depending upon the 
grower but is usually done when the vines on the strings 
are from 6 to 10 feet in height. The string vines are usually 
stripped to a height of 3 or 4 feet above the surface of the 
soil and again die suckers are removed from around the 
base of each hill. It is during the second and subsequent 
operations that chemical agents may be used for stripping 
and suckering. The growing tips of the string vines are 
well above the spray area at this time. 

MATERIALS AND METHODS 

Two randomized block designs, one consisting of 10 treat- 
ments and the other of 25 were superimposed on the variety 
Fuggles. Ihe trial with 10 treatments was located in the Orgeon 
State College hop yard at Corvallis, whereas the other trial was 
located in a nearby commercial yard. Harvest wxaghts in pounds 
per plot, percentages of the total soft resin content alpha acid 
and beta fraction as well as visual rating data were recorded on 
the former trial in 1953. Harvest weights and visual ratings w’cre 
obtained from both trials during the 1954 growing season. The 
treatments were aplied to 5-hiU plots in each of 4 replications 
for each trial. The entries in the field test involving the 10 treat- 
ments consisted of a check plot which was hand stripped and 
suckered and 9 chemical agents. The other trial which involved 
the 25 treatments consisted of a check (stripped and suckered 
by hand) and 8 chemical agents each applied at 3 different rates 
per acre. The materials used and, their rates per acre are presented 
in a followine section All of the chemicals were dissolved in 


leaves, sidearms, and suckers from a height of 4 feet above the 
ground level downward. The materials were applied in such a 
manner that dripping of the solution from the foliage was kept 
at a minimum. The check plots for each replication were stripped 
and suckered by hand on the same date that the chemicals were 
applied. The application dates were governed by the time at which 
the usual hand stripping and suckering operations would have been 
performed. Visual ratings which indicated the effectiveness of the 
materials in the removal of the leaves, sidearms, and suckers were 
recorded just prior to harvest. The check plots received a rating 
of 1.0. The rating scale varied between 1.0 and 5.0 inclusive. 
Treatments which received ratings approximating the check plots 
were considered effective defoliant agents. Entries which w^ere 
rated as high as 5.0 indicated little or no defoliation. The plots 
from both trials were harvested during the last week of August. 
Since no significant differences were noted among the treatments 
relative to moisture content the yield data were analyzed on the 
harvest weight jXH' plot basis. Strobile samples for each treatment 
in each replication of the 1953 trial were analyzed for their per- 
centages of total soft resin content, alpha acid, and beta fraction. 

EXPERIMENTAL RESULTS 

The results from a study conducted for 2 years to evalu- 
ate the eltectiveness of chemicals to reduce the need of hand 
stripping and suckering hops are presented in table 1. 

The results from the analyses of the data for harvest 
weights in pounds per plot for the 2 -year summary, the 
means of which are presented in table 1, indicated that 
there were significant differences among treatments, A 
breakdown of the treatment sum of squares into (a ) CfPC 
vs. others and (b) among others with 1 and 8 degrees of 
freedom, respectively, indicated that a difference existed 
only within the first comparison. The effectiveness of the 
chemical agents in the stripping and suckering action and 

Table 1. — Chemical defoliant data for Fuggles grown in the 
College hop yard, Corvallis, Oreg., 1953 and 1954. 




Cost/ 





acre- ! 




Rate /acre 

(Chemi- 


Average 

Chemical agent* 

(40 gaLHoO): 

cal agent 

Visual : 

yield 


per i 

per ap- 

rating 

Jbs./plot 


application 

plica- 



1 


tion) ' 



1. No treatment-- 


- 

1.0 

44.8 

2. C I P C i 

3.6 pounds 

6,96 

2,0 

12.5 

, 3. D N B P Amine 

3.6 pounds 

. 6.72' 

.-3,8 ■■ 

44.2 

4. Na P C P 

8.0 pounds 

2.24 

2.2 - 

41.6 

5. Na M C A 

16.0 pounds 

■ t 

2^0 

39,5 

6. Na chlorate, 

8. Cvanamid 

i 4.0 pounds 

i 0.92 

2.8 

41.4 
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the cost of the material shoiilci also receive consicieration 
in evaluating each of the entries. Considerable leat injury 
was noted on the plants above the sprayed level in the 
CIPC and cyananiid plots. The evidence of this injury 
alone would suggest that these materials may be detrimental 
to plant growth. It is doubtful that treatments receiving a 
visual rating larger than 1.5 would be acceptable to growers 
as an effective means of stripping and suckering. On the 
basis of this statement only two of the materials, Endothai 
and Exp. Herb. No. 3 appear promising. The acceptance 
of these chemical agents by hop growers will depend 
largely upon the cost of the materials. Although extensive 
data is not available on the cost of hand stripping and 
suckering, preliminary information obtained on the experi- 
mental plots at Corvallis indicates that the expense is 
approximately |1 2.00 to $15.00 per acre. The summary of 
the data presented in table 1 and the results from the anal- 
yses of the data for harvest weights indicate that at least 
two of the chemical agents may be worth consideration as 
a means of .stripping and suckering. 

Samples of strobiles were collected from each of the 
plots in the 1953 trial and w^ere analysed for their percent- 
ages of total soft resin content, alpha acid, and beta frac- 
tion. The results from the analyses of the data for these 
three c]uaiity factors indicated that there were significant 
differences among treatments. A breakdown of the treat- 
ment .sum of squares into (a) CIPC vs. others and (b) 
among others, indicated that a significant difference existed 
within the former comparison only. The average percent- 
ages for the total soft resin content, alpha acid, and beta 
fraction for the CIPC treatment and all others including 
the check were 14.96, 6.36, 8.60 and 12.81, 5.33, and 7,48, 
respectively. The analyses of the data for the three quality 
factors and yield suggest that CIPC effects a significant 
reduction for these characteristics. 

Additional information concerning the value of chemical 


Table 2.— Chemical defoliant data for Fuggles grown in a 
commerdai hop yard, Corvallis, Dreg., 1954. 


Chemical Agent* 

. 

Rate/ 
acre 
(40 gal, 
H.O) 
per appli- 
cation 

Cost/ ’ 
acre 
(chrmii- 
cai agent 
per ap- 
plica- 
tion) 

A ver- 
tigo 
visual 
rating 

Average 
yield 
lbs. /plot 

1, Check- -- 



1.0 

43.95 

2. Na Arseni te - .. 

0.8 lb. 

0.30 

2,0 

32.24 

S. Na Arsenite 

1.6 1b. 

0.60 

3.0 

19.39 

4. Na Arsenite ... . „ „ „ .. 

3.2 1b. 

1.20 

— -- 

0.00 

5. Na P C P- „ 

4.0 lb. 

1.12 

3.0 

38.60 

6. Na P C P 

8.0 lb. 

2.24 

2.7 

40.52 

7. Na P C P - 

16.0 lb. 

4. 48 

9 ' 

32.44 

8, Na M C A 

4.0 lb. 

— 

*7 O 

35.58 

9. Na M C A-- 

8.0 lb. 



1.5 

37.26 

10, Na M C 

16,0 11). 

i 

1.2 

^ 28.12 

11, Na Chlorate_. .„ - 

' 2.0 Ib. 

; 0.46 

1 2.0 

■ 34.72 

12. N a Chlorate... 

! 4.0 1b. 

0.92 

1 ,1.0 

37.09 

18, Na Chlorate 

8.0 lb. 

1.84. 

1 1.0 i 

22.68 

14. Mg Chlorate-- 

2.0 lb. 

0.46 

; 2.0 

37 . 86 

15. Mg Chk)rate-..-„ , 1 

i 4.011). 

! 0.92 

^ ■1.2 

33.50 ■ 

16. Mg Chlorate-, 

i 8.0 lb. 

^ 1.84 

/ i..O ^ 

28.76 

IT. Cyanamid-- 

i 7.5 lb. 

: — 

! 2.5 

32., 48 

18, Cyanamid... 

16.0 1b. 

i 

2.0 

38.21 

19. CyanamkL 

1 30.0 lb. 

1 

1 ' 1.2 : 

36.36 

20. Endothai - . 

' 2.0 lb. 

I . — ■„. 

1.5 

40.91 

21, Endothai - 

4.0 lb. 


1.0 

41.44 

22. Endothai— ., 

; 8.0 1b. 

' , ■ 

1 . '1.0 

38.48 

23. Exp. Herb. No. 3 „ 

4.0 gal. 


1.7 

40.91 

24. Exp. Herb. No. 3 - 

8.0 gal. 


1.0 

41.44 

25. Exp. Herb. No. 3 „ 

16.0 gab 

i 

1 ' 

u '1.0; ■ 
L 

39.61 


* Refer to pble 1 for cLeinkal for isMtlas except for Agents ninl 4, 
which are Sodium arsenite. 


the chemical agent involved. None of the stock plants was 
killed since a good regrowth of suckers in those plots w^as 
noted later in the season. 


agents as an aid in stripping and suckering hops was 
obtained in a commercial planting of Fuggles near Corvallis 
in 1954. The chemical agents used, their rate, and cost per 
acre per application as well as their average visual rating 
scores and yield in pounds per plot are presented in table 2. 

The results from the analyses of the data for harvest 
weights in pounds per plot indicated that there were sig- 
nificant differences among treatments. A breakdown of the 
sum of squares for treatments into a high yielding and a 
low yielding group suggested that these groups di&red in 
harvest weights. The low yielding group was composed of 
treatment numbers 2, 3, 7, 10, 13, 16, and 17. No sig- 
nificant differences in yield were noted among the treat- 
ments in the high yielding group. Within the high yielding 
group leaf injury was noted in the two higher rates for 
Na P C P, Cyanamid, Na Chlorate, and Mg Chlorate. The 
high yielding treatment plots which received an average 
visual rating of 1.5 or lower and which did not exhibit leaf 
injury were as follows: Na M C A treatment 9, all rates of 
Endothai, and the two higher rates of the Exp. Herb. No. 3. 
Although treatment 9, Na MCA, appeared promising in 
this trial, it may be eliminated from future consideration 
since it is no longer in commercial production. The results 
from the analyses of the harvest weights and the data pre- 
sented in table 2 indicate that either Endothai or Exp. Herb. 
No. 3 may be of value in the stripping and suckering of 
hops. It should be mentioned that no yields were recorded 
for treatment 4 since all of the string vines died shortly 
following the first application as a result of the action of 




DISCUSSION 

Tlie acceptance and use by growers of chemical agents 
as a method for stripping and suckering hop plants will 
depend upon .several factors: avaiiabilit}' of labor, ease of 
application, influence on yield, effe'tiveness, and cost. 
Recent trends in hop production practices have been toward 
more mechanization. A lack of adequate numbers of 
laborers when most needed in the hop yards has practically 
forced this situation. The application of chemical sprays for 
stripping and suckering by means of low pressure tractor 
drawn sprays is quite possible and could be readily adapted 
by most growers. 

The information presented herein suggests that some 
chemical agents may be used satisfactorily for the stripping 
and suckering operations. Preliminary * estimates for the 
formulation of Endothai used in these trials indicates that 
the cost of the material would make it worthy of consid- 
eration as a means of reducing expenses in the stripping 
and suckering operations. 

Since there are differences among chemical agents as well 
as among rates of application within an agent on revSultaot 
yield and quality in hop strobiles, growers must therefore 
take necessary precautionary measures prior to the use of 
the various materials. The use of chemical agents for 
stripping and suckering operations would require rather 
caret ui preparation of the sprays with regard to rates per 
acre. The more readily soluble materials would perhaps be 
more satisfactory for grower use. 
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It must be remembered that the results from the data pre- 
sented herein are of a preliminary nature and should not 
be intepreted as those which might be expected under all 
conditions. Because of the intense interest by producerSj it 
seemed justihed to present the data that had been collected 
to date on this phase of hop production. 

SUMMARY 

Experimental trials were conducted on the variety 
Fuggles in hop yards near Corvallis, Oreg., in 1953 and 
1954 to evaluate the use of chemical agents as a method 
for stripping and suckering hop pdants. The results from 


the analyses of the data for har\'est weights and the per- 
centages of the total .soft resin content, alpha acid, and beta 
fraction indicated that there were dilferences within each 
analysis among the treatments. Treatments w^ere noted 
which were equal to the check, strif)ped and suckered by 
hand, for each of the factors studied. The effectiveness of 
some of the chemical treatments, as measured by a visual 
rating, in the stripping and suckering operation were equal 
to the check. The results from the analyses of the data pre- 
sented indicates that several of the chemical agents used in 
these trials may be of value in the stripping and suckering 
of hop plants. 


A Coniparison of Hill and Conventional Yield Tests 
Using Oats and Spring Barley' 


W. M Ross and John D. Miller'^ 


111 I 
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T esting and breeding methods with small grains are 
fairly well established, with variations depiending upon 
land availability, labor, seed supply, desired statistical pre- 
cision/and convenience. Though few small grain experi- 
menters have used anything but short rows for line evalu- 
ation, corn investigators were introduced to the ear- to -hill 
breeding method in 1934 by Jones and Singleton (3). 
Jugenheimer and his group at Illiaois'*>'L s (2) have used 
the hill method extensively and with success for both devel- 
opment of corn inbred lines and evaluation of hybrids. 
The main advantage claimed for replicated corn hill tests 
was the larger volume of material that could be observed 
and tested in relatively .small areas, 

Swanson (4) }3lanted grain sorghums in hilb in 40-inch 
rows using 6-, 12-, I8-, and 24-inch sf)acings keeping total 
plant populations constant by varying number of plants per 
hill. There was an apparent variety X spacing interaction 
wdth highest yields from 6-inch spacings. 

Bonnett and Bever (1) in 1947 reported use of head- 
hills as a smali grain plant breeding technique, and in 1951 
Bonnett^ experimented wdth hill yield tests in small grains. 
Yields and ranks with oats in hills compared favorably 
with rod-row tests of the same varieties, but differential 
winterkilling in winter wdieat gave a poor reiationsliip in 
that crop. 

^ Joint contribution from the Field Crops Research Branch, 
A.R.S., U.S.D.A., and the Fort Hays Branch, Kan.sas Agr. Exp. 
Sta.; Contribution No. SI from the Fort Hays Branch Exp. Sta. 
Rec. for publication Jan. 19, 1955. 

^Associate Agronomist, Field 'Crop.s Research Brandi, A.R.S. , 
U.S.D.A., and Assistant Professor, Kansas Agr. Exp. Sta. 

® Finley, C. R. Optimum plot size and number of replications for 
testing doublecro.ss hybrid corn varieties. M.S. Thesis, Univ. of 111. 
1952. 

^ Jugenheimer, R, W. Efficient development and testing of corn 
inbred lines and hybrids. Amer. Soc. Agron. Abs, 1949, pp. 6-7. 

® Schertz, K. F. Comparative accuracy of single hill and larger 
plots for testing three-way crosses of corn. MJS. Thesis. Univ, of 
IH. 1950. 

^ Bonnett, O. T., University of Illinois. Unpublished data. 


METHODS 

At Hays, Kans,, in 1952 and 1953 the oat and spring barley 
variety tests were planted in hills and rod-row^s as well as 1/50 
acre drill plots. Drill plots were not grown in 1954, but compari- 
soas were made that year with rod- rows and hills. Additional 
nurseries also Were compared in 1953 and 1954. In these tests 
eadi hill, like a rod-row or drill strip, 3vas considered a separate 
plot. 

Hills were planted with a hand corn planter, replicated and ran- 
domized, and spaced 1 foot apart in l-foot rows. The entire test 
was surrounded by border hills. Seeding rates were either 24 or 
25 seeds per hill; this about equals the recommended bushel per 
acre drill rate of both oats and spring barley for the area. In 1954 
three seeding rates were used, but only data from the 24 seed rate 
were entered in the calculations in tablc.s 1, 2, and 3. 

Though entries remained constant within methods of a given 
test, replication number for each method was determined by the 
practical considerations involved in any yield test. Randomized 
block designs were employed in all tests except the 1953 advanced 
oat and advanced barley rod-rows where a simple and a triple 
lattice were used, respectively. However, in the combined analyses 
of table 2, randomized block data were u.sed. 

Drill plots were harvested with a combine while rod-rows and 
hills were threshed with a Vogel machine. The bushel yield per 
acre for hills is conveniently calculated by multiplying the gram 
yield per hill by 2 for barley and 3 for oats, 

RESULTS AND DISCUSSION 

Yield test data in the Great Plains are subject to great 
variability because of drought, heat, and other natural 
factors. This largely explains the high L.S.D.’s often re- 
quired at low yield levels and the high coefficients of vari- 
ability sometimes shown for individual tests summarized 
in ' table 1.- , 

It is evident, however, that variability in hill yield tests 
was higher than with other methods, primarily because of 
the great multiplication required to place hill yields on a 
bushel per acre basis. In spite of precautions, seed losses 
occurred from lodging, shattering, and harvesting, and diffi- 
culties were encountered in bhresfhing small lots of seed 
without loss. 

Differences in yield levels among me^thods in table 2 were 
expected and are explained on the basis of location, method 
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Table 1.— Statistical summary of individual oat and spring barley yield tests used in methods of testing 

comparisons at Hays, Kans., I952~-5‘1 


Year 

Test 

Method 

. No. 
entries 

-■ No. 
repls. 

Av. yield : 
bu. A. 

L.S.D. 
at 5% 

C. V. 

% 

1952 

Oat variety™ .. c - 

plots 

12 

3 

24.3 

6.8 

16.4 



rod-row.s 

12 

4 

21.4 

4.5 

14.6 



hills 

12 

8 ; 

14.9 

7.3 

48.7 

1952 

Barley variety 

plots 

5 

3 

23.1 

4.4 

10.2 



rod-rows 

5 

4 

14.6 

4.6 

20.8 



hills 

5 

10 

16.2 

' 6.2 

41.6 

1953 

Oat variety 

i plots 

S 

, 4 ■ . 

13.9 

2.3 

11.4 



1 rod-row^s 

8 

4 

30.9 

2.7 

5.9 



1 hills 

, S 

8 

20.1 

4.9 

24.2 

1953 

Oat advanced - - - 

rod-ro’ws 

36 

3 

23.5 - 

5.0 

13.2 



liills 

36 

6 

14.7 

6.1 

36 . 7 

1953 ' 

Barley variety . - - 

plots 

! 5 

4 

15.0 

2.7 

11,7 



rod-rows 

5 

. 4 

19.9 

3.5 

11.4 



hills 

O' ‘ 

8 1 

20.0 

N.S. ; 

24.7 

1953 

Barley advanced i - - - ... ™ 

rod-rows 

1 25 

4 

22.1 

1 3.0' i 

9.8 ■ 



hills 

! , ■. 25 ; 

6 , ■ 

17.8 

1 5.1 

'31.5 ■ 

1954 

: Oat variety™ „ - „ : 

rod-rows 

: . , ' 7 

6 

65.6 

, 9.7 

1 12.8 



hills 

T 

10 

50; 5 

9.7 

19.4 

1954 

Barley variety - :. ; . 

rod-row^s 

6 ! 

6 

. 50.4 

.4,0' 

■ 8J' ■ 



hills 

6 

10 

■ 48.5 ■ 

■ N.S. 

■ ■ 22.9 

1954 

Barley advanced ... . .. ™ .. . . . „ . . - : - . ™ 

rod-row^s 

'■ 28 ■ 

3 

■47.7 ■ ■■ 

• " 13, 3. 

16.8. 



hills 

28 

10 

^ .48'.6 . 

1 1.0 

25.6 


of harvest, machine adjustments, and individuals involved 
in handling the crop; Similarly vmieta^ differences and 
differences between replications in a given test were ex- 
pected and obtained in. many cases. 

The validity of using one testing method in place of 
another is based on the fact that varieties perform similarly 
under both systems. This was not always the case in these 
tests s'ince in the combined analyses of table 2, a variety 
X method interaction w^as found four out of nine times. 
On the basis of crops, an interaction occurred once in four 
cases for oats and three in five for barley. Stated conversely, 
the oat varieties performed alike three out of four times 
and the barley two out of five times under the different 
me^thods. 

When varietal yields were correlated between tests as 
shown in table 3, similar relationships were found. Eleven 


of 17 correlations were significant; seven of these were with 
oats and four with barley. Though interest was primarily 
in the hill comparisons, it is noted that the barley variety 
tests did not correlate significantly in rod-row^s and plots. 
How^ever, rod-row*’ plots are commonly used by experiment- 
ers as substitutes for drill plots in small grains. 

In comparisons involving hills, five of six varietal yield 
correlations were significant for oats and four of seven for 
barley. Plot and hill yields were significantly correlated in 
both comparisons witli oats but significantly correlated once 
in two comparisons of barley. 

In general^ the data point to a better relationship between 
varietal yields of oats than barley when different testing 
methods were used. Apparently barley is more prone than 
oats to react differehdy in hills than in row^s though there 
is indication of some differential reaction in oats. 
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Table 2. — Combined analyses of oat and spring barley yield trials, Hays, Kans,, 1952-54, 


Mean Squares 


Varieties 
X methods 


Blocks with- 

D.F. in methods D.P. Error 


D.P. Varieties 


MethodvS 


1952 Oat variety _ _ _ _ 

1952 Barley variety. 

1953 Oat variety _ .. . . 
1953 Barley variety.., 
1953 Oat advanced - . . 

1953 Barley advanced 

1954 Oat variety 

1954 Barley variety,.., 
1954 Barley advanced 


Significant at the S% level. 
* Significant at the 1 % level 
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Table 3. — Correlations of varietal yields of oats and spring 
barley under different testing methods, Hays, Kans., 1952-54, 


Oat variety 

Oat variety 

Oat variety 

Barley variety . 
Barley variety „ „ 
Barley variety _ _ 

Oat variety 

Oat variety 

Oat variety.. 

Oat advanced 

Barley variety. .. 
Barley variety . , 
Barley variety ... . 
Barley advanced 

Oat variety 

Barley variety. 
Barley advanced 


jji the S% l<‘vt‘l, 
at the i'/J. le\el. 


Comparison 

Rod-rows vs. hills 
Rod-rows vs. plots 
Plots vs. hills 
Rod-rows vs. hills 
Rod-rows vs, plots 

Plots vs. hills 

Rod-rows vs. hills 
Rod-rows vs. plots 

Plots vs. hills 

Rod-rows vs. hills 
Rod-rows vs. hills 
Rod-rows vs. plots 

Plots vs. hills 

Rod-rows vs. hills 
Rod-rows vs. hills 
Rod-rows vs. hills 
Rod-rows vs. hills 


-hO.886** 
+ 0 . 885 **^ 
+ 0 . 729 *=^ 
+0.938* 
+0.769 
+0.946* 
+0,961** 
+0.948** 
+0.876** 
+0.241 
+0.314 
+ 0.761 
+0,349 
+0.557** 
+0.830* 
--0.224 
+0.620** 


Table 4. — Suinmary of rate of .seeding oats and barley in hills, 
Hays, Kans., 1954. 



Oats 

Barley 

Rate — seeds hill 

12 24 36 

12 24 36 

Rate- -lbs, acre 

30 60 90 

40 SO 120 

Yield- -'■bii.s. acre 

41.0 50.5 53.1 

44.6 48.5 54. 

L.S.D. 5% level- 
bushels _ 

c.v. %- . 

(3.3 among rate.s) 

(4.1 among rates) 

all levels .. i 

(26. 9) 

(26.7) 


To detennine if seeding rate had an influence upon vari- 
etal yield, three rates — 12, 24, and 36 seeds per hill — were 
used in 1954 with the oat and barley varieties. Data are 
gi\'en in table 4 and show a difference among rates in both 
crops, but no variety X tate interactions were found. 
Though the 36-seed rate produced a significantly higher 
yield in barley and tended to be the highe.st in oats, it is 
doubtful if this would hold true in most years, for 1954 
was unusually fiu-orable for spring small grains at the Hays 
station and tolerated high seeding rates. 

la addition to yield data, heading, height, and lodging 
notes were collected from the oats and barley hills in 1952. 
Because of difficulty in measuring these characters, the data 
w^ere of little value and no attempt was made in subsequent 
years to take anything but yield data. Competition among 
hills seemed to level out varietal differences in these char- 
acters. Test weights also were taken but were difficult to 
measure because of limited seed. 

There are certain other factors to consider relative to hill 
tests. Cost of operations such as packeting seed, marking 


envelopes, record keeping, and note taking, are constant 
regardless of plot size. These may account for greater effort 
and expense than with the same test using conventionai 
methods because more replications appear to be required 
when using hills. 

Advantages of hill testing are: a small area required for 
experimentation (1 square foot per plot), a small amount 
of seed needed for planting, and use of randomized blocks 
instead of more complicated designs because of iow^ soil 
variability. In 1952 the barley varieties were planted in hills 
in two 5 by 5 latin squares and the oats in two semi-latin 
squares. Analyses were made for both latin squares and 
randomized blocks. Mean squares of the error for barley 
w^ere 11.80 and 11.36 in latin squares and randomized 
blocks, respectively, while for oats they w^ere 5.88 and 5.91, 
respectively, where gram yields were analyzed. 

Hill yield tests, from the breeding standpoint, possess 
some merit for screening large numbers. Tests can be made 
with early generation material that otherwise would be 
impossible because of limited seed. Hill tests are not pro- 
posed to replace conventionai small grain techniques but, 
carefully used, might he a valuable supplement. 

SUMMARY 

1. Comparisons of varietal yields of oats and spring 
barley hill tests with rod-row^s and drill plots w^ere made, 
and yield levels among methods differed signilicantly seven 
out of nine times. 

2. Variability in hill te.sts was always higher than in other 
methods. 

3. Better relationships existed between \’arietal yields of 
hill tests and other methods with oats than with barley. Of 
six comparisons involving oat yields in hills, five had sig- 
nificant varietal correlations. Only four of seven correlations 
were significant when the same comparisons were made 
with barley. 

4. Using combined data involving all methods, variety X 
method interactions were significant once in four analyses 
for oats but three in five for barley. 

5. Data on heading, height, lodging, or test weight could 
not be taken with enough precision to measure differences 
among varieties in iiills and w^ere deemed of little value. 

6. Hill yield tests w4th small grains have value only as a 
supplement to present testing methods w4ien large numbers 
of lines are to be screened, seed supply is scarce, and land 
is limited. 
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Isolation of Kenaf for Seed Increase* 


Meivia D. Joaes, Catlos Puentes, and Rene Suarez- 


K enaf (Wbisms cmimhmus L.) has complete flowers, 
-siniilar to those of cotton, with many anthers borne on 
a staminal coiimm adnate to the pistil. The nature of the 
pollen is such tliat wind is not an agent in pollen dispersal; 
thus, any crossing that might occur results from insect activ- 
ity. The flowers are large, conspiaious and attractive to 
insects. 

The production of seed is complicated by natural crossing 
ill areas using more than one variety. The handling of sev- 
eral strains on a breeding farm also presents a problem. 

This paper contains data on the extent of natural crossing 
occurring in Kenaf in Cuba and recommendations for the 
isolation of breeding materials and for seed increase. 

REVIEW OF LITERATURE 

The re|3orts in the literature show a wide range in the 
amount of crossing occurring in diiferent countries. These 
differences probably reflect variations in the insect popula- 
tions and in the amount of Kenaf growing in the areas with 
both factors being interrelated. 

Tamargo and Jones (4) reviewed die literature on natural 
crossing in Kenaf . The amount of crossing varied from com- 
plete self-pDilination in central Asia (3) to 3^92% in the 
variety vulgaris in Russia (5) . The amount of crossing for 
9 strains grown at Santiago de las Vegas, was determined 
by Tamargo and Jones (4) . The crossing varied from 1,79% 
in varieties Cuba 797—5 and Java lX51 to 23.76% m 
Cuba 1X88A. 

In a later investigation, Jones and Tamargo (2) reported 
that the honey bee, L., was the most impor- 

tant pollinator of Kenaf flowers. The number of flowers 
visited by the honey bee dutdng a foniging flight varied from 
11 to 41 with an average of 20. IndivMuaf Kenaf flow 
were visited by as many as 49 bees during a day with an 
average of 16.7 ± 8.7. The peak of honey bee population 
in the Kenaf field occurred between 11:30 a.m. and 2:00 
p.m. ■ 

A wasp, Campsomem tirfascmta Fabr., was observed also 
by Jones and Tamargo in the field in large numbers, how- 
ever, it visited only the nectar glands on the seed capsules 
during most of the flowering season. 

MATERIALS AND METHODS 

In 1952 and 1953, tests were conducted to determine the effect 
of distance and border rows on outcrossing from a source of for- 
eign pollen. A block consisting of 40 rows, 200 feet long with 
the rows planted 24 inches apart served as the source of geneti- 
cally marked pollen. In 1952, this block was planted to Java IX 
51 Kenaf (red plants, divided leaves) and in 1953, to Line XIII 
(green plants, divided leaves) . Small blocks consisting of 18 rows 
24 inches apart and 40 feet long were planted to Cuba 797-5 in 


Contribution from the Comision Cooperativa de Fibras, a coop- 
erative research organization of the Ministry of Agriculture of 
Cuba and the Foreign Agricultural Service of the U.S.I).A, Rec. 
for publication Jan. 20, 1955. 

“ Agronomist,^ Oklahoma Agr, Exp. Sta., formerly Agronomist 
with F.A.S. stationed in Cuba and Ingenieros Agronomos Comision 
Cooperative de Fibras, respectively. 



1952 and to Cuba 108 in 1953. Both of these varieties have 
green plants with entire leaves. Crossed seed frtmi these small 
blocks produced hybrids that were characterized by brown stems 
and divided leaves from the 1952 planting and by green stems 
with divided leaves from the 1953 planting. These sniall blocks 
were planted in September each year and isolated 0, 1, 2, 5, 15, 
25, 40, and 60 rods from the genetically marked pollen block. 
Due to the possibility of some volunteer plants, dillerent areas 
were used each year. Directions and arrangement o( tiie blocks are 
shown in hgurc 1, which also summarizes the results. 

Rows in each block were harvested individiuilly and the bulked 
seed from each row was planted for classilication. Total plants 
and the number of divided- leaf hybrids were determined and the 
percentage of crossed seeds calculated directly from these counts. 

The area around the blocks of Kenaf was kept free of weeds 
throughout the season. An apiary containing live hives of honey 
bees was located appimimately one mile from the held. 



EXPERIMENTAL RESULTS 

Table 1 contains data on the total number of plants grown 
in 1953 and 1954 from the seed harvested from the crossing 
blocks grown in 1952 and 1953, respecti\'cly. The crossing 
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Irom row to row appeared to be random. This randomness 
was also iiiustfated by Jones and Tamargo (2) in their studies 
of charting the foraging flights of honey bees in Kenaf fields. 
The percentages are iow, and border rows failed to produce 
any reduction in crossing. As a result the data are presented 
by blocks as a whole rather than on a row basis. 

The percentages of crossing varied from 0,74% in the 0 
block in 1952 to 0.02% in the blocks isolated 60 rods from 
the genetically marked pollen (table 1). The results were 
similar in 1953 with 1.00% aossing occurring in the 0 block 
and 0.14% at 60 rods. In both years the amount of crossing 
was variable from block to block. The amount of crossing 
with increasing distance became less and appeared to be nor- 
mal for the distances 0, 1, 2, 5, and 15 rods. However, the 
amount of crossing at 25 and 40 rods was greater than tliat 
obtained at two rods. 

DISCUSSION AND CONCLUSIONS 

Data presented indicate that distance.s up to 15 rods re- 
duced crossing between nearb}^ fields on a 2-year basis. The 
amount of crossing that occurred at 25 and 40 rods was 
high relative to the amount that occurred in adjoining fields. 

Since crossing from row to row .showed no reduction with 
increased row number, it suggests that border rows are not 
effective in reducing crossing. 

The varieties, Cuba 797-5 and Java lX51 that were used 
in 1952, differed in maturity by 27 days; however, their 
flowering periods overlapped by approximately 3 weeks. 
When grown in alternate rows 2 feet apart, Cuba 797-5 
showed 3.09% crossing. The strains XIII and Cuba lOS 
that were used in 1953 varied only 6 days in their maturity. 
When grown in alternate rows, Cuba 108 showed 11.07% 
crossing. 

The amount of crossing obtained in 1952 and 1953 was 
quite similar for the various distances. This was surprising 
since the varietal combinations used were known to produce 
highly different amounts of crossing when grown in alter- 
nate rows. 

The necessity for adequate isolation is obvious where 
strains being increased are genetically distinct; while the 
results of crossing are less evident, they are just as important 
where phenotypically similar strains are being grown. For 
example, all of the old established varieties of Kenaf grown 
in Cuba are susceptible to the highly destructive anthracnose 
disease, Hibhcl (1) . New varieties now being 

released are resistant to Anthracnose, but in order to maintain 
this resistance, care must be taken to prevent contamination 
of these varieties through natural cros.sing with susceptible 
types. Fortunately, hybrids show considerable vigor and often 
can be rogued in seed production fields. 

The tests reported were not extensive enough to determine 
the isolation distance required to maintain complete purity 
of different strains of Kenaf. It is doubtful such ciistances 


Table 1.— Total numbeis of plants counted and percentages 
of hybrids observed in the progeny of green, entire-leaf 
plants grown at the indicated distance,s from a field 
of divided leaf Kenaf in 1952 and 1953. 


Distance in 
rods from 

1952 

19 

53 

■ 

2-yr. 

marked 

pollen 

Total 

plants 

% 1 
hybrids 

Total 

plants 

% 

hybrids 

%: 

hybrids 


7964 

0.74 j 

2901 

1.00 

0.87 

1_ 

5700 

0.49 

2280 

0.39 

0.44 

■ 

5890 

0.09 

3383 

0,32 

0.20 

5. 

6090 

0.23 

3103 

0.16 

0.18 



6496 

0.14 

2164 

0.05 

0.09 

25 _ 

! 6109 

0.18 

3189 

0,44 

0.31 

40.._ 

7733 

0.00 

I' 2452 

! 0.57 

0.26 

60 . 

5392 

0.02 

1 2184 

! 

0,14 

0.08 


would be feasible in areas of intensive Kenaf culture. These 
re.salts can be used as a guide in establishing isolation re- 
quirements for seed production in areas wdiere crossing per- 
centages are similar to those observed in Cuba. 

Witli small increase blocks of Kenaf on a seed breeding 
farm, it would be advisable to isolate the blocks as far as 
possible from other Kexiaf. With large commercial .seed 
plantings it appears that five rods would be sufficient This 
is being suggested as a minimum requirement, and the pos- 
sibility of some hybridization is recognized. Increased size 
of field and rigorous rogiiing will reduce the overall percent- 
age of contamination in the field. 

SUMMARY 

Data are presented which show that the amount of crossing 
betW'een Kenaf fields was low but that some crossing occurred 
at distances as great as 60 rods. Border rows were ineffec- 
th^e in reducing crossing, probably due to the randomness 
with which the honey bees visited flowers in the Kenaf fields. 
It Is suggested that small increase blocks on breeding farms 
be isolated as far as possible from other Kenaf and that 
large commercial seed plantings be isolated a minimum of 
jive' rods. 
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Lolium perenne L. X Tetraploid Festuca elatior L. Triploid Hybrids 
and Colchicine Treatments for Inducing Autoallohexaploids' 


H, L. Carnahan and Helen D. Hill- 


P ERENNIAL ryegrass (LoUmn perenne 1^,) mi meadow 
fescue (Festiica elatior L.) are used as forage plants, but 
both are susceptible to crown vast (Pucdnia coronata Cda.) 
and CQttun Helminthosp spp. Perennial ryegrass 

under conditions in tlie Northeastern United Slates is palat- 
able but deficient in midsunmier production while meadow 
fescue is productive but somewhat unpalatable. Several inves- 
tigators have crossed species of these two genera in attempts 
to combine their desirable characteristics and to determine 
their taxonomic relationships. 

L, perenne and F. elatior are both normally diploid species 
(2a rr 14). During the course of the present study diploid 
hybrids were produced from crosses between normal diploid 
L, perenne and coldiicine induced tetraploid F, elatior. The 
objectives of this studf were to ascertain the pairing rela- 
tionship between chromosomes of the Lolium genome and 
those of Festuca, fFJ to obtain, information on techniques 
of inducing chromosome doubling in clonal materiai, and 
fc) to produce the autoallohexaploid derivatives of the trip- 
loid hybrids. 

REVIEW OF LITERATURE 

Swayne published a treatise ia 1790 suggesting that plants col- 
lected as Festuca loliacea might have originated as natural hybrids 
between** Festuca and Lolium (6). Peto (8) credits Gartin in 
1893 with being the first to have crossed species of Festuca with 
Ledium. Jenkin (5) described hybrids obtained from reciprocal 
crosses of L, perenne and F, elatior and concluded that they agreed 
in appearance with F. loliacea. 

peto (8) Studied the cytologj^ of experimental hybrids of L, 
perenne X F. elatior , F. elatior yC Fi ol L. perenne yi L, multh 
florum and backcross derivatives of these hybrids. Chromosomes of 
the 5 Fl hybrids showed nearly complete bivalent pairing at meta- 
phase I and a ehiasma frequency comparable to that of the par- 
ents. Four Fi plants produced no good pollen while one produced 
13% of apparently good pollen in anthers which failed to dehisce. 
He concluded that the poor pollen was due to- degeneration 
between tetrad formation and pollen maturity. 

In the backcrosses obtained by using the Fj’s as maternal par- 
ents, Peto (8) found that 0 to 92% of the pollen was appar- 
ently normal. Backcrosses to L, perenne produced about three times 
as much normal pollen as backcrosses to F. elatior regardless of 
which species was the maternal parent in the original cross. 
While most backcross progenie.s exhibited complete bivalent pair- 
ing at metaphase I, a few of the plants with least fertile pollen 
exhibited a significant frequency of univalents. 

Crowder (l) reported on several interspecific and intergeneric 
hybrids involving species of Lolium and Festuca and reviewed 
the pertinent literature. He obtained hybrids involving F, arundi- 
nacea (2n =;= 42) and diploid species of Lolium and Festuca. At 
MI in this material, extreme stickiness made interpretation difii- 

^ Contribution No. 144 of the U. S. Regional Pasture Research 
Laboratory, Field Crops Research Branch, ARS, USDA, State Col- 
lege, Pennsylvania, in cooperation with the twelve Northeastern 
States. Rec. for publication January 21, 1955. 

^Research Agronomist and Assistant Geneticist. The authors 
are indebted to Anna Storgaard and F. L. Barnett for assistance 
in the colchicine experiments, to W. M, Myers and A. A. Hanson 
for contributions during the early phases of the experiment and 
to R. J. Garber and Paul Grun for valuable suggestions during 
the preparation of the manuscript. 



cult. Chromosome pairing in the 28 chromosome hybrids ranged 
from 14 II to 2 III and 22 I. It could not be determined udrether 
the seven chromosome.^ from F. arundinacea that paired with the > 
Lolium complement 'W'ere the same as those which paired with 
the F, elatior genome, Crowder concluded that certain genomes 
of F. arundinacea have an origin common to the genomes of 
Lolium diploids and F. elatior. 

In the backcross progenies of an Fi (F. elatior \ perenne 
X L. multifiorum)} to L. perenne, Peto obtained tuie tidploid 
plant. Limited cytological observations on this plant indicated 
that 7, 57, and 36%* of the chromosomes at MI were univalents, 
bivalents, and trivalents, respectively. This plant produced 4l%* 
stainable pollen. 

Although many inve.stigatof.s: have imported on tethniques for 
doubling the chromosome numbers of gernunating seeds, there 
are few reports of techniques for chromosome doubling of clonal 
material. Hutton (4) obtained the allopolyploids of interspecific 
Phalaris hybrids by cutting back growth to 2 cm, from the 
ground and painting plants with an excess of aqueous solution 
containing 0.2%) colchicine and 0.1 %> spreader. 'Fhese treatments 
were repeated for d . successive days. About I panicle in 20 that 
developed from such plants produced 1 or 2 seeds pt»ssessing the 
doubled chromosome number. The desirability tif including un- t 
treated material in experiments designed to ineisure chromosome 
doubimg is emphasized by reports of spontuneous doubling' (4), 

Hutton obtained spontaneous doubling and noted 20G stainable 
pollen in the undoubled F.t hybrid Fhalaris tuberosj X F. minor. 
Carnahan and HilF obtained several 5 6-chromo.some open polli- 
nation progenies from an untreated plant of P. arundinacKj having 
35 chromosomes. i 

Stebbins and Vaarama (9) used a technique, described earlier 
by Stebbins, to double the chromosome number of several inter- 
generic Elymus yi, Sitanion hyhrids. Clonal divisions of Ffs were 
treated with 0.2% aqueous colchicine for 4 hours and sometime.s 
treatment was repeated on consecutive days. As a rule doubled 
sectors cvere identified by their fertility. In some genotypes as 
many as 80% of the treated tillers produced sonie seed and in 
other genotypes no seed was produced even though 30 to 40 
treated tillers were grown to maturity. This variahlt; success may 
indicate a differential clonal response. On the other luind. it is 
possible that doubling of certain hyhrid.s w.is nett accompanied 
by fertility. 

MATERIALS AND METHODS 

Induced tetraploid F. elatior clones isolated by Hill and Myers 
(2) and diploid clones of L. perenne grown in the greenhouse 
were intercrossed following hand emasculations. From several hun- 
dred pollinations, a number of shriveled seeds were obtained and 
planted on White's (10) nutrient agar. Root tips from 12 seedlings 
revealed 21 chromosomes, evidence of hybridity. Each triploid 
hybrid re.sulted from the cross L. perenne (2n9) >; F. elatior 
(4x<d). Seven parental combinations provided some diversity of 
germ plasm among the 12 Fi hybrids. 

Because these sterile triploids were unusually vigorous and leafy, 
it seemed desirable to attempt to induce fertility by doubling the J, . 

chromosome number. To accomplish this the lower ends (ifb 4 

inches) of 20 well rooted tillers {roots I/4 to 44 hich long) from 
each of the 12 hybrids w'ere immersed in beakers with aqueoms r 
colchicine solution. |., 

Five tillers of each hybrid were treated with 0.10. 0.25, 0.50 
and 1.00%^ colchicine, re.spectively, for 12 hours. IVniperature 
was maintained at 72® F. during the treatment and tillers were 

^ Carnahan, H. L., and Hill, Helen D, Chromosome distribution 
in the progenies of pehtaploid (2n er 35) reed canarygrass. Agron- | 
omy Abstracts, Annual Meeting, American Society of Agronomy. L 
p. 66. 1954. ^ " r 
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ti'ansferred to fresh water for 12 hours prior to planting. In late 
summer when plants established from these tillers had made ade- 
quate growth^ 10 tillers of each were individually potted. Two 
root tips frorn^ each of the resulting 2,400 tillers were sectioned 
and stained with crystal violet for determination of chromosome 
number. 

Heads of the tripioids just emerging from the boot were fixed 
in 3:1 alcohol-acetic acid, stored at 2“ C. and anthers smeared 
in aceto-carmifie. Mseiosis was studied on material collected in 
the field while quartet and pollen studies were made on both 
greenhouse and field grown material. 


EXPERIMENTAL RESULTS 
Description of Hybrids 

The 12 hybrids resemble each other in most respects 
but vary from medimn to dark green in color of leaves. All 
hybrids flower profusely in the held within a period of 1 
week. Difficult}^ has been experienced, however, in obtaining 
flowering in the greenhouse. Established plants in the field 
initiate growth in the spring about the same time as meadow 
fescue. Growth and leafiness of the hybrids at flowering time 
exceed both parents but vegetative characteristics resemble 
meadow fescue more closely. Growth of hybrids during dry 
midsummer periods has been excellent. Another outstanding 
feature of the hybrids is maintenance of green color late in 
the fall after heavy frost and diseases have browned other 
grasses in the nursery. Some of the hybrids have remained 
free of crown rust when infection on both parent species has 
been heavy. 

The inflorescence of hybrids is intermediate between the 
spike of Lolium and the panicle of Festuca (figure 1). Low- 
est nodes conimoniy have three to six spikelets. Spikelets 
occur singly at other nodes and are nearly sessile, progres- 
sively approaching the Lolium parent toward the apex. Spike- 
lets, however, are not appressed as in Lolium and are sub- 
tended by glumes intermediate in length between those of 
the parents. Each spikelet has from 9 to 13 florets, a larger 
number than has either parent. An occasional caryopsis is 
formed on plants not completely isolated from the parent 
species. Anthers were present in most florets of 11 of the 
hybrids. In the other hybrid only one functional anther in 
about 100, 000 iiorets was observed. 


upper part of inflorescence of tfiploid hybrid center; panicle 
oi Pesiuca ei^itiar right. 


Mr. O. L. Justice'*' has described the "seeds” produced on 
the hybrids as follows: "In general appearance the seeds 
re.semble L. perenne more than F. elatior when viewed 
macroscDpicaliy. However, one can observe, even with the 
naked eye, that the base of the hybrid seed is somewhat 
narrower than that of Lolium. Individual seeds show varia- 
tion wath respect to the distance that hairs extend down the 
keels of the palea. Most seeds resemble fescue in this respect, 
but a close examination reveals some exceptions. If we should 
test a sample of this seed without knowing anything of its 
history, probably would classify some seeds as ryegrass 
and some as meadow fescue.” 

Meiotic Behavior of Tripioids 

Chromosomes in tlie early meiotic stages showed a pro- 
nounced tendenq^ to clump which made intensive analysis 
practically impossible. The few pre-metaphase cells analyzed 
suggested that the most common association was 7^^ and 7^, 
although some trivalents were also obser\'ed (figure 2a) . 
Only one nucleolus was present in each PMC. 


^ '‘ From a letter written by O. L. Justice, Head, Testing Section, 
Seed Branch, Grain Division, AMS, Washington, D. C." 


Table 1.— Meiotic behavior of the 12 triploid hybrids. 


This plant produced only an occasional anther. 


parpnts of Pf 

Metaphase I 

Quartets 

% of full 

9 : o’ 

No. 

PMC’s 

Mean No. 
Fs per cell 

s- 

X 

No. 

examined 

Mean No, 
micronuclei 

s- 

X 

stain able, 
pollen 
grains 

Pr 1 X 

40 

2.78 

0.18 

155 

2.70 

0.11 

1.2 

Prl X Mf 2.., 

40 

2.40 

.20 

190 

3.06 

.14 

2.5 

Pr 2 X Mf 4- ^ _ - . u _ : _ _ _ _ _ , . ... . _ : . .. 

60 

3.87 

.19 

142 

0.32 

.16 

3.0 

Pr 2 X Mf 4 

52 ■ ■ ■ 

3.15 

.16 

178 

3.75 

.16 

3.2 

Pr 3 X Mf 2.:.:__...: 

■ ■■" 25 ' ■ 

4.92 

.26 

152 

3.48 

.16 

0.13 

PrS X Mf 2 

20 

3.60 

.34 

174 

4.42 

.15 

0.13 

Pr 3 X Mf 2. ^ 

36 

4.50 

.31 

118 

3.57 

.20 

0.14 

Pr3 X Mf 2 

68 

3.09 

.17 

111 

4.37 

.20 

0.20 

PrS X Mf 2 

'■..'■’51 . 

3.90 

.21 

161 

4.29 

.17 

0.20 

Pr 1 X Mf 3 

''.■■■■ 4^1 

4.76 

.16 

i : 73 

4.92 

.28 

0.07 

Pr. P .X^ Mfl*.,. 



: ■ ■ ■ ; 

0 


■ — ^ — 

i 0.00 

PrS X Mf 3 : 

..u 'V;'35:::',';; 

26 

■ ^>28,; 

; 190 

2.46 

.12 

0,00 

Total „ 

:y.^:-Cv46a.;3:;.A 
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The mean numbers of observ'ed iinivaleats per pollen 
mother cell at MI for 11 of the triploids are recortfed in 
table 1. Mean number of univalents per cell at MI for the 
11 Fj plants was 3.66. Individual F,j plants had means rang- 
ing from 2.4Q to 492 with signiikant differences among 
means. Of the 468 cells analy 2 ed, only 3 showed no unival- 
ents. It is possible that the number of univalents was under- 
estimated for some may have been clumped on the metaphase 
plate. As the tendency for the chromosomes to be sticky 
and clumped was apparent in each triploidj selection of inter- 
pretabie cells may have biased the results. Such bias, however, 
did not appear to be differential for the various hybrids. The 
univalents (ligure 2b) are presumably mainly from Lolium 
as the Festiica ciiromosomes are each represented in duplicate 
in the hybrids. Lolium chromosomes not observed as uni- 
valents were on the metaphase plate and a considerable por- 
tion of these were paired with Festuca bivalents to form 
trivalent's (figure 2c), Other associations of three chromo- 
somes may have been due to stickiness, 

Most anaphase I figures showed a variable number of 
lagging chromosomes (figure 2d and 2e), Whole and divid- 
ing univalents were observed at this stage with similar fre- 
quencies. A few bridges (figure 2f) were observed at AI 
and these may have resulted from crossing over in Fes- 
tiica chromosomes heterozygous for an inversion ot (b) cross- 
ing over between a Festuca and a Lolami chromosome with 
homologous but inverted segments. 

At telophase I most of the lagging chromosomes had been 
incorporated into the two nuclei. Although laggards and 
occasional bridges (figure 2g) were observed at second divi- 
sion, there was very little evidence of any disintegration of 
cells. Bridges at All are exceptional. They may have resulted 
from the same processes mentioned in the case of AI bridges 
with the added complication of non-disjunction at the first 



Fig. 2. — ^Mieiotic figures of triploid hybrid of Lolmm perenne L. 
(2n) X Festuca eUtior (4x) ; a, pre-iuetaphase associations 
including one ‘'frying pan’’ trivalent; h, early anaphase I, 
^ seven univalents oif the equatorial plate; o trivalents and uni- 
vaienp; d, early anaphase I, 21 chromosomes; e, anaphase 
, dividing univalents; f. anaphase I, two bridges and fragments; 

g; anaphase 11, bridge; b, quartet with microauclei; /, variable 
; pollen, ^ to ^ circa lOOOx; / ca, lOOx. 



Table 2. --Response of 12 F,’s to four concentrations of a>Ichi- 
cine applied for 12 hours. (Percent of tillm with 42 
chromosomes in one or both root tips). 


Clone 

Colchicine concentrations | 

Clone 

means’*' 

0.10 

0.25 

0.50 

1.00 

1 

28 . 

24 

14 

6 

18.0 

2 

9 

10 

2 

6 

5.0 

S.,..' 

0 

9 

9 

12 

4.0 

4 

8 

6 

10 

4 

7.0 

■ 0 . ' 

4 

6 

' 4 

■ 2 

4.0 

6 ....-- ■ 

'2 

■ 8 

4 

12 

6.5 

7 

9 

0 

0 

0 

' 0.5' 


4 ■ 

0 

4 

0 

1 2.0 

9_. : 

9 

6 

■ 2' 

2 ^ 

1 3.0 

10 1 

4 

6 

4 ' 

f 6 

5.0 

11 

10 

10 ^ 

10 

i 8 

9.5 

: 

6 

6 i 

6 

; .8 1 
! ■ ■ ; 

6 . 5 

Means for 1 

colchicine 

■ levels.. I 

■ ' ' 

6.0 

7.0 1 

■5.17 

\ 

I 

1 

5,5 



L.S.D. ftii* clone meaiia ut 0J}3 and D.Ol 2,2 and 2.S rcofi tivdy 

Clones are listed in same ordia- as in tulde 1 and 5nean> au; 200 tiUevs. 


division. Non-disjunction may occur mot'c frequently inmate- 
mi such as the present which is characterized by a. significant 
frequency of trivalents. The All bridges may also have arisen 
as a result of a double crossover in an inwrsion lielerozygote j 

involving both chromatids of the normal and one diromatid i 

of the inverted segment 

Quartets appeared normal except for the abundance of 
micronuclei. Mean number of micronudei per quartet varied ^ 
from 2.46 to 532 for different plants with a mean of 
3.85 for the 11 clones. From 0 to 11 micronuclei per quar- 
tet were obsen^ed (figure 2h). The occurrence of more than i 
seven micronudei may be attributed to division of lagging 
chromosomes and to fragments associated with bridges. 

Apparently good pollen was ascertained by counting ap- 
proximately 1,200 grains per F^, planU producLd from 
0 to 3.2% of well filled pollen grains. It is of some interest 
to note that 4 plants resulting from 2 parental combina- 
tions produced from 1.2 to 3.2(;e good pollen while none of 
the other 8 F^^'s from 5 other parental combinations produced 
more than 0,2% good pollen. The well filled pollen grains 
were of two sizes as illustrated in figure 2i. Smaller pollen 
grains may be formed when only the Festuca genome is 
represented and larger ones \vhen all 7 Lolium chromosomes 
are present with the 7 from Festuca. 

Results from Colchicine Treatments 

From each of the 2,400 tillers, two root tips were exam- 
ined for chromosome doubling with results as indicated in 
table 2, On the average, the 0.25% colchicine level resulted 
in the greatest amount of doubling (7.0%), Differences clue 
to colchicine concentrations, however, were not significant. ; 

The F value for clones was highly significant when tested ^ 

against either the general error term or the interaction, clones 
X colchicine treatments. Spontaneous doubling was not . 

observed in 200 root tips from untreated tillers of the clone ' 

showing 18% doubling after colchicine treatment. 

The interaction, clones X colchicine concentrations, was ' 
not significant, indicating that donas did not respond in a 
differential manner to the four colchicine concentrations. The 
amount of doubling in this experiment was unquestionably ’ 
higher than the observed since tw^o root tips are not an ade- 
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quate sample lor detecting mixoploidy in a given tiller. As 
leal Width differences appeared to be independent of chro- 
mosome number, this character was of no value in identi- 
fying tillers with 42 diromosomes. 

1 t'lltrs sampled, chromosome number had 

been doubled in both tips of 6l plants. Six additional root 
tips w'c-re then examined and doubling was observed in all 
SIX tips in 23f;» of the 61 plants. Tor clones remaining 
mixoploid, plants showing a high proportion of doubling 
were divided repeatedly until all tips examined showed -42 
chromosomes. Thus, autoallohexaploid derivathes of each of 
the 12 Fj clones have been obtained. 

DISCUSSION 

AH of the present triploids resulted from crossing diploid 
L. perenue 9 with hiduced tetraploid F. eLilior as the pollen 
parent, though reciprocal cro.sses were attempted. |enkin 
(. 2 ), Hertzsch (3) and Crowder (1) also reported interspe- 
cinc or intergeneric crosses among grasses to be more likely 
to succeed when the maternal parent has the lower chromo- 
some number. 

The present triploid liyhrids possess a diploid complement 
or chromosomes from F, eUtior and a haploid complement 
hojn L. perenue. Peto (8) has observed nearly complete 
bivalent miring in sterile diploid hybrids between these two 
species. Ihe C|uestion arises as to whetlier autos3mdesis mivht 
prevail m the arnphidiploid hybrid of these species. In the 
present triploiciSj where each Festuca chromosome has a 
homologous partner but the Loliuni chromosomes do not 
tnvalents at MI were fairly common. This most likely indi- 
cates some homology between Festuca and Lolium chromo- 
somes, although Myers (7) concluded that some non-liomolo- 
goiis pairing occurred in a triploid L. perenue plant. The 
present results should not be interpreted as proof that some 
aliosjmdesis will continue to prevail in derived polyploid 
hybrids in which each Lolium chromosome lias a specific 
homologue. ^ ' 

It will be oi interest to study the pairing relationships and 
lertihty^ of the aiitoallahexaploids derived "from the triploids 
exdu*biting a varying frec|uency of univalents at metaphase I. 

It variation in metaphase I univalents has any significance, 
one might expect aiitoallohexaploids derived from triploids 
with the Ifighest frecjuency of univalents to be the most stable 
Differences among triploids in frequency of univalents may 
reflect to some extent the degree to which Lolium and Festuca 
diromosomes of speciltc parental combinations differ. It will 
be noted (table 1) that both F^’s from the cross Pr I x 
Mf 2 were lower in univalents at MI than any other hybrids. 

In this respect it is of significance that only 7% of the chro- 
mosomes occurred as univalents in a triploid X 

(L. pereuue X L. multi flor urn)'] X L. perenue studied by 
Peto (8). ^ 

Seven chromosomes from Festuca plus a variable number 
from Lolium in pollen grains would not be expected to affect 
pollen development so adversely as is indicated in the trip- 
ioids. Part of this difficulty may be due to unfavorable gene 
interactions or interactions beb^'cen Lolium cytoplasm and 
genes from^ the paternal complement. Because of tri valent 
formation, it is possible that many pollen grains did not 
receive the complete fescue genome. The occurrence of two 
siiQ classes among filled pollen grains (figure 2i) may indi- 
cate that some contain the 7 chromosomes from Festuca 
while others also include the 7 from Lolium. Union of 
gametes containing both genomes would result in the produc- 
tion of the arnphidiploid. 


The significant and marked differences among clones in 
response to colchicine treatments may be due to sudi factors 
as ( a) variation in number of dividing cells during the treat- 
ment, (b) \ariatioa among genotypes in sensitivity to colchi- 
cine effects or (c) variation among genotypes in spontaneous 
rate of doubling. The latter possibility was explored bv ana- 
lyzing 200 root^ tips from untreated tillers of the F, that 
exhibited the highest rate of doubling when treated with 
colchicine. No doubled tissue was found. Stebbins and 
\ aarama (9) have also reported that certain genotypes 
doubled more readily than others. ‘‘ 

^ The 42-chiomosome autoallohexaploids derived by treat- 
ing the triploids with coldaicine are homozygous for all loci 
in the 7 pairs of Lolium chromosomes. It remains to be 
determined whether heterozygosity in possible progenies from 
inteicrosses will be accompanied by increased vigor. 

The usefulness of this inaterial is unknown. These plants 
possess several desirable forage characteristics and if fertile 
and stable may be useful as such. In any case, the fact that 
several workers have crossed diploid Lolium and diploid 
cstuca with the hexaploid, F, iiru}ul inacea suggests the pos- 
sibility of crossing the present hcxaploids with the productive 
and widely adapted but unpalatable hexaploid tali fescue. 

^ In considering all characteristics of the hybrids, one would 
conelude that the}' resemble tlie two parents more than they 
o tali meadow fescue, h. unmdhhiced. If it is true as Crowder 
(IJ has .suggested that certain genomes of F. urundbiacect 
have an origin common to the gciiome.s of LoVmm diploids 
and b. elahor. then at least one other species would appear 
to be necc.ssary 1 or the synthesis of F, ciy/indincicest. 

SUMMARY 

1. Twelve sterile but \-igorous hybrids with 21 diromo- 

somes were obtained from crossing Lol'iu/n perenne (2n r: 
UU die induced tetraploid Fcsl/ica eLilior (dX n 28) . 
The L. perenue diploid served as the maternal parent in Ldi 
cross. '■ 

2. Univ.ilents and Irivalents were observed at MI of mei- 

osis with significant differences among F,’s in frcciuency of 
univalents. There were occasional bridges at AI and All and 
numerous micronuclei in quartets. Very little good pollen 
was produced (0--3.2Gc). ‘ 

3- The .autoallohexaploids of each Iq were produced by 
treating tillers for 12 hours with aqueous colchicine. 

•4. From an examination of two root tips from each of 
2,400 tillers, no significant differences due to rates of col- 
chicine (0.10, 0.23, 0.50 and 1.00%) were noted. Highly 
significant differences were observed amomr F ’s in the 
amount of doubling. ^ 

_ 5. It i.s suggested that the present autoallohexaploids may 
tacihtate incorporation of characters from diploid Lolium and 
Festuca into hexaploid F. arundinneea. 
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Effects of Defoliation and Topping Simulating 
Hail Injury to Soybeans' 

C R. Weber= 


S IMULATED hail damage experiments are conducted pri- 
* marily to provide information ( 1 ) to ascertain ultimate 
damage to a growing crop and ( 2 ) to understand better the 
physiological processes of plant recovery. For the most part, 
past investigations were made with an attempt to imitate 
actual hail injury. Since hail causes many kinds and degrees 
of damage, considerable diffiailty has been encountered in 
translating resultant data into information useful in deter- 
mining the extent of injury. Past investigations involving 
mutilation to soybeans have indicated that the component fac- 
tors contributing to the ultimate damage should be consid- 
ered relative to both their sepjarate and combined effects at 
various stages of growAh. Certain components contributing 
to simulated hail injury on soybeans have been reported in 
research bulletins by Camery and AXTiier ^ and Kalton, cV 
These components were defoliation percentages, stand reduc- 
tions, breakages, and shattering and were inflicted at various 
stages of growth. 

This paper is supplemental to these re.search bulletins. The 
objective of this study was to examine separately and coi- 
lecfcively the effects on seed yield, other agronomic characters, 
and seed composition of soybeans attributable to defoliation 
and topping performed at different stages of growth. Litera- 
ture dealing with this subject has been cited extensively and 
reviewed in the research bulletins listed above. 


* Joint contribution from Iowa Agr. Exp. Sta., Ames, Lwa, and 
the U. S. Regional Soybean Laboratory, Urbana, III. Journal paper 
No. J-2687, low^a Agr. Exp, Sta,, Project No. 1179 and U.S.R.S.L. 
publication No, 261. This study was supported in part by a grant- 
in-aid from the Hail Insurance Adjustment and Research Associa- 
tion and 10 inutual insurance companies. Rec. for publication Jan. 
28, 1955. 

® Associate Professor of Farm Crops, Lwa Agr. Exp. Sta., and 
Agronomist, Field Crops Research Branch, A.R.S., U.S.D.A. The 
author is indebted to the staff of the U. S. Regional Soybean 
Laboratory, Urbana, III,, for the chemical analyses of the seed. 

® Camery, M. P., and Weber, C. R. Effects of certain compo- 
nents of simulated hail injury on soybeans and corn. Iowa Agr. 
Exp. Sta. Res. BuL 400. 1953. 


^ Kalton, R. R., Weber, C, R., and Eldredge, J. C. The effect 
of injury simulating hail damage to soybeans. Iowa Agr, Exp, Sta. 
Res. Bui. 359. 1949. 



■ MATEEIALS AND METHODS 

The Richland variety, because i>f its use in previous inve.stiga- 
tions on simulated hail injury, was .selected for these experiments 
conducted on the Agronomy Farm, Ames, Iowa, in 1951 and 
1952. Plots were drilled May 19 and 14, respectively, in rows 
18 feet long, .spaced 4() incbe.s apart, at a rate of approximately 
1 bushel per acre. At harvest uH plots were trimmed to 16 feet 
in length. An average stand of 7 to 8 and ID to il piafits per 
linear foot of row was obtained in 1951 and 1952, respectively. 

Plants at three different stages of growth were subjected to five 
topping percentages within three levels of defoliation (see table 1 
for description of stages and date of treatment). Thus, 45 treat- 
ments were involved, with each replicated four times. A split- 
split-plot design was employed with levels of defoliation as whole 
plots, stages of growth as sub-plots and topping percentages as 
sub-sub-plots. 

The 1951 growing sea.son was abnormally cool; this condition 
delayed growth although predpitation was above normal. The 
1952 season was normal or above in temperature and only 
slightly below normal in precipitation ; these factors hastened 
grmvth and maturity. Plots were kept weed-free. In both years, 
the plants ripened before frost and harvesting and threshing was 
completed under excellent conditions. 

Characters .stiiclied included seed yield, dale of inatiirity, 
plant height, lodging, seed weight, and seed cjuahty. Analyses 
were macie for oil and protein perceniage and for iodine 
number of the oil. 

Defoliation percentages used were: 0, 50, and 100. l"or 
50% defoliation, one-lialf the leaf tissue from each dckIc 
was removed by pinching off one .side leaflet and the terminal 
half of the center leaflet of each trifolioiate leaf. For 100% 
defoliation all veget.itivc leaf growth was removed from 
each node (figure 1 A and B). Cotyledons were not removed. 
Each node on the main stalk abo\'e the unifoliolate leaf node 
was counted as bearing a trifolioiate leaf. 

Topping was done by pulling the terminal bud and the 
first partially unrolled trifolioiate leaf from the brittle por- 
tion at the top of the plant (figure 1 C). Treatments con- 
sisted of topping 0, 25, 50, 75, or 100%> of the plants within 
the plot. 

EXPERIMENTAL RESULTS 

F^or brevity, stages of growth usually are referred to by 
the numerical stage or stages which correspond to stages used 
in previous publications. Calendar dates for stages of growth 
(table 1) were not used because planting date and seasonal 
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Fig. 1.— Plant at stage 5 illustrating procedures for: A, 50% 
defoliation; B, 100% defoliation and G, topping. 

Table 1. —Stages of growth at which defoliation and topping 
injur) was inflicted on soybeans in 1951 and 1952. 


Stages 

Date 

Average 

height 

inches 

General description of 
plant development 

growth 

1951 : 

1952 

1' 

June 18 

June 9 

4™5 

j 

First trifoliolate leaf 
completely unrolled. 
Second trifoliolate leaf 
just unrolling. 


July 3 

j 

June 23 

14-16 

Five to six trifoliolate 
leaves unrolled. Less 
than 1 percent of plants 
showing flowers. 

"75 

! July 19 

July 9 

' 22-24 

Nine to ten trifoliolate 
leaves unrolled. Full- 
bloom stage with with- 
ered flowers in lower 
leaf axils. 


environment influence the time plants reach a particular stage 
of development. 

The following results will be considered in terms of 
defoliation and topping alone and the two types of injury 
combined. 

Seed Yields 

Seed yields in percent of all checks arc shown in table 2. 
The 1952 data, in a more favorable season, supported the 
trends observed in 1951. In 1952, all injured plants recovered 
better and, consequently, there was less yield loss generally 
from defoliation and topping than in 1951. Yield recovery 


Table 2.—Mean yields expressed as a percent of all checks 
resulting from five topping percentages at three stages 
of growth each with three defoliation percentages, 
1951-1952. 



Percent 

Percent of check 

Percent defoliation 

Mean 



0 

50 

100 


Stage 1„._...,1 

0 

97.8 

101.1 

81.7 

93.5 


25 

99.7 

96.0 

79.6 

91.8 


60 

98.4 

95.4 

77.4 

90.4 


75 

89.2 

91.9 

75.8 

85.6 


100 

90,3 

90.3 

72.3 

84.3 

Mean - 

i 

! 

95.2 

94.9 

77.4 

89.2 

Stage 3 

0 

99.7 

101.1 

80.1 

93.6 


25 

98.6 

98.9 

74,2 

90.6 


50 

93.8 

89.5 

82.8 

88.7 


75 

91.9 

87.4 

80.9 

86.7 


100 

87.9 

84.4 

75-8 

82.7 

Mean„ 


94.4 

92.2 

78.8 

88.5 

Stage 5__ 

0 

102.2 

97.0 

78.2 

92.5 


25 

101.6 

94.6 

76.6 

90.9 


50 

97,8 

91.9 

71.5 

87.1 


75 . i 

97.6 

90.6 

69.1 

85.8 


100 1 

92.5 

87.4 

70.2 ' 

83.4 

Mean 


98.4 

92.2 

73.1 

87.9 

Stages 1, 3, 






and 5 com- 






bined --- 

0 

100.0 

99.7 

80.1 

93.3 


25 

100.0 

96.5 

76.9 

91,1 


50 

96.8 

92.2 

77.2 

88.7 


75 

93.0 

90.0 

75.3 

86.1 


100 

90.3 

87.4 

72.6 1 

83.4 

Mean 


96.0 

93.2 

76,4 

[ 

00 

CO 



i f 1 

Mean of all checks — 37.2 

!■ ■ ■ 




Bu./A.; 


!■ ■' ' . 


j;rom severe Injury was greater in the more favorable year 
as compared to the less hivorable year. With 50 defolia- 
tion, yield was reduced very Httie at the three stages. With 
lOOffc defoliation yield wats reduced approximately 20% at 
each stage of growth. Removal of the first 50% of foliage 
had considerably less effect on yield than the removal of 
the last 50% of foliage (see figure 3 for 0%? topping at 0, 
50, and 100% defoliation). This has been true for all pre- 
ceding tests where defoliation was involved. The decreases 
in yield from defoliation alone w^ere not very different for 
the three stages. 

Yield decreases from topping treatments were not very 
different for the 2 years. Yield decreases due to topping with 
no defoliation averaged less than 5% w^hen 25 and 50% 
topping w^as performed at all stages and slightly less than 
10% with 75 and 100% topping. These decreases in yield 
were greatest when topping w^as. done at stages 1 and 3 
and a lesser amount at stage 5. These results may be explained 
on the basis that more potential nodes and ultimate leaf 
tissue were removed by topping at stages 1 and 3 and a 
lesser amount at stage 5. Figure 2 graphically shows the 
yield responses from topping in percent of the check. The 
effects from increased topping injury were additive and 
approximated a yield decrease of 2.5% for each 25% top- 
ping inaement 
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Yield responses from topping and defoliation were suffi- 
ciently similar at each stage to permit their combination by 
stages of growth. These are shown in table 2 and figure 3- 
Reductions in yield due to topping were largely additive 
when combined with 50 and 100% defoliatiDo. The illa- 
tive yield decreases from the topping treatments w'ere gen- 
erally similar for 0, 50, and 100% defoliation. 

In the analyses of variance for yield mean differences due 
to defoliations, toppings, and years exceeded the 1% level 
of probability. Almost alU primary, secondary, and tertiary 
interactions were of little consequence from a statistical as 
well as from a practical viewpoint. This indicates that tlie 
relative yield reductions from topping and defoliation at the 
tliree stages of growth were reasonably similar in each year 
and for combined years. 

Effect On Other Agronomic Characters 

Two-year means for date of maturity, plant height, and 
seed weight for topping and defoliation at diiferent stages 
of grower are given in table 3. Although the 1951 season 
delayed maturityr and the 1952 season hastened maturity 
(difference of 17 days), the irreatments deviated about the 
same number of days from their respective checks in each 
of the years. At all stages of growth, complete defoliation 
delayed maturity considerably more than topping. With 50 
and 100% defoliation, maturity was delayed approximately 
1 and 8 days, respectively. Maturity was delayed progressively 
more for 100% defoliation at eadi of the stages 1, 3, and 
5, With 75 and 100% topping, maturity was delayed abou^^^ 
1 day. All other topping treatments had little effect on 
maturity. 

Plant height of the checks was about 3 inches shorter in 
1951 as compared to 1952. Height was reduced about 2 
inches with 50% and 6 to 7 inches with 100% defoliation. 
As topping percentages increased, height decreased; this was 
more noticeable as growth developed through stage 5. 
Plants at stage 5 recovered less height following injury than 
those at stages 1 and 3. 

Seed weight of checks in 1951 averaged about 0.6 g. per 
100 seeds less than in 1952. Seed w^eights from the various 
topping and defoliation treatments were not decreased as 
much in 1952 as they were in 1951, Seed w^eight was de- 
creased considerably more from 100% defoliation at the 3 
stages of growth than from 50% defoliation or any perGent- 
age of topping. This decrease approximated 0.8 g./tOO or 
5%, For each topping treatment, seed weight w^as not appre- 
ciably affected. 

The amount of lodging was less in 1951 than in 1952. 
No definite trends could be established for lodging with any 
degree of injury at any stages of growth. 

Seed quality, as defined by appearance, was not altered 
by defoliation or topping treatments at any stage of growth 
used in 'this study. 

Effect On Chemical Characters 

The. four replications of each treatment in each year were 
composited into a sample from which protein and oil per- 
centages and iodine number of the oil were determined. The 
2-year means for oil content and iodine number of the oil 
are given in table 4. 

Protein percentages are not presented herein as they were 
not affected appreciably by defoliation or topping treatments 
at the various stages of growth. The 2-year mean protein 
percentage for all checks was 4o.l. 
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WBBHK, BPPECT,S OP MBOB.AT.ON AND TOPPPKO S.MUPAT.NO HA.L .NJprKV TO POVPEANS 


Otl percentage was decreased very slightly by the higher 
percentages ot topping at all stages. Vhi 50% defolialion 

icr«se^o?l ‘''Tr .percentage, 100% defoliation 

decreased oil content progressively more at each of the three 
stages of grovh, .approximating 1% at stage 5. 

Iodine- number of tlie oil wpis increased slightly by toppiim 
treatments. With 50% defoliation, iodine nruie? S 

defoliation 

ludinc number increased about 2.0 points with most of the 
incre.ise occurring at stage 5. ' ruse or tnc 

DISCUSSION 

Meets of topping and _ defoliation treatments both singly 
and combined were studied at relatively early stages of 
powrh. These stages ot growtla have more recLry poten- 
tial than later st.iges. The efferts of topping and defo ia ion 

..sues m the a.sses.sment ot injury by hail adjustors usually 
rc.suU.s liom small losses. Where corapari.sons could be mad i 

reyoUed. A notable exception was at stage 3 with 100% 
detohation alone ccliidi yielded 78% of the check in tli'is 
study and about 64% of check in the cited reports. This 

"Camery and Weber. Op, ch, ' 

'VKuIton et a!,, op,' chi 


may be explained by the more Tavorable growing season in 
U52 as compared to other years. Yield recovery from injury 

was greater m the more favorable year. ^ ^ 

finfT™ reported by Camery and Weber- was de- 

hned as follows: bach plant to be broken was bent com- 
pletely over at one-half the plant height with a lirm pressure 
Sk ^ bending”. Yield reductions llitiZ 

were apparent without defoliation but 
tlieu effects were less apparent w'itlr 50% defoliation and 
almost completely obscured by 100% defoliation. In contrast 
to stem breakage, yield reductions from topping treatments 

“ '“I"™ f'O"' » 

It is hypothesized that if topping had been applied to later 

““ “<1 1»»«. >*U Xioa w„u 

have become progressively less. All nodes of a soybean plant 

ThearS by .^tage 7 (beginning of pod formadon). 

hen my iemo\'a.l oi nodes by topj^in^ at later stafi-es of 
growth would be direct as contrasted with the potentiaf node 

usuyiy bear more untitled pods with smaller seeds than 

nodes lurther down on the stalk. nan 

On a given variety the height of pods from the ground 
cvel IS a lunction ot plant height. Then, injury reducing 
plant he ight m early stages of growth may cause greatef 

^ Op ch. . . 




Topping - 


Maturity'^ 
% defoliation 
50 I 


Height (in.) 


Seed wt. (g./lOO) 


Stage 1_ 


Mean.. - 
Stage 


Mean., , 
Stage 5_„, 


Mean, .. . 


Stages 1, 3 amd 5 
combined 


Mean 

Mean of all cheeks 


* Matnnty expressed }n (-) days earlier and (-)-) days later than mean for all eheehs . Sept. 26. 


n 

c 

j 

'{t defoliation 

% defoliation 

100 

0 

50 

100 

0 

50 

100 

+ 5 
+ 6 
+ 6 
+ 7 
-f 8 

83 

88 

82 

82 

82 

82 

82 

31 

82 

31 

27 

26 

25 

25: ■ 
24 

18.0 

17.5 

18.0 

18.0 

18.4 

18.4 
18.0 
17.6 

17.5 
18.2 

17.8 
17.0 

16.9 
17.2 
17.0 

+ 6 

32 

32 

25. 

18.0 

17,9 

17.2 

+ 7 
d- 7 
“b 8 

4" 8 
+ 8 

32 

82 

81 

30 

1 ■ 28 . 

82 

32 

80 

29 

28 

! 

, 25 ■ ^ : 

, 24 ■ 

' : 25 ■ 

. '24 ■ 

24 

17.6 

17.8 

17.4 

17.8 

18.1 

18.0 

17.7 

17.6 
18.2 

17.7 

16.8 

17.5 

17.4 

17.7 

17.0 

+ 8 

30 

30 

25 

17. 8- 

17.8 

17.3 

+ 9 
“i* 9 
+ 10 
+ 10 
+ 10 

82 

81 

28 

25 

21 

i 30 

28 

26 

24 

21 

24 

24 

22 

22 

19 

17.8 

18.5 

18.0 

18.0 

17.0 

. 17.6 
17.0 
17.8 
17.6 
17.0 

16.0 

16.5 

16.8 

16.8 

17.2 

+ 10 

27 

26 

22 

17.9 

17.5 

16.7 

+ 7 

^ 7 
+ 8 
+ 8 
+ 9 

88 

82 

80 

29 

27 

81 

31 

29 

28 

27 

26 

25 

24 

23 

22 

17.8 

17.9 
17.8 
18.0 
17.8 

18.0 

17.7 
17.6 

17.8 
17.6 

16.9 

17.0 

17.0 
17.2 

17.1 

+ 8 

30 

29 

24 

17.9 

17.8 

17.0 


88 



17.8 
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combine losses following 100% topping and defoliation than 
on uninjured plants. 

SUMMARY 

1 . Two widely different types of in] ury were infl icted on 
replicated soybean field plots at three stages of plant develop- 
ment in each of tw^o years. Defoliation percentages of 0, 50, 
and 100 were applied in all possible combinations with top- 
ping percentages of 0, 25, 50, 75, and 100 at each of 3 
stages of growth up to full bloom. The objective \vas to 
make a critical eYaliiation of defoliation and topping injuriesS 
as measured by tlieir separate and combined effects on seed 
yield and other agronomic and chemical attributes. 

2, Yield reductions due to defoliation and topping treat- 
ments w^ere relatively small at these stages of growth. Tlie 
effects from topping alone w^ere additive as well as wdaen 


combined with defoliation. With 10G% topping, yield was 
reduced less than 10%>, whereas 100% defoliation alone 
gave 20% yield reduction. 

3. Maturity date, plant height, and seed weight were 
affected considerably more by high defoliation percentages 
than high topping percentages. Degree of lodging and seed 
quality, as measured by appearance, were not affected by 
either defoliation or topping iiijiiries. 

4. Protein percentage was not alfered by tlie treatments. 
Oil content weis decreased by increased defoliation but it was 
not appredably altered by topping treatments. lodiiu- num- 
ber of the oil \vas increased meuxv by defoliation by top- 
ping injuries. Where cc^mparisons could be made the effects 
of defoliation were in general agreement with previous 
studies. 



The Vapor-Pressure Of Relative Humidity Approach to 
Moisture-Testing for Safe Farm-Storage of Harvested Crops" 

S. T. Dexter- 



I N MANY regions of the world, the vast majority of 
farm products are dried and stored on the farms where 
they are produced. Millions of tons of hay and billions of 
bushels of grain are involved. 

The determination of the proper degree of drying to 
permit safe storage has been more of an art than a science, 
and the techniques learned have been passed on from one 
generation of farmers to the next. Hay is twisted, sSmelled, 
rattled, or scratched with the Engernail, w^hile grain may be 
bitten or chewed to estimate moisture content and the prob- 
ability of safe storage. Many efforts have been made over 
the years to devise simple, more reliable methods to esti- 
mate die storability of produce on the farm and hundreds 
of papers (1) might be cited of studies concerning stor- 
ability. In general, the moisture percentage in the sample 
has been related to the spoilage in storage. However, it 
was soon learned, for example, that flax seed at 13% mois- 
ture was much too wet for storage, while white beans at 
the same moisture were considerably drier than was neces- 
sary. Hay might be stored as loose, long hay at 23% mois- 
ture, but if allowed to pack without '’mowing away” it 
would heat and mold. Chopped hay might keep without 
molding everywhere except where it had been tramped 
upon. Moisture contents required for safe storage ranged 
widely, depending upon the nature of the material or the 
storage conditions. 

As more scientific studies of the problem continued, it 
became evident that moisture content, as such, was not the 
determining factor. Studies of storage in closed containei's 
with air at various relative humidities showed that molding 
occurred at more or less constant relative humidities of the 
air surrounding the particles of grain or hay. Tlie air in 
the bin between beans at 16% moisture may be as damp 
(75% R.H.) as the air between flaxseeds at 10%, wheat 
at 14% or alfalfa hay at 16% . Thus, Milner and Geddes 
(1, p. 163) in reviewing the literature remark: "It is now 
quite generally agreed that the so-called critical moisture 
level for any individual species is the percentage at which 
the seed is in equilibriLim with an atmospheric humidity 
of about 75% 

In view of these facts, a moisture testing system or a 
farm storage practice based on relative humidity of the 
interstitial air rather than on percentage moisture seems 
sensible. 

REVIEW OF LITERATURE 

In some cases the methods described for farm testing the 
storability of crops give a percentage moisture value (5, 6, 


^ Michigan Agf . Exp. Station, East Lansing, Mich. Journal 
Article No. 1716. Received for publication Jan. 28, 1955. 

“Professor of Farm Crops, Michigan State College. 

^ 'Dr. G. W. Isaacs, Purdue University, unpublished. 


7, 12, 14) w'hile in other cases, they give an estimate of 
storability that is related to the relative humidity built up 
in the air surrounding the sample (4, 7, 11) or some other 
storage characteristics (8, 17). Isaacs^' has prepared a bibli- 
ography listing about 500 papers dealing with moisture 
testing, and his list is far from complete. The moisture con- 
tents of various farm crops in equilibrium with the air at 
various relative humidities may be found in numerous pub- 
lications (1, 2, .9, 15). It is clearly shown that the "equi- 
librium” works in both directions. If the stored material 
reaches a moisture content of 14%) wlien stored in air with 
75%; R.H., so also does air reach a relative humidity of 
75% if stored in a closed container w4th the material when 
it is at 14% moisture. 

Numerous studies (1, Chap. 3; 13) have attacked the 
problem of storage from another angle, namely the growth 
requirements, in terms of relative humidity of air, of vari- 
ous specific molds. There is a great difference between 
molds in this regard; but below a relative humidity of 
about 75%, there is little or no growth. If a sample is not 
able to bring the surrounding air up to a relative humidity 
of 75%, little molding occurs, regardless of the percentage 
moisture in the sample. 

It has been showm that all samples of a given crop— such 
as winter wheat or spring wdieat— are by no means identical 
in protein or mineral content. In the same way, these sam- 
ples are not identical in the moisture content at which they 
will mold, nor wdll they produce the same relative humidity 
at any given moisture content (13). The same is true for 
various hays (9). 

It Is difficult to establish that the tendency to mold is 
wholly due to the relative humidity of the air, at any given 
temperature (3). Certain materiais seem remarkably w^ell 
adapted to mold growth (1, 9) . Furthermore, it has fre- 
quently been observed that dead or dying seeds are attacked 
more readily by saprophytes than are fully viable ones (1, 
Chap. 3, 4). It is so difficult to maintain a reasonably con- 
stant relative humidity in all parts of a container, because 
of the effects of temperature and respiration, that the ques- 
tion is somewhat academic. For most practical purposes, an 
accurate estimate df relative humidity seems the best single 
criterion of safe storage available. 

In ordinary farm storage, recognition and utili2ation of 
this principle is a relkble basis of sound practice. Air with 
high relative humidity, no matter wdiat the cause, in pro- 
longed contact with farm produce can reliably be expected 
to produce molding and heating in any hay or grain be- 
tween the temperatures of about 50^^ F. and 120° F. Below’ 
30° F., molding will be greatly delayed, while 130° F. (1, 
Chap. 3) is given as fully lethal for most molds. Many 
bacteria are active at higher temperatures, but require air 
with a relative humidity of 95% or more for growth (1, 
Chap. 3). 
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EXPERIMENTAl PROGEDURE AND RESULTS 
Experiment No. 1 

Ex[>eriment 1 was intended pnma ri I y to determine the rate ai' 
drying of long hay in an ordinary mow. First cutting, long, mixed 
alfalfa^smooth bromegrass hay, with a moisture content between 
20% and 25% according to analyses of samples for each load, was 
rapidly placed in a mow 18 by 40 feet to a depth of about 14 feet 
in a wood-frame basement barn. There were large cracks between 
the boards on the barn walls. During the 10-day period of storage, 
there was no rain. Thermometers were buried in the hay in an 
attempt to detect diRerentia! heating. Otlier samples were chopped 
and stored, tightly packed, in steel drums. 

When the hay was removed after 10 days of storage, the 
moisture content was found to be between 12% and 15%. 
There was no evidenc:e of either heating or molding. The 
drying rate, between 0.5% and 1.0% per day, obviously 
required a considerable movement of air through the hay. 
The chopped hays, tightly packed in steel drums molded 
perceptibly when the moisture content was as high as 19%) 
or higher. Samples at 25% moisture molded badly Avhen 
stored in steel drums. 

Experiment No. 2 

Experiment 2 was run to investigate the rate of establishment of 
equilibriiun between the moisture in the air and in hay in a closed 
container. 

Freshly cut alfalfa was cut into pieces 1 inch long and spread 
on the laboratbiy table to dry. At intervals, a sample Avas taken 
for testing and placed in a stoppered gallon jar, in which were 
mounted two thermometers. One thermometer served as the dry- 
bulb-thermometer, while the other was a wet-bulb, moistened with 
saturated salt (NaCl) solution (7). The sample w^as allowed 5 
minutes to reach equilibrium, after which it was shaken for 1 
minute and the thermometers were read. Table 1 shows the results. 

It is plain from the table that the samples of hay did not 
reach an appproximate equilibrium with the surrounding 
air in the course of a few minutes, or even within 3 hours, 


Table 1.— -Thermometer readings and percent dry matter of 
alfalfa samples dried in the laboratory. 


Time 

Dry bulb 

'“C. ... 

Wet bulb 
(Sat. 
NaCl) 

V' ^C. ■ : 

T.,-T,v 

°G. 

Percent- 
age dry 
matter 

V ■ 'i 

2:30 p.m. 

27.4 

30,1 i 

:-2.7- ■ 

31.8 

3:30 

26.3 

■ '28.8. 

■ -2.5 ^ 

:-34.2 ■■ 

4:30 

26.6 

29.1 

■■■ -2.6 ■ : 

35,0 

7:00 ; 

26*9 

! 29,2 

: , -2.3. . 

39.6 

10:30 

26.8 

f 29.0 

■ 2.2'.'.i 

44.5 

9:30 a.m. 

' 27.3 

29,4 

i - 2,1 ■ 

50,8 

11:30 

27.7 

":"':'29.2 /; 


58.5 

2:30 p.m. 

28.6 

29.2 

! -0.6 

70.0 

2:30 

29.6 

30.2 

-0.6 

70.0=*' 

5:00 p.m. 

28.7 

28,4 

0.3 

76.3 

5:30 

28,1 

26.7 

1.4 

75.8 

8:30 

28.2 

28.3 

-0.1 

75. 8f 

10:00 p.m. 

28.4 

26.3 

2,1 

90.1 


Stored in airtight cans for several days to come to equilibrium: 



27.6 

29.0 


74. 4t 


26.9 


-0.8 

77. 4t 


■27.4:^-':- 

28,0 

-0.6 

79. 2t 


* This sample was rolled and crushed in the hands and then re-run, shaking 
for 3 minutes. 

. tXhis sample was held in the sealed bottle from 5:30 to 8:30 and then 
. re-run. 

; . t Sample were not moldy hut had silage-like smell. 





Fig. 1.-— A sample of wiieat was continuously heated by mechanical 
stirring in a tight metal container. The two curves sliow tiie 
dry-bulb and the wet-bulb temperature of the atmospliere above 
the grain. From Isaac.s. 

since alfalfa hay with 25% moisture content will maintain 
an equilibrium relative humidity of approximately 85 to 
87% rather than about 75% as the table mig hi: .suggest. 
The amount of dry surface exposed to the air, with hay, i.s 
so much greater than the area of wet surface that this might 
be expected. Yet, in a matter of 5 minutes, the relative 
humidity of the surrounding air was built up in the case 
of samples with about 75 %s dry matter, to about 7.5 %* rela- 
tive humidity, whereas such samples on long storage would 
give relative humidities at equilibriuni of 85 to 87%'- (9). 
In the 'salt test” (4) as applied in the field, damp salt can 
plainly be seen sticking to the damp oxt ends of hay that is 
dry enough to store, although the salt ais a whole is not 
damp. 

Experiment No. 3 

Experiment 3 was run to investigate the rate of establishment 
of equilibrium behveen samples of grain and air in a closed con- 
tainer, and to test the difference between wet-and-dry-bulb reading.^ 
as a function of temperature. Hundreds of sample.s were rim Avith 
various grains, by shaking a sample of about 300 to 4t)0 g. in an 
insulated quart bottle with a stopper through which two thca- 
mometers were inserted (7), 

In order to get a slowly rising temperature, an experiment orig- 
inally run by Isaacs (unpublished) was repeated. A sample of 
wheat was placed in the metal container of a ’'Master Moisture 
Meter’% and stirred continuously with a motor driven device for 
10 minutes. The rise in temperature reported by Isaacs wa.s about 
1® F. per minute. Isaac’s curve is shown in figure 1. 

From the curve it will be observed that tlie temperature 
difference between the bulbs w^as slightly ovxt 1 “ F. at the 
maximum difference — at 2 minutes and 73 to 74'\ and that 
it decreased to a difference of about 0.8^^ F, when the dry 
bulb temperature reached 83 to 84 F. This is precisely 
what the theory of equilibrium moisture calls for, since the 
sample at 83"^ F. has the vapor pressure of a sample about 
0.5 or 0.6% higher in moisture content at the 10° F. lower 
temperature (10). His results suggest that the grain sample 
was essentially in equilibrium with the surrounding air at 
all times, even though the temperature was changing con- 
tinuously, In earlier trials, the same slight tendency was 
shown, (7) when samples were run at various room storage 
temperatures. Table 2 shows the results of the experiineot 
that attempted to duplicate Isaac’s results. 

Although^ the tendency toward a decrease in difference 
with a rise in temperature was very small, the last reading 

^ Once, manufactured by the C. H, Baldwin Co., Lansing, Mich, 
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Table 2. — Wet and dry bulb temperature readings when wheat 
was stirred violently in a closed container. 


Minute.'- 


Dry bulb 

C. 


SO sec 

27.3" 

1 min - _ 

27.7 

1:30 

27. S 

2 min. „ 

2B.3 

3 min - „ . _ 

28. 8 

4 min . 

29.4 

5 min.™ 

30.0 

6 min 

30.4 

7 min. 

30.8 

S min._ 

31.3 

9 min 

31.5 

10 min 

31.4 


Wet bulb 
(Sat. NaCD 

C. 


Difference 

(Ta-Tu.) 

C. 


^75.7% 


r75.8% 


’ L(‘ft 1 uiinute without stining aivi then briefly. 

may gi\’e a reason. The energy from the vigorous stirring 
was absorbed by the grain, which was heated almost 0.5''^ C 
per minute. In turn, the grain heated the air. There was 
ine\‘itably a slight lag in this heating, which got larger as 
the temperature rose, because of the decided cooling of the 
uninsulated metal container by the outside air. In the orig- 
inal description of this method of moisture determination it 
was specified that the container be insulated from the out- 
side air, and from other unavoidable disturbing factors, 
and a well-insulated milk bottle was used as the container, 
and shaken by liand, thus avoiding such a notable and 
objectionable change in dry-bulb temperature. In any case, 
the t-wo examples indicate the rapidity with which apparent 
ecjiiilibrium is established. After several hours in the tight 
container, the same reading was obtained on the grain as 
after 2 minutes of stirring. The differences due to ordinary 
room temperature variations are small, amounting to not 
more than 0.3 moisture, and usually less. 

When, because of excess surface drying, it is necessary 
to grind a sample, considerable dust accumulates on the wet 
bulb ( 7). Tsaacs^’ states that this may be completely avoided 
by using a double rubber bulb to pass air through the 
sample and over the thermometers, much as was done by 
Gaiis (11) in testing cotton bales. 

DISCUSSION 

Se\eral methods liave been described which utilize the 
\'apor pressure concept in testing for safe storage of farm 
crops. 

The 'salt test” (4) makes use of the fact that saturated 
solutions of various materials, including common salt, have 
specific constant relative vapor pressures, and that, in the 
case of salt, this is very near to 75% R.H. over a large 
range of temperature. Thus, dry salt takes up w^ater to form 
a saturated solution when the air is more moist than this, 
and the salt becomes sticky. Similarly, a saturated salt solu- 
tion will not evaporate unless the relative humidity of the 
surrounding air is lower than 75%. Obviously, such a solu- 
tion on the bulb of a thermometer will indicate, by cooling, 
when evaporation takes place. This is the principle of the 
"modified wet-and-dry-bulb thermometer” test (7) for 
storability. This principle has repeatedly been used in other 
ways, 

^ Op. cit. 


^75.8% 


5f^5.4% 

(O 

q \ _J ! 1 

10 ZO 30 40 

TEMPERATURE, Degrees Centigrade 

Fig. 2.- — The curves show the saturated vapor pressure of water 
and of a saturated solution of sodium chloride over the tempera- 
ture range of 10 to 40®C, (Int. Crit. Tables, McGraw) and the 
ratios of the two at intervals. 

In any of these cases, estimation of the relative humidity 
built up by the product in question gives an accurate insight 
into the storage behaviour of the farm product, quickly, 
inexpensively, and without weighing a sample. 

Figure 2 shows the vapor pressure curves for water and 
for a saturated solution of common salt.*" The figures given 
at the various temperatures on the NaCl curve are the j"atios 
of the vapor pressures, or the relative vapor pressure (rela- 
tive humidity) of the air over the salt solution. Supposing 
the dry-bulb reading to be 20*^ C. and the wet bulb (NaCl) 
reading 18° C. as located by the X on each curve. The 
curves show that these w^ould correspond to vapor pressures 
or approximately 11.5 mm. and 17-4 mm. or a relative 
humidity of 11.5/17.4 or 66%, which is somewhat drier 
than is necessary for safe storage. In general, if the wet 
bulb (NaCl) is 1° C. colder than the dry bulb, the sample 
should store without trouble — usually about 71% R-H. 
Milner and Geddes (T) consider 74% R.H. or less, suffi- 
ciently dry for ordinary storage of dry grain. 

It is necessary to keep in mind, however, that there are 
various conditions of storage. In general, storage conditions 
can be divided into three rough categories. 1. Storage in 
tight bins or tightly packed bales involves an atmospheric 
condition 'in which the moisture in the produce is essentially 
in equilibrium with tlie moisture in the interstitial air. 
2. Storage in mows or stacks, in which there is a moderate 
circulation of air, and where equilibrimn is never quite 
reached. 3. Storage in open cribs, where circulation of air 
is great, and moisture interchange from product to air and 
the reverse is comparatively unhindered. As was indicated 

” International Critical Tables. McGraw. 
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in experiment 3, the development of essentially compiete 
moisture equilibrium can be rapid, and in such a case, a 
potentially dangerous relative humidity can quickly be 
reached in the absence of ventilation. In testing such cases 
for moisture, this must be kept in mind . 

Experiments 1 and 2, however, explain the seeming dis- 
crepancy in the use of the salt test for hay. Hay came to 
equilibrium with air in a closed container relatively slowly; 
in a mow, it lost water comparatively rapidly. Similar hay 
samples stored in a container that prevented air exchange 
molded. In the case of hay stored in the mow, the move- 
ment of air replaced the humid air on the surface of the 
stems of hay with drier air and thus prevented the estab- 
lishment of a relative humidity high enough to support 
mold growth. In the case of the similar hay stored in drums, 
air exchange was negligible, and the relative humidity^ was 
able to build up to the full equilibrium value, which was 
high enough to support mold growth. 

In testing such samples on the farm for moisture content 
and safe storage, such facts should not be ignored. For 
example, it is a common observation among farmers that 
the moisture inside the stem of hay rarely causes as much 
trouble in storage as the dampness on the outside. Damp- 
ness on the outside of hay that is comparatively low in mois- 
ture has been shown in laboratory experiments to be taken 
up by the hay with astonishing slowness, in comparison 
with wheat dr beans. Such moisture on the surface of hay 
would exert almost the full vapor pressure of free water, 
and would produce relative humidities approaching 100%. 

SUMMARY 

The theory of testing crops for .safe storage by means of 
the relative humidity approach was discussed and examples 
were given to show under what conditions the full vapor 
pressure of the sample was actively functional in producing 
a detrimentaTrelative humidity. 

Experimentalstudies showed that: 

1. Long loose hay lost from 0.5 to 1.0% moisture per 
day in the iirst 10 days of storage in a mow during hot dry 
weather, and did not mold, while similar hay stored in 
tight CDiitainers molded severely; 

2. Air in a closed container Avith hay reached a maximum 
relative humidity only after several hours of storage, 
whereas ■ ■ 


3. Air in a closed container with wheat reached a maxi- 
mum relative humidity quickly. 

The pertinence of these findings to storage and testing 
problems is pointed out. 
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Effect of Wide Spaced Corn Rows on Corn Yields 
and Eorage Establishment' 


F. W. Schalier and W. E. Larson- 


T he possibility of establishing forage crops in 'wide- 
row" corn has created considerable interest in Iowa. 
Some farmers see such a practice as a way to eliminate the 
relatively low-profit oat crop and still get grass-legmne 
crops seeded for hay or pasture. Others see a possibility of 
using this practice to establish cover crops and thereby grow 
corn more frequently in the rotation. The cover crop would 
help prevent erosion and also provide extra organic matter 
to plow under. 

Studies with corn planted in wide spaced rows have not 
been conducted in Iowa prior to the work presented in this 
report. However, some earlier work has a relationship to 
this technique. For example, forages were seeded as cover 
crops in normal 40- or 42 -inch corn rows in many different 
locations in the state during a 15-year period.^* Results 
showed that successful stands were obtained in less than 
3 out of 5 years. In many of the years when stands were 
good, the amount of growth was \ety limited and provided 
little in the way of erosion protection or green manure. 

Some row spacing studies with corn (X, 2) have been 
conducted in Iowa. However, the widest spacings were only 
42 inches. The results showed that small yield Increases 
were obtained from rows closer than normal, but that in 
general 40- or 42-inch rows were about right for efficient 
corn production. 

Reports from other states on "wide-row" corn studies are 
also very limited. Stringfield and Thatcher (4) have re- 
ported work in Ohio. They showed that under good fertility 
and seasonal conditions corn yields held up well even when 
corn rows were widened from 40 to 80 inches. They also 
obtained successful stands of wheat, ryegrass, and alfalfa in 
coni ix>ws 60 to 80 inches apart 

The studies here reported were conducted to test, under 
Iowa conditions, the feasibility of establishing forage crops 
in corn planted in wide rows and to determine the effect 
of row widths on corn yields. 

METHODS 
1952 Experiments 

Preliminary "wkle-row"’ corn plantings were made in 1952 at 
Castana on Ida silt loam soil and at Independence on a Carrington 
soil. Plots were large and were randomized and replicated 4 times. 
The soil was well fertilized according to soil tests. At both loca- 
tions the treatments consisted of corn grown in rows spaced alter- 
nately 40 and 80 inches and corn grown in normal 4()-inch rows. 
The planting rate for com was adjusted to give the same planting 
rate per acre in each row system. 

'Corn was cultivated 3 times, and forages were seeded in all 
plots with a narrow grain drill the first 10 days in July. The inter- 
planting included a number of forages, and they are li.sted with 

^ The Iowa Agr. Exp. Sta., Ames, Iowa, and the Soil and Water 
Conservation Branch, A.R.S., U.S.'D.A., cooperating. Journal Paper 
No. J-2690, Project No. 787, of the Iowa Agr. Exp. Sta. Received 
for publication Feb. 4, 1955. 

“Extension Agronomist, Iowa State College, and Soil Scientist, 
Eastern Section of Soil and Water Management. 

“ Unpublished results of the Iowa Agr. Exp. Sta. 


the experimental results (table 2). Corn yields were obtained from 
each plot, and observations on the forage seedings were made 
several times during the summer and fall. 


1953 Experiments 

Studies were expanded in 19513, and were conducted at a num- 
ber of locations. The test plots varied in size but were at least 20 
feet wide and 80 feet long. A randomized block design with four 
replications was used. The corn row widths used in each experi- 
ment and the forage interplantings are given with the experimental 
results (tables 1 and 2). 

Ail plots in 1953 were located on silt loam soils .and fertilized 
sufficiently to produce high corn yields. Row fertilizer and nitrogen 
side-dressing were used on all plots at equal rates per acre. In 
addition to row fertilizer, 400 pounds per acre of 10-^10-10 was 
plowed down on the low fertility soil at Independence. 

The corn was planted with a corn planter equipped with small 
furrow openers at Independence and Beaconsfield, with a lister 
planter at Castana and Shenandoah, and with a conventional corn 
planter at Mtarcus. In all cases the planter was set to plant about 
16,000 seeds per acre in both 40-inch rows and alternate 40- and 
80-inch rows. In the 80-inch rows, 12,000 seeds per acre was the 
planting rate. 

At all locations the corn was rotary hoed once and cultivated 
twice. The forage seedings were made just after the last cultivation 
which was about June 25, The seed was machine-broadcast and 
then lightly covered in the S-inch spaces by rolling, harrowing, or 
by towing a 1 / 2 -inch log chain behind the seeder. No covering was 
accomplished in the 40-inch rows. 

At most locations a mower was used to clip weeds in the wide 
spaced rows in August or early September. 


1954 Experiments 


Three experiments were conducted during 1954 to compare corn 
yields and forage interplantings in variable spaced corn rows. 
Corn row spacing, date of forage seeding, and forage mixture are 
given with experimental results (tables l and 2) i 

At Beaconsfield and Inclepjendence the corn was planted ^\4th a 
planter equipped with small furrow openers. A conventional planter 
was used at Seymour. The planters were set to plant about 16,000 
kernels in 40-inch rows and 12,0()() in the 80-inch rows. In all 
cases heavy rates of complete fertilizer were applied to insure high 
corn yields and successful forage establishment. The corn was 
rotary hoed and cultivated 3 times at all locations. 

The forage seed was applied through the "grass seed” attach- 
ment of a grain drill. After seeding, the soil was rolled in the 
wide .Spaced rows and was packed with the tractor wheels in the 
4()-inch rows. Forage observations \vere made and corn yields were 
obtained as in the other years. 

An additional experiment was conducted at Independence in 
1954 to compare dates of seeding forages in SO-inch row spaced 
corn. The corn for this test was drilled, using small furrow open- 
ers, at a rate of about 12,000 kernels per acre. The corn was ade- 
quately fertilized to give high yields, and an additional 100 pounds 
per acre of 0“20-20 was drilled in 7-inch bunds about I inch deep 
over the entire soil surface at corn planting time. It w^as thought 
that this would give adequate fertilization for the forage seeding. 
A meadow mixture was then seeded at 3 dates, namely, (1) at 
corn planting time, (2)> after the first cultivation, and (3) after 
the third cultivation. The exact treatments are given with the 
experimental results (table 5). 

A mixture of red clover-alfalfa-timotby was seeded on all plots. 
In addition, winter rye was al.so planted on the plots seeded at 
corn planting time in the hope it would help control w^eeds. This 
plot was mowed 3 times during the season, and the plots planted 
at the 2 later planting dates were niOAved twice. Corn and forage 
observations and corn yields were obtained as in other years. 
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Table 1. — Effect of row spacing on yield of corn in Iowa. 


Experiment location 

Yield (bu. per acre) 

Stand 

' (plants per acre i 

Row width (in.) 

Row width (In.) 

40 

80 

40-80-40 

40 

„ . 

80 

40-80-40 




1952 



IndependencG..- 

78.3 

— 

67.4 

11,209 


9.562 

Castana 

128.0 

— — 

110.3 

15,094 


15,398 

Mean c’,. 

98.2 

■ 

88.8 

13.156 


12,480 




1953 



Independence U ^ ™ „ ,4 : 

103.5 

71.3 

— 

13.980 

8.685; 


Independence , 

90.7 

70.3 

S2.8 

15.736 

9,066 

12,524 

Marcus ._■ 

122,5 

97.2 

95.0 

16,077 

12.312 

10,817 

Beaconsfield _ „ . _ . „ 

76.1 

66,6 



15,069 

10,199 


Shenandoah, 

88.7 

67.1 



11.896 

8,154 


Castana. , , _ ■ 

82.7 

65.7 

83.2 

12,325 

11.618 

11,971 

■ Mean ■ 

94.0 

■ 73.0 ■ , 

' 

14,180 

10,006 i 

— — 

L.S.D . (0.0 1 ) for comparing means . „ 


12.6 ! 



1 ' 

1 ■ ■ , 




1954 



Independence - _ ( . .. , „ . - : 

114.6 

80.2 

: , 

12,480 

8.67S i 

I 

Seymour* .. - : . _ „ . ; _ : .. „ 

9.7 

37.3 ’ 

— - 

12,496 

10.835 

i ... 

Beaeonsfield t - ~ ^ - - - - - - - - - ~ ~ - - ^ ^ 

31.5 

40,2 

34. Ot 

15,621 

11,454 

1 13. 384 t 


^ An extreme dronght in Jidy and eaiiy August limited coni yields at these locations. See Table 2 for the moisture deueits. 
t Corn planted, in 60-mch spaced rows. 


EXPERIMENTAL RESULTS 
Row Widths and Cora Yields 

Corn yields and plant populations as influenced by fow^ 
widths during 1932, 1953, and 1954 are given in table 1. 
At Gastana in 1952 under excellent growing conditions, 
corn yields averaged 123 bushels per acre in normal 40-incii 
rows and liO bushels per acre in alternate 40- and 804nch 
rows. At Independence in 1952 rainfall was deficient, and 
yields were lower than at Castana. The yields averaged 73 
and 67 bushels per acre, respectively, for the 40-inch and 
alternate 40- and 80-inch spaced rows. The decrease in 
corn yield caused by widening the rows was 10.5% at 
Castana and 9%: at Independence. 

In 1953, corn yields were generally good at all 6 loca- 
tions, averaging 94 bushels per acre in 40-inch rows and 
73 bushels per acre in 80-inch rows. The yields v^aried con- 
siderably between different locations, but this would be 
expected because of wide variation in soils as well as differ- 
ences in weather. 

When comparing the 1953 corn yields in normal and 
80-inch row plantings, it is shown that widening the rows 
decreased yields an average of 22%'. The decreases ranged 
from 12 to 31% for the different locations. However, in 
4 of the 6 locations, the range varied from only 20 to 25%. 

Corn was also grown in alternate 40- and 80-inch rows 
at Independence, Marcus, and Castana. This spacing, when 
compared to 40-inch rows, resulted in a yield decrease of 
9% at Independence and 22% at Marcus. There was no 
yield decrease at Castana. 

Corn stands varied considerably in 1953 at the different 
locations even though actual planting rates were about the 
same. 4n some of the tests, yields might have been higher 
with increased stands. However, at most locations stands 
were adequate for good corn yields in the different row 
spacings. 


Three experiments were conducted in 1954. At Inde- 
pendence yields were 1T4 and BO bushels per acre, respec- 
tively, for the 40-inch and the 80-inch spaced rows. At the 
other two locations corn yields were actually greater in the 
80-inch than in the 404nch spaced row^s. A severe drought 
limited growth at these two locations, and presumably the 
greater yields were due to lower plant populations in the 
80-inch row^s. 


Row Widths and Forage Results 

The effect of corn row widths on forage establishment is 
shown in table 2 for all experiments conducted in 1952, 
1953, and 1954. The information reported in this table in- 
cludes seeding mixtures, seeding dates, notes on emergence 
and Stand, and rainfall data for all test locations. 

At Castana in 1952, rainfall was favorable and good 
stands and growth of most of the interplanted crops were 
obtained. Best stands and growth were made by alfalfa, 
sweetciover, and the mixture of rye and hairy vetch. Wheat 
seedings were largely killed by rust by mid -August, 

Interpiantings at Independence in 1952 were fair to good 
even though rainfall was much less favorable than at 
Castana. Amount of growth, however, was limited. Alfalfa, 
sweetciover, red clover, and hairy vetch were all successful. 
Rye and wheat were seriously infected with rust and w^ere 
about gone by mid- August. 

At both Castana and Independence, interpiantings made 
much better growth in 80-inch spaces than in normal 40- 
inch row plantings. Where 40-inch row^s were flanked by 
80-inch rows (alternate 40-80-inch plantings), growth was 
no better in the 40-inch .spaces than in the normal spaced 
corn. 

The 1952 plantings were not held over to 1953, and 
consequently no forage yields were obtained. 
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Table 2. Effect of corn row widths on the emergence and stand of forage seedings. 


Experiment locc'ition 


Independence.. 


Castana.. .. 


Independence I . . 
Independence II,. 

Marcus 

Beaconstield 

Shenandoah 

Castana.. , 


Seeding mixture 


Meadow Emergence 
seeding (all corn 
date row 

widths) 


Stand of seeding on Nov. 1 
Row width (in.) 


- Wheat; foxtail; rye- vetch; 
sweetclover; aifalfa™brome~ 

pass-timothy „ _ „ July 9, 10 

Wheat; foxtail; rye- vetch; 
sweetclover; alfalfa-brome- 
grass-timothy „ _ _ July 3 


Alfalfa-red clover-timothy June 26 

Alfaifa-red clover-timothy June 26 

Alfalfa-red clover j . July 8 

Alfalfa-red clover-timothy _ _ July 8 

Alf alfa-bromegrass June 23 

Alfalfa-bromegrass , . _ „ : _ July 2 


1953 

excellent 

good'^ 

fair 

none 

fairf 

none 


Rainfall as 
departure 
from 

normal for 
July-Sept, 




Independence . 
Beaconstield , . 

Seymour 


Alfalfa-red do ver-ti m othy . 
Alfaifa-red elover-timothv . 


Alfalfa-red clover-timothy . 


June 24 
June 22 & 
Sept. 17 
June 23 & 
Aug. 18 


"On April stamp averaufd 7.3, U..vami 9.(i plants per square foot, respectively, for 40-inch, SO-inch and alternate 4O-80-inch row.‘i 
t (.)ct. 1 statuP aveniKfd (). 7 plants per square foot. 


In 1953 seedling emergence was good at every location, 
and satisfactory stands were present in the wide row plant- 
ings by mid-July. Then dry weather began to take its toll. 
By Oct. 1 the stands at Castana and Beaconsfieid were com- 
plete faiiure.s. The stands were fair at Marcus but too spotty 
to leave for hay or pastufe. Stands were fair to good at 
Shenandoah and excellent at Independence. 

Soil moisture appeared to be the main factor in the suc- 
cess or failure of the forage stands seeded in wide row corn. 
The excellent growth and stand at Independence in 1953 
was largely the result of over 6 inches of rain in July plus 
2 inches of rain in early August. At most of the other loca- 
tions rainfall wqis considerably less in July and August. 
The fall months were the driest for many years at ail 
locations. 

In April 1954 .stand counts were made of the forage 
interpiantings established at Independence the previous 
year. The stands in plants per square foot for all row 
widths are shown in table 3. It should be noted that sepa- 
rate stand counts were made for the area between corn rows 
and for an area directly over the corn rows. This was done 
since it was evident that forage plants were very sparse 
directly over each corn row. From a large number of meas- 
urements it was found that this area averaged about 14 
inches wldt and was about the same width in both the 40- 
and 80-inch row spaces. 

The data in table 3 show that the total number of alfalfa, 
red clover, and timothy plants between corn rows was about 
twice as great in the 8()-inch spaces as in the 40-inch .spaces. 
It is also evident that the stands in the 40-inch spaces were 
not improved by alternating with SO-inch spaces. The total 
number d[ alfalfa, red clover, and timothy plants per square 
toot averaged 8.7 in 40-inch rows uniformly spaced and 
8,4 in 40-inch rows planted alternately 40 and 80 inches. 
For the 80-inch rows the stands averaged 15.2 and l6.5, 


Table 3. — Eifect of corn row width on meadow stands seeded 
in corn at Independence, Iowa, in 1953. 


Meadow stands on April 28 
plants per square foot 

^ 

Alfalfa 

: Red 
clover 

Tim- 

othy 

1 Total 

Between corn rows 

40^ : 1 5.4 1 0.8 1 

: 2.5 ! 

8.7 

80 10.2 

2.4 

1 .. ^2.6 1 

15.2 

Alternate 40-80 


1 ■ . ■ 


40. 5.4 

0.6 

2.4 

8.4 

80_- 9.6 

2.6 

4.3 ^ 

16.5 

Over corn rows ( 

1 ■ ( ■ ■ , ^ 

14 in. wide) 


All widths.- ^ - j 3 .3 

0.3 

1.0 

1 4.6 


respectively, for the uniform and alternate planting sys* 
terns. In the 14-inch strip directly over the rows of corn the 
stands averaged 4,6 plants per square foot. 

Hay yields and an estimate of w’^eeds in the hay were 
obtained from the interpiantings made in 1953 at Inde- 
pendence. The results are shown in table 4, As might be 
expected from the stand counts previously presented, hay 
yields were highest in the 80-inch spaces and lowest in the 
40-inch spaces. Hay yields averaged 0.92, 1.75, and 1.37 
tons per acre, respectively, for 40- 80- and alternate 40-80- 
inch rows. 

In general, the hay yields were all lower than would 
normally be expected from the stands present and the kind 
of season which prevailed. The low yields are believed to 
be due primarily to low soil fertility. Soil tests made on 
samples collected after the second cutting showed that both 
phosphorus and potassium were low to very low* Even 
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though liberal amounts of complete fertilizer were applied 
to the corn crop, the carry-over apparently was not sufficient 
for good hay yields. 

From the data in table 4 it is evident that the amount of 
weeds in the hay was quite high, esf)ecially in the 4{)-inch 
plantings. Field observations showed that in the 40-inch 
plantings weeds were well scattered throughout the rela- 
tively sparse stand, whereas in the 80-inch rows weeds were 
confined almost entirely to the area previously occupied by 
the corn plants. 

Corn Yields and Forage Stands As Affected by Forage 

Seeding, Date, and Number of Corn Cultivations 

The efiece of 3 dates of forage seeding on corn yields 
and forage stands is shown in table 5. It is evident from 
these data that corn yields were markedly influenced by the 
date of forage seeding or by the number of corn cultiva- 
tions. For example, 27.7, 59.5, and 79.4 bushels per acre 
were produced, depending on whether the forage was 
seeded on May 12, June 10, or June 24, respectively. 

The reduced yield of corn caused by the earliest dates of 
seeding was undoubtedly due to a number of factors. Of 
these, lack of sufficient moisture and nitrogen appeared to 
have contributed the most. The treatment seeded at corn 
pianting time was not cultivated. Weeds and the rye grew 
profusely during May and early June and caused corn 
growth to be limited from the start. This occurred even 
though weeds and rye between the rows were mowed when 
they reached a height of about 6 inches. Nitrogen defi- 
cienqy symptoms were very evident on the corn despite the 
early application of 115 pounds of N per acre. 

The 20-bu:shel per acre reduction in corn yield on the 
treatment seeded after the first cultivation on June 10, as 
compared to the June 24 seeding, was probably largely due 
to lack of moisture during an extremely dry July and early 
August. While weed growth did not appear too severe, it 
probably reduced the available moisture consideriibly. Nitro- 
gen did not seem to be limiting on this treatment. 

Satisfactory forage stands were obtained with all treat- 
ments. The best stand was secured on the treatments wffiere 
the forage was planted at corn planting^^d Also, con- 
siderably better stands over the corn row were obtained by 
earlier seeded treatments. 

The amount of forage growth by fall \vas markedly 
greater on the treatments seeded at corn planting time than 


Table 4. — Yields of alfalfa-red t lover-timothy hay obtained 
in 1954 from stands established in corn at 
IndepeiKknce, Iowa, in 1955. 


j 

Hay yield* 

Weeds t 

Corn row width (in.) I 

tons per 

in hay 


acre 

% 

40.:^.. . 

80 : - 

40-80.-^.. 

0.92 

1.75 : 
'1.87 I 

55 

18 

40 

L.S.D. (0.05)—. 

L.S.D. (0.01).-. 

1 ' 0.48 ' 

i 0.68 

i 



Estiinatefl 

t rutai yield from two cuiiiny;s. 


from the other treatments. Growth was also somewhat 
better on the plots seeded June 10 than on those seeded 
June 24. 

■ DISCUSSION 

It is quite apparent from the data presented that very 
profitable yields of corn can be grown in rows spaced as 
wide as 80 inches. On soils of good fertility it appears that 
at least 75 to HOG as much corn can be expected from 
80- inch rows as from normal 40-inch row plantings. 

To obtain good yields in wide spaced rows, it is evident 
that adequate plant populations must be maintained. The 
studies presented in this report indicate that plant popula- 
tions per acre in 8()-inch rows should not drop more than 
25 G below that considered best for 40-inch rows. In gen- 
eral, experiments in Iowa (3) indicate that about 16,000 
plants per acre are desirable in 40-inch rows at medium to 
high fertility levels. Studies are not sufficient to determine 
optimum plant populations in 80-inch rows. Howe\'er, data 
in this paper suggest that populations should be at least 
12,000 plants per acre for 8b-inch rows at medium to high 
fertility levels. 

Three years of study under a wade range of soil and 
weather conditions have shown that forage seed logs in 
corn are much more successful in wide spaced ci)rn rows 
than in nonnai spaced row^s. Uniform wide row spacing 
was considerably more successful than the system of alter- 
nate normal and wide spaced rows. 
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Fig. 1. “Com in 80«inch rows and stand of interplanted forage 

obtained from seeding made on June 26, 1955. Picture was 
taken Aug. 5, 1933 at Independence, Iowa. 


Fig. 2.— Stands of aifaifa-red clover-timothy in early June 1934 
which were established in corn from seeclings made during June 
of the preceding year. On the left are stands from 80-inch corn 
rows and on the right from 40rinch row.';. 


Studies in Iowa have not been conducted to determine 
the best row width to use for obtaining optimuni corn 
yields and forage stands. It is obvious, however, that as row 
widths are widened, chances of forage success are increased, 
but corn yields tend to decrease. Further study is necessary 
to determine the proper width to give as much corn as pos- 
sible, yet allow satisfactory establishment of forage inter- 
plantings. Present studies have indicated that SO-inch rows 
are about the minimum width wdiich will allows passage 
and working room for a small farm tractor between the 
rows. This has been especially important in the seeding 
operation and to permit clipping of weeds. It also makes 
it possible to prepare a seedbed and make fall seedings in 
fully grown corn. 


Too few trials are yet assailable to predict exactly how 
often forage seedings in corn will be successful. Howe\^er, 
It is evident that chances of favorable results are not as 
good as in oats since seedings in corn must be made later, 
and there is more competition from the nurse crop. Rain- 
fall, particularly during July and August, appears to be the 
most critical hictor determining success or failure. 

The best time to make seedings in corn is not definitely 
known, but chances of success appear best when seedings 
are made as early as possible in June. A good practice 
would be to plant the corn as early as the season will allow, 
then make two cultivations and get the forages seeded by 
June 20. AX^hen seedings are made by this time, there is 
usually moisture in the soil and further rains can be ex- 
pected. This will allow the plants to get established and 
sufliciently rooted to withstand less favorable weather dur- 
ing mid-summer. TTere is also a possibility of making fall 
seedings for establishing hay or pasture. However, prelimi- 
nary studies with fail seedings have not been successful 
during the past 3 years because of unusually dry fall 
weather."' 

Obserwuions made in this study have indicated that best 
forage stands were obtained when seedings were made on 
smooth, firm seedbeds. In most of the tests forage seeds 
were broadcast after the last corn cultivation. A corn culti- 
vator leaves the ground loose and quite rough. When a 
harrow or corrugated roller was used in the wide rows to 
smooth and firm the seedbed before seeding and to cover 
the .seeds after broadcasting, stands were better and espe- 
cially more uniform. 


Weed control was generally a greater problem in wide 
rows than in normal spaced rows. The control of weeds in 
the corn rovs’s was improved by using furrow openers when 
planting rlie corn. With the corn plants in the bottom of 
shallow furrows, it was possible during cultivation to cover 
weeds at the base of the corn plants without leaving ridges. 
The normal practice of ridging corn for weed control 
should be avoided when hay crops are being established since 
rough ground will interfere with haying machinery. Many 
weeds frequently developed in wide rows after the corn 
was “laid by.” One or two clippings were necessary to 
retard such weed growth. 


SUMMARY 


Twelve experiments were conducted over a 3-year period 
to test the feasibility of establishing forage crops in corn 
planted in rows wider than normal and to determine the 
effect of row width on corn yields. 

Data show that good yields of corn were produced in 
rows spaced as wide as 80 inches. In these studies 75 to 
80% as much corn was grown in 80- inch rows as in 40- 
inch spaced rows. 

To obtain good corn yields in wide rows, adequate plant 
populations per acre were necessary. It was indicated that 
plant populations per acre in 80 -inch rows should not drop 
more than 25% below that considered best for 4D-inch 
rows.: 

Establishment of forages in wide spaced corn rows dur- 
ing late June or early July met with fair success in 1952, 
1953, and 1954. Rainfall was usually the most important 
factor determining the success or failure of forage seedings 
at the different locations. 

It was evident that widening the corn row spacing greatly 
improved both the stand and growth of the interplanted 
crop. Uniform wide row spacing resulted in better stands 
and more growth than the system of alternate normal and 
wide spaced rows. 
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A study of forage seeding dates showed that best results 
were obtained by seeding in early June when soil moisture 
and rainfall are more favorable. However, it was indicated 
that early forage .seeding may result in reduced corn yields 
since the number of corn cultivations is reduced and weed 
competition may be serious. Fall seeding of forages in corn 
may have possibilities, but results so far have not been 
successful. 
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The Genetics of Yield Differences Associated With Awn Barbing 
in the Barley Hybrid (Lion x Atlas'") x Atlas' 


E. H. Everson and C W, Schaller- 


I N A PREVIOUS paper, Suneson eV dl. (12) described 
an association of semi-smooth awns and high yield in a 
backcross progeny involving the transfer of a small seg- 
ment of chromosome V from Lion to Atlas barley. Such 
associations which combine quantitative characters (yield) 
with qualitative characters (awn barbing) are ver)^ valuable 
to the plant breeder. They provide a positive means for 
selection of desirable quantitative characters which are diffi- 
cult to follow in a breeding program. However, an under- 
standing of the genetic basis of such association.s is funda- 
mental for their greatest utilization. The occurrence of this 
a.ssociation in a population derived by back-crossing pro- 
vided ideal material for a genetic study of yield. After nine 
backcrosses and subsequent selling, lines were available 
which were essentially liamogeneoiis with the recurrent 
parent Atlas for all chromosomes except for portions of 
chromosome V between and adjacent to the genes condi- 
tioning awn barbing (Rrj and rachilla hair length (Ss), 
Agronomica lly the derived lines and Atlas were practically 
indistinguishable. 

This discussion i.s concerned wdth a genetic .study of yield 
factors located on a segnieiit of chromosome V using the 
and Yr genes as markers. 

LITERATURE REVIEW 

Numerous investigators, listed by Robertson et dl, (9) 
have reported F^, data which satisfactorily Et a monofac- 
torial ratio of 3 rough-to 1 smooth-awn. The symbol (Rrj 
has been assigned to this gene. Two dominant genes, R for 
rough awns (complete barbing) and for semi-smooth 
awns (partial barbing), resulting in an Fo ratio of 12 
rough, 3 semi-smooth, and 1 smooth were reported by 
Griffee (4) and Johnston and Aamodt (6). R was epistatic 
to R^, It is with the Rr gene that this study deals. 

A number of investigators (9) have found long-haired 
rachilla to be dominant to short-haired rachilla and differ- 

^'Contribution from the Agronomy Division, University of Cali- 
fornia, Davis, Calif,, and the Field Crops Research Branch, A>'R.S., 
U.S.p.A. Part of a thesis submitted in partial satisfaction of the 
requirements for the Fh.D. degree by the senior author. Received 
for publication Feb. 10, 1955. 

' .^Agronomist, Field Crops Research Branch, A.R.S., U.S.D.A. 
; . ; and Asst. Professor, Univ. of 'Calif., respectively. Grateful acknowi- 
. . ; ' ' edgnient is made to C. A. Suneson who provided the material. 


entiated by a single gene pair. The symbi>i /.V.G ha.s bexa 
assigned to this gene. 

The major gene for awn barbing (Rr) and the gene lor 
rachilla hair length (Ss) have been placed in the rilth link- 
age group with crossover values ranging from 2(^.'5 to 
42.7 (r by Daane (3), Hor (5), and Wexelsen (13). 
Daane, Hor, and Robertson, et dl, established coinciding 
crossover values of 34(2' in the repulsion phase, Suneson 
et dl. (12) reported a cros.sover value of 3tU/-. This gives 
evidence tliat substantially the same Rr-Ss segment is 
involved in the present work. 

Investigating the components of yield in cereals (tilier 
number or heads per unit area, kernel number, and kernel 
weight), Barbacki (1) reported two cumulative genes for 
tillering and two or three cumulative genes for kernel 
weight. Lejune (7) found kernel weight in barley governed 
by two or three genes, while Boyce (2) found kerned 
wciglit in wheat conditioned by one, two, and three genes 
in three different crosses. An association in whe.ii: between 
purple .straw, controlled by a single gene, and high kernel 
weight, a quantitative character, was reported !*ecenll}’ by 
Middleton and Herbert ( 8). 

MATERIALS A.ND METHODS 

Yhe materials used in this study originated in a backcocss pro- 
gram described by Suneson e/ al, (12). The genetics tht^ yield 
differences associated with the awn barbing allele in diromostune 
V w-as studied in the hybrid (Lion X Atlas’”) X Atlas. 

Calif. 130v^, the composite of semi-smooth awned and long- 
haired rachilla derivatives (rrSS) of the Lion X Atlas’” backcruss. 
was crossed with Atlas (C.I. 4118), which possessed rough-a^^'ns 
and short-haired rachilias (RRss). A number of homoxygous lx 
, . , RS Rs rS . rs 

plants ot the genotypes and ~ were isidated and 

increa.sed for yield testing (table 1), The recombination types 
would result from the union of two crossover gametes, if crossing 
over occurred at random within the RrSs segment, the point of 
crossing over in each gamete would not necessarily be the same. 

RS rd ' * ' 

A number of and -jf^Fn plant families (table 1) were isolated 

■ ■ yj; ■ 

from. Fa plants of the genotype coupling phase heterozygotes). 

RS rs 

The^ Or ^ lines from a single Fa plant family would be formed 

by gametes with identical points of crossing over, but the point of 
crossing over would differ betv.'een Fa plant families. 
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Theoix-tical ii,-.siiinptioiis regiirding Iiamnzygosity of backcrossed 
populations and tiicir similarity to thdr prototype varieties were 
discussed hy ScJiailer (iO). Simeson (H) presented an extensive 
evaluation of nine hackcross-derived wheats which emphasised the 
high degree of similarity between recurrent parent varieties and 
their progenies produced from live or more backcrosses. On the 
basis of tile theory and data presented in the above-mentioned 
papers, it can be assumed that any measurable differences between 
the backcfoss derived lines in yield or other plant characteristics 
can be attributed to that segment (or segments) of chromosome V 
which remained intact during the transfer of the (r) and (S) 
alleles from Lion to Atlas. 

Jn this study the yield test was used as a genetic tool to study 
the inheritance of the yield factor or factors' associated with the 
awned barbing and rachilla hair length characters. In 1951-52 the 
lines with the same homozygous genotj^pes for awned barbing and 
rachilla hair length and the same generation of origin were yield 
tested together. The v.iriety Atlas was included as "a check in all 
tests. In 1952-53. lines which differed significantly in yield from 
the mean yield.s of the derived populations in the 1951”5'2 tests 
were tested for yield with several lines which had had yields near 
the mean of the piipulation. Again Atlas was included in each 
replication as a check. All the yield tests in this study utilized a 
completely randomized block design. The tests in 1951-52 con- 
sisted of 2 planting dates (Dec. 15, 1951, and Feb, lU, 1952) with 
15 replications each, whereas the test in 1953 consisted of a single 
November planting date consisting of 10 replications. Since all 
the lines were es.sentially homozygous in respect to plant type and 
growth, single plots were used. Yield measurements were 
based on 16 feet at each plot and the result.s were analyzed using 
the analysis of variance. 


RESULTS AND DISCUSSION 

Since liigh yield was shown (12) to be associated with 

the allele frj for awn barbing, most of the — lines should 

rs 

RS 

be more productive than the lines. Reversals would 

Kj 

indicate crossing over had occurred between the gene for 
awned barbing and a gene or genes for yield. This evidence 
would eliminate pieiotropic action and indicate that the 
gene or genes responsible for the increased yield were 

located witliin the — segment. No yidd differences among 

the individual — lines or among the individual lines 
rs ^ RS 

would suggest pieiotTopy, tight linkage, or that the gene or 
genes for increased yield were located outside of the rS 
segment. 

fS 

Analyzing the yields of the S — plant families, the 

between line mean square was significant at the 1% level, 
thus suggesting a high probability of true yield differences 
between lines. This would result from crossing over within 
the segment. 

A scatter diagram of the mean yields of the lines 

and the Atlas check for this test is presented in figure 1. 
The mean yields of tw^o lines were significantly lower at 
the 1 % level than the mean of the population, Whereas the 
mean yields of three lines were significantly higher at the 
5% level, one of which w^as significant at the 1% level. 
This significant difference in yield between lines indicated 
that all lines did not possess the same factors for yield. 
The low yielding lines fell within the population limits of 
Atlas and probably lacked the allele or alleles for high 
yield. These lines would result from crossing over between 
the Rr locus and the locus or loci conditioning yield and 
would carry the same yield factors as Atlas. These results 


Table i. — Genotypes isolated from the rrSS (Calif. 1306 — high 
yielding) X RRss (Atlas — lower yielding) cross 
for yield testing. 


Source 

Genera- 

tion 

geno- 

type 

formed 

Awn ■ 
Baii>- 

ing 

Rachilla 

hair 

length 

Number 

of 

lines 


rS ^ ' 

Fo 

RR 

6‘S 

12 

Non-crossover 

rS ^ ' 

■ ! 

'Fn ! 

■ 

■ rr ' 

1 

ss 

12 

Non-croasover 

rS 

■ 1 

F2 

RR 

88 

0 

Crossiw^ei- 

rS 

F. 

rr 

.ss 

8 

Crossover 


Fs 

UR 
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provided evidence that the association was broken, suggest- 
ing this association was due to linked factors and not 
pleiotcopy. 

When the yield data of the 1-7 ^ IL plant families 


ff 

(from — F.^, plants) were analyzed, the between line mean 

square was found to be highly significant. As in the pre- 
vious test, it is highly probable that there w^as a real differ- 
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Fig, 1, — Meaa yields of 8 — Fa plant families in the Ec generation. 
Planting date, Dec. 15, 1951. 
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Mcon Yield in Gram* 


Table 2.— Yields of selected lines in 1953. 


^ oo 



■'749.00 

1 


737.00 

II 


734.67 

10 

5V. 




720.00 

2 

“ 

703.67 

4 


693.33 

9 


652,67 

12 


642.33 

5 

it flf » (drived F, !((»•#_.: 

625.33 


0 

624.06 

16 


612.00 

8 


609.67 

1% 


572.00 

13 

_ 

571.67 1 

15 


565.00 

7 



5% 

5% 




500,33 

3 

1% 




472.33 

Atlas II 


470.33 

6 


450,00 

17 



S% ■ , 


‘I’.'' , , I'-’’ . 

Fig. 2.— Mean yields of 17 “ F;i families (from ^ plants) m the 

generation. Planting date, Dec. 1% 1951. 

ence in yield between lines, which could result only from 
recombination within the segnient 


;*.!• 


A scatter diagram of the mean yields of the 17 lines 

and the Atlas check is presented in figure 2. The mean yield 

of the — population was higher than the mean yield of 

Atlas, which would be expected, since high yield is asso-* 
ciated with the ;r locus. At the upper levels of yield, the 
meansi of three lines differed from the general mean of the 
population at the 5 % level of significance. At tiie lower 
yield levels, the means of three lines differed from the 
general mean of the population at the 5% level of signifi- 
cance, two of which differed from the generaU mean at the 
1% level The three low yielding lines fell within the 'pop- 
ulation limits of Atlas and probably lacked the allele or 
alleles for high yield. Thes lines would result from cross- 
ing over between the Rr locus and the locus or lod con- 
ditioning yield and would have the same yield factors as 
Atlas. These results support the previous evidence that 
crossing over had occurred. 

Six of these lines were retested in 1933. The varieties 
Atlas and Calif. 1362 (C.I. 9534) included as checks. 
Calif. 1362 is a composite of smooth -awmed, short-haired 
rachiila derivatives from the cross Lion X Atlas^^’ in which 
the yield-awn barbing association was first noted (12). It 
was included as the standard for measuring the yield re- 
sponse of this association. The results are presented in 
table 2. The yield of Atlas and lines 6 and 17 were approx- 
imately equal and were significantly lower than Calif. 1362. 
This confirmed the previous results which indicated that 
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crossing-over had occurred between the r aileic and the 
factor or factors for hi uh yield. 

* RS 

The analysis of the 5 py families showed that the 

between line mean square was not signifiaint. None of 
these lines had mean yields which differed significantly 
from the mean yield of the population or the mean yield 
of Atlas. 

In the analysis of variance of the yield of the 1 1 — - F.. 

plant families (from -^ plants) the between line mean 

square was significant at the Iff level. The mean vields of 

RS . .. ■* 

three ot the — lines had exceeded the popularion mean at 

the 5 9F level of significance, one at the 1% level (see 

figure 3). The mean yield of the y™ population approxi- 
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mated the mean yield of Atlas since low yield was associ- 
ated with the R alieic* The low yielding line could be either 
a segregate of low yield genes from the (Lion X Atlas^^') 
X Atlas cross or a chance deviation. The two high yielding 
lines niviy represent recombinations in which the rough 
awned character was associated with high yield. 

The three lines were retested in 1933 (table 2). The 
mean yield of line 8 was comparable with that of Calif. 
1362 and signiiicantly higher than Atlas. Thus it can be 
assumed that a recombination between rough awns and 
high yield had occurred. The low line in 1932 was slightly 
higher than Atlas, indicating the difference in 1932 was 
due to a chance deviation. Line 3 was intermediate between 
the two checks and further testing is needed to determine 
w’liethcr or not ic represents a recombination between the 
loci under discussion. 

The recombinations which were identified in this and 
the preceding tests demonstrated that linkage rather than 
pleiotropy accijunted for the association of the awn- barbing 
and yield. Fuilhermore, these tests liave indicated that the 
linked factor or factors governing the yield increase are 
probabh’ located heiw ecn the Rr and Ss loci. 

Assuming no crossing oxer between the Rr and Ss loci 
as shown by the retention of the pvirental genotypes (dis- 
regarding diuihle crossing over, which would be extremely 
rare) it is ptrssilde that cros.stners miglit occur just outside 
the segment. Differences in yield between lines of the 
parental genotypes would suggest a dilferencc in tlie 
genetic cvucstitution oi the chromosome regions continguous 


to the segment in chromosome V, No diiferences in 


jRi' rS 

yield between individual — or lines would indicate that 
“ Rs rS 


the gene or genes for increased yield were located between 
the Rr and Ss loci, 

R\' 

An analysis of x arian^e of the yield data of the 1,2 


lines showed that the lines in this test did not differ sig- 
niiicantly in yielding ability. All lines fell within the popu- 
lation limits of tile general mean. The mean of the 12.-^ 


l'\ lines was ^31.0 g. compared with the mean yield of 
Atlas which was 3 30,33 g. 


When the yield data of the 12 lines were analyzed, 


there was no ex'idence that the lines were from different 
populations. All of the 12 lines fell within the population 
limits of the general mean. 

These results supported data of the previous tests and 
further established that the factor or factors for increased 
yield were linked with the Rr locus and located between the 
Rr and Ss loci. 

In the present analysis no positive decision could be made 
as to whether the increased yield w^as controlled by a single 
gene of large effect or a block of linked determinants each 
of .smaller effect, which produced the larger difference when 
acting together. This determination requires further study, 

A most interesting aspect of this study was that of the 
genetic-environmental interaction. Plantings in December 
accounted for yield increases of 14 to 52% over that of 
Atlas, This increase may be due at least partially to a higher 
degree of cold tolerance possessed by the semi-smooth 
awned strains as suggested by Suneson et al, (12). When 


the yield tests were planted in February, the gene or genes 
for increased yield expressed themselves w^eakly or not at 
all. It is possible that the factor or factors affect Characters 
such as tillering, kernel number, or kernel weight w^hich 
End maximum expression under a long growing season 
with optimum environmental conditions. When late 
planted, the plant has a shorter growTh period with more 
rapid early development so that it cannot produce the extra 
tillers, kernels, or kernel weight. Further studies on this 
phase of the problem are in progress. 


The value of the study in practical plant breeding re- 
quires no lengthy discussion. Since the yield factor is linked 
with a readily identifiable character, it can be easily fol- 
lou'cd in a breeding program. The retention of this asso- 
ciation of semi-.smooth awns and high yield after 9 back- 
crosses where the recurrent parent (Atlas) was rough 
awned, indicates the importance of linkage. It points out 
the caution that must lienceforth be exercised by breeders 
who select for predetermined types vvhen their effect on 
productivity and quality are not known. It demonstrates 
that backcross derived varieties (especially those of species 
with low chromosome numbers) sJiould probably be tested 
before they are released, for in other cases the linkage may 
be untavorable. Tiie widespread use of this linkage in 
breeding programs to increase yield will depend on the 

heterogeneity of the germ plasm between parents in the 

segment and the effect of other environments on the expres- 
sion of the yieid factor. 


SUMMARY 


This paper deals with the genetic study of an association 
of semi-smooth awns and high yield previously reported by 
Suneson ef al, (12 ) . With early plantings, the yieid increase 
varied from 14 to 52%^ of the yield of Atlas, whereas with 
late plantings there w^as no noticeahie increase. 


Linked iactors rather than pleiotropic action of the semi- 
smooth gene (r) itself accounted for this association. The 
gene or genes conditioning the yield increase were found to 
be located between the Rr and Ss loci of chromosome V, 
closely linked with theRr alleles. 
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Notes 


A COMPARISON OF GREENHOUSE AND 
FIELD INOCULATION OF LADING 
GLOVER WITH Sclerotima trifoliormn^ 

I N A recent paper, Hanson et nlr describe greenhouse 
inoculation technique.s used to isolate Ladino clover 
plants resistant to Sclerothm trifoliormn Wikss.. In these 
greenhouse studies, seedlings and cuttings were grown in 
Hats and inocniiated with liberal quantities of dried grain 
inoculum,^ when the plants had developed four or five 
fully expanded leaves. The inoculatecl plants were placed in 
a moist chamber maintained at 15 to 20J" G, and readings 
were taken over a 7 to 1 4 day period. Significant differences 
in survival were found among strains and clones. The in- 
oculation of seedling progenies from crosses among clones 
arbitrarily classified as ' 'res istant’ ’ and ' 'suscept ible’ ’ on the 
basis of survival among vegetative progenies, .showed that 
certain plants were capable of transmitting a reasonably 
high degree of resistance to their progenies. 

A selected group of single cross progenies evaluated in 
the greenhouse were planted in the field, and inoculated 
with S. triforiorum, ( a) to determine whether or not the 
level of resisStance established in greenhouse tests would be 
of economic significance under field conditions, and (b) to 
compare greenhouse and field response. The greenhouse 
ratings (percentage of healthy .survivors) for the progenies 
included in the field experiment were as follows: 24 re- 
sistant X resistant progenies, 24.3^t'; 22 resistant X sus- 
ceptible progenies, 15.3%; and 29 susceptible X suscep- 
tible progenies, 11.0%. 

The 75 single cross progenies were planted in 5 by 10 
foot plots in a complete block experiment with 4 replica- 
tions. Each replication contained five plots of a commercial 
Ladino clover check. The seed was scarified, planted m 
vermicuiite and subsequently transplanted to flats. Each flat 
containing 50 seedlings, corresponded to one field plot. The 
plants were set out in the late spring of 1952 on 1-foot 
centers within plots. Estimates of percentage ground cover 
were taken on individual plots on Nov. 22, 1952. The first, 
third and fourth replicates were inoculated with a broad- 
cast application of dried grain inoculum on Dec. 15, 1952. 
The inoculum was applied at the rate of 1 g. per square 

^ Contribution No, 143 of the UJS. Regional Pasture Research 
Laboratory, Field Crops Research Branch, A.R.S., U.S.D.A., Uni- 
versity Park, Pa., in cooperation with the t\s’-eive Northeastern 
States. Received for publication Jan. 21, 1955. 

^ Hanson, A. A., Graham, J, H. and Kreitlow, K. W. The iso- 
lation of Ladino clover plants resistant to Sdemma trtfoUorum, 

, , Can. Jour. Agr. Sci. 33:84-90, 1953, 

^'Kreitlow, K. W. Infection studies with dried grain inoculum of 
■'IJd&rQtmm tnfolhnm. Phytopath. 51:553-558. 195U 


foot. Ground cover e.stimates were repeated on April 8, 
1953, and observations continued through the summer. 

A measure of winter kiiling was obtained from ground 
cover estimates taken in the un inoculated second replica- 
tion. The percentage ground coxer was 70.2%. in Novem- 
ber and 60,1% in April, giving a survival rating of 85.6^^ . 
The correlation coefficient for fall and spring ground cover 
estimates in the second replication was highly signiiicant 
(r=:0.85). 

There were no significaiit differences among November 
ground cover estimates in the three inoculatecl replications. 
The effectiveness of artificial inoculation wa.s adequate!)^ 
demonstrated, however, by an average spring survival of 
21.5%. An analysis of variance of the inoculated .series 
showed that survival in 42 of the single cross progenies 
was significantly higher than the commercial check. The 
differences for 31 of these comparisons w^ere highly sig- 
nificant. None of the single cross progenies had a signifi- 
cantly low^er survival than commercial. The survival per- 
centages for one of the better clones w^ere 28.0, 31.0, 39.7, 
42.7, 48.7, and 57.3 wdien crossed wfith "resistant’' clones, 
and 23.0, 30,7, 37.3, 46.3, and 53.7 in cmsses wfith "sus- 
cej>tible" clones. These survival values contrast sharply xvith 
the average survival of all single cross progenies (22.1% ) 
and that of the commercial check (12.5%?). 

The average percentage of healthy plants in the green- 
house progeny tests w^as significantly correiated with the 
percentage field survival (r r: 0.49). The low'- predictive 
value of this association Is indicated by the fact that there 
was no appreciable difference among the average field sur- 
vival of resistant X resistant, resistant X susceptible and 
susceptible X susceptible progenies. In.spection of the data 
showed that several poor greenhouse progenies w^ere good 
in the field and vice versa. One clone (494-6) classed as 
susceptible in repeated clonal tests accounted for much of 
this discrepancy. If clone 494-6 had been classed as ‘'re- 
sistant" the average percentage of healthy plants assigned 
to the three categories in the greenhouse progeny tests 
would have changed very little (resistant X resistant — 
22.5%; resistant X susceptible— 13.6%; susceptible X 
susceptible — 1 1.1%). 

The results obtained in this experiment show that field 
survival of some single cross progenies following inocula- 
tion with 5*, tnfoUormn was sufficiently better than com- 
mercial Ladino clover to be of economic .significance. 
Although greenhouse inoculations were effective in isolat- 
ing some superior plants, the field results show very clearly 
the difficulty in relying exclusively on greenhouse inocula- 
tions. Errors in classification as a consequence of repeated 
clonal testing could be attributed in part to the decline in 
vigor which frequently accompanies successive vegetative 


increase! The accumulation of virus diseases probably con- 
tributed to this decline in vigor. 

The excellent iield survi\%il t>f some resistant X sus- 
ceptible and siisireptible X susceptible progenies suggests 
that errors probably did occur in the greenhouse classifica- 
tion of clones. In addition, the relatively low ie\'el of sur- 
vival in greenhouse tests makes it rather difficult to detect 
possible errors on the basis of progeny tests conducted 
under controlled conditions in the greenhouse. The inter- 
action between "winter injury" and Sclerotinia crown rot 
is another factor which may ha\ e contributed to the low 
predictive value of the greenhouse tests. In this experiment 
it appeared that Sclerotinia crown rot and winter injury 
\\'ere independent, but there was no method of estabiishing 
this fact from the limited data available. In any event 
clones and progenies differ in winter survivai in the absence 
of disease and some measure of this response must be 
obtained in the breeding program. Further studies will be 
ret|iiired to determine the degree to which winter injury 
predisposes plants to Sclerotima crown rot and vice versa.* 

Hanson e/ *//. * concluded tltat greenhouse tests could be 
used to screen clones isolated from field inoculation studies. 
Clones selected on the basis of a replicated greenhouse test 
would tiien be intercrossed and their progenies compared 
in greenhouse trials. The data obtained in this experiment 
suggest that greenhouse tests might be confined to checking 
the response of plants isolated from field inoculation trials. 
Progenies produced from the resulting survivors should be 
inoculated in the lield, A. A. Hanson dml J. H. 
Graham, formerly AgronomlsL US. Regiond Pasture 
Research Laborai or y, uow Research Agronomist. BeltsvHle, 
Md.: and Paihologis-i. respectliely. 

Op, at. 

Avena sativa L., PROBABLY OF 
ASIATIC ORIGIN^ 

origin of tots, Aveua satlva L., like that of most 
“*** leading, cultivated cn>ps, is shrouded in mystery and 
their migration tt> Europe is unexplained. Specimen relics 
of the Bronze and Iron ages reveal that the ancients knew 
oats. Zadc (8), Maizcw (i). and others cite Theophrastus, 
Cato, Varro, Cicero, Ovid, and Virgil who mentioned oats 
as a weed ha\'ing medicinal value, whereas writers of the 
early Christian era, Pliny, Columella, Dioscorides, Galen, 
and others, list oars of the A. sat/ra type as being grown 
tor food in Europe and those of A. hyzant/m' K. Koch as 
a feed for horses and asses in the eastern Mediterranean 
and Mesopotamia regions. 

The origin of hexaploid (21;/) chromosome oats is gen- 
erally accepted as having taken place in Asia Minor or 
Southwestern Asia, and Vavilov (7) reported Ending A. 
satlva, A. fat //a. A, ster/Ils and A. byzantlna all growing 
wild in the region. The question "when, by whom and 
why" were A, satlva oats brought into Europe was never 
answered. History reveals that Slavonic peoples from Asia 
overran Europe until 411 A.D. when Attila and his Huns 
were defeated at Chalons-sur-Marne. Logically, Slavonic 
migrants from Asia Minor may well have carried seed oats 
from Southwestern Asia or Asia Minor for growing for 
human food, fodder for horses, or medicinal purposes. Such 

^Received for pubikution Feb. 5,, 1955. • > 


oats most likely were mixtures or of A. byzantlna deriva- 
tion, the type reportedly grown east of the Mediterranean. 
Information assembled previously by Coffman indicated that 
A. Hitlva oats probably w^ere derived from A. byzantlna, a 
species shown by Shultz (5, 6) and Coffman (1, 2) to be 
characterized by genetic instability and producing "sativa 
like" forms. The latter indicated that A. jatua, thought by 
some to be the progenitor of A. satlva, possibly arose in a 
manner similar to the fatuoids found most numerously in 
certain A. byzantlna varieties. A. fatua was rejected as the 
probable progenitor of A, satlva partly because so far as 
known that species is in general almost entirely lacking in 
disease resistance present in many A. byzantlna and A. 
satlva varieties and in A. sterllis. 

A. byzantlna, being polymorphous when taken from 
Southern Asia to the colder temperatures of Europe w^ould 
permit the elimination of "heat tolerant types" and the 
ascendency^' of the "sativa like" derivatives adapted to cool 
temperature. In North America such a transition took place 
in the origin of Fulghum, an "intermediate type" from Red 
Rustproof, and in turn of Columbia, a still more "sativa 
like" oat as a selection from Fulghum. Fulghum is adapted 
farther north than Red Rustproof, and Columbia to the 
north of Fulghum’s area of adaptation. Since this occurred 
in much less than a century, greater transitions could have 
occurred in 30 centuries or longer. Thus a plausible expla- 
nation for the development of in Europe is 

apparent. 

The belief of the ancients that oats had medicinal prop- 
erties may have resulted from the apparent potency of 
Sprouted oats in inducing fecundity and virility in Mam- 
malia. Graves (3) indicates this to be a new discover)'. 
Possibly the antiquity of the expression that the "horse feels 
his oats" is little realized. 

It is postulated that H. satlva arose from polymorphous 
A, b}zantlna oats taken into Europe by Slavonic migrants 
from Asia Minor. This seems more logical than the previ- 
ously held theory that it arose by mutation from A. 
fatua. — Franklin A. Coffman, Senior Agronoinlst, 
Field Crags Research Branch, A,RS., US,D.A. 
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obtained by using smaller sprockci gea An idler gear is 
required to reverse tlie direction the belt travels so that seed 
drojxs off the rear oi the belt. 

Seed tubes and double- dise furiw openers are from a 
regular, iield-size McCormick grain drill {figure 3). These 
furrow openers are under adjustable spring tension to con- 
trol penetration in the soil The depth of planting is further 


A FOUR-ROW, V-BELT NURSERY SEEDER’ 


Fig. 1. — General vie^v of nxirsery planter 


N ursery seeders have been built by many plant 
breeders in recent years and several descriptions pub- 
lished (1, 2, 3, 4,5, 6). 

Dry top-soil conditions at planting time for winter wheat 
and winter barley are common in the Hays, Kans., area. 
Little rain can be expected, and rapid drying of the top 
soil usually follows any precipitation received. Such condi- 
tions are not conducive to good emergence and good stands 
of small grains with the result that stands are often spotty 
and emergence uneven. Winterkilling and wind erosion are 
also common. To surmount these conditions, it appeared 
necessary to devise equipment capable of planting a number 
of different types of seed at depths wtere moisture could be 
reached while maintaining other conditions favorable for 
emergence. 

A mounted planter with hydraulic lift turning or 
backing wxis built by Jcvhn J. Burkhart, Jr., station shop 
foreman, using standard drill parts where possible. V-belts, 
frames, and windshields were brought from Vulcan Iron 
and Engineering, Ltd., Winnipeg, Other parts were pro- 
duced in the station machine shop. 

As shown in figure 1, the planter has four V-belts 
mounted in regular V-belt frames, which also support 
windshields if needed (figure 2). The belts run on concave 
pulleys mounted individually in front so they may be loos- 
ened when not in use. Power is applied by a system of gears 
to the rear pulleysf which are all on the same shaft. The 
main drive gear is mounted on the axle. It consists of a gear 
assembly from a McCormick drill and is conical in shape 
with 10 rows of cogs ('figure 3). A .sliding gear can be 
engaged in any desired row of cogs on this conical gear. 
The .sliding gear transmits power to another gear sj^stem 
that has a sprocket, available in three sizes. This sprocket 
transmits power by a chain drive to the shaft on which the 
rear pulleys are mounted and on which the V-belts turn. 
A total of 10 belt speeds is available. By changing sprockets, 
the number can be increased to 30. With the large sprocket 
the belt travels from about 8 to 50 feet varying with the 
row of cogs, with one filling of seed. Longer rows are 

fiContribvtion. No. 89, Fort Hays Branch, Kansas Agr, Exp. Sta, 
Received for publication Feb. 7, 1955. 


■.scry planter shoMing an angenients of V-bdts 
Note also the gear system uM-d to drive V-helts 


Fig. 3. — ^Nursery planter showing gear system, furrow openers and 
seed spouts. 
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controllfcci by a lever connected to the .shaft on which the 
doubie^iiscs are mounted. Pack wheels are of the open- 
center type. 

A rigid three-point iinkage to a tractor is used. 

The planter operator sits on an implement seat while 
spreading seed, or, if two ojiferators are available, they stand 
on the framework supporting the pack wheels (tigure 1). 
A seat for two operators could be added. Racks for tw^o 
seed trays are mounted beside the V~beit frames. 

Rows are planted to the middle of the alley where the 
tractor is stopped, the belts cleaned, and new seed spread. 
One planter operator can plant per day 2,000 to 2,500 or 
more rows which are trimmed to 8 feet at harvest; two 
operators double this rate. In practice the macliine has been 
found practical for seeding all types of yield and breeding 
plots at a rate double or more tiiat of a hand-operated 
V-beit. As good or better stands as with a held drill have 
been obtained wdiere moisture was at all favorable. — John 
D. Miller, Asshtimt Professor, fori Hoys BriWch of the 
Kiiosos Agr. ExfK Sio., PLns, Koos., iUid W. M. Ross. 
Assockte ' fkid (At^ps Research Brooch, 
A,RS,, USJAA, ■ 


LITERATURE CITED 

L Fr&v. K. J.. and Dow^N, Ic L, A multiplv-row nurscrv smicj. 
A^^rorc jimr, ‘LLtlV-lM 

2. huMOUS, j. E A four-nnv nursery seeder. Agvun. |<uir. 41 : 

261 - 269 , 194 ' 9 '. ■; ■ ' ■ ' ■ * 

V HimCHOT, i.. ’VCL, Bfll, F. J.. and DHrn-R. A. F. Drill for 
expenintntal pints. A,i;rnn. juur. 42 : 210 - 211 . 1950 . 

-1 Jenshn. N. It, and Witus, G. H. Siuall-grain niinsen’ equip- 
ment. Agron. jour. 44 : 590 - 592 . 1952 . 

5 . Porter. K. B. Adaptation of a commercial type wheat drill fc^r 
nursery seeding. Agron. Juur. 45 : 296 - 297 . 1951 . 

A Sneli. K. S.. and Stellatella. G. Tractor-drawn V-beit 
planter. Agron. Jour, 46 : 141 - 142 . 1954 . 

BREEDING FOR RESISTANCE TO YELLOW 
DWARF VIRUS IN BARLEY^ 

T he yellow dwarf \irus disease has probably reduced 
yield of barky, \\'lKMt, and oats in California by more 
than any of the oilier cereal crop di.seases in each year since 

/‘■Keceived hu puhlituricm Ikb. ' 28 .. I 953 v 


its discovery in 1951. This virus, its general effect, its 
vectors, and its host range have been recorded.- Because of 
its economic importance, and the likely importance of 
breeding for its control, this report on the nature and on 
the inheritance of a "resistance’’ difference seems timely. 

The resistance of the Rojo variety and of a few^ Fg segre- 
gates from a Rojo X California Mariout^ backcross w^as 
first observed in 1951. It wars recognized then that some 
other varieties possessed a higher level of resistance than 
Rojo, but that no other breeding material could be adapted 
for wide use against this virus as quickly as this backcross 
population. 

Since this was a new disease, appropriate testing and 
evaluation technics had to be developed. In estimating com- 
parative injury from yellow dwarf on a 0 to 4 scale, Rojo 
has generally been assigned a value of 1 and California 
Mariout a value of 3. In plant or population assays under 
common growth stage and natural mass infection synchro- 
nizations this range translates into a 10 to 35 yield differ- 
ence. This varietal difference is distinct from the actual 
yield level where time (duration) of infection is singularly 
important. Thus in California Mariout a near lethal reac- 
tion results from seedling stage infection, but this is an 
unlikely event under normal cropping conditions. 

During 1952 and 1953 the levels of persistent yellow 
dwarf infection w^ere not sufficient for precise plant classi- 
fication, but wfith information integration resistant lines 
were successfully advanced. The dominance of suscepti- 
bility was established. In 1954 a backcross population, the 
equivalent of 895 plants derived from 12 parental lines 
proven equivalent to Rojo in resistance, was classified. This 
population divided distinctly into three classes: 641 sus- 
ceptible, 209 resistant, and 45 escaping infection. This 
clearly indicates a single recessive gene difference betw^een 
Rojo and California Mariout. Since this gene, after four 
backcrosses, is now" set in plants predominantly like Cali- 
fornia Mariout, it seems destined for early use to reduce 
yield losses from yellow" dw^arf in the ex'tensive areas where 
this variety is adapted. — ’Coit A. Suneson, Research 
AgronofUist, Field Crops Branch, A.RS,, US.D,A. and 
Department of Agronomy, Untv. of Calif ornia, cooperating, 

“ Oswald, John W.. and Houston. B 5 -'ron R. The yellow-dwarf 
virus disease of cereal crops. Phytopath. 43: 128-1 36. 1953. 
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Book Reviews 


jFARM equipment and machinery, 4TH EDITION 

By Hams Pearson Smith. Neiv York. iMcGratv-HHl Book Co. 

514 pp^ 1955. $7.50. 

All types of farm equipment for field crops are discussed in 
this complete revision of the author s well known work. In addi- 
tion to tillage and planting equipment, the author includes equip- 
ment for application of herbicides and insecticides. Among the 
new chapters are those on power lift controls, lubrication (which 
gives the American Petroleum Institute’s new classification of 
engine oils), and application of liquid and gas fertilizers. Separate 
chapters are presented on primary and secondary tillage equipment, 
and on power lifts, and rubber tires, weed control, spraying and 
dusting, fertilizers, hay and forage, grain, cotton, processing equip- 
ment, and miscel ianeous harvesters. The agricultural engineering 
students will find this a complete, up-to-date treatment of the 
field, and farmers and farm advisers can use it as a reliable ref- 
erence work. The author is at Texas A&M college. 

METHODS OF PLANT BREEDING, 2ND EDITIGN 

By Herbert Kendall Hayes. Forrest Rhinehart Immer, and David C. 

Smith. Netv York. McGratv-HiU. 551 pp. 1955, $8.50. 

In this revision, the authors have added much of the new knowl- 
edge in the plant breeding sciences %vhich has accumulated since 
1942 when the first edition was published. They ha\y? placed spe- 
cial emphasis on the following: centers of origin of crop plants, 
heterosis, breeding for insect re.sistance, the breeding of cotton 
and sorghum as representatives of crop.s often cross pollinated, 
and a review of the present viewpoint of forage crop breeding. 

Chapter headings include: Heterosis* The Role of Plant Breed- 
ing Techniques in Selfing and Crossing, The Pure-Uoe Method 
of Breeding Naturally Self-pollmated Plants, Hybridization as a 
Method of Improving Self-fertilized Plants; The Backcross Method; 
Breeding for Disease and Insect Resistance; Special Techniques; 
Inheritance of Small Grains and Flax, Cotton and Sorghum Breed- 
ing; Development of Methods of Corn Breeding, Inheritance in 
Maize; Forage-crop Improvement. 

Separate chapters are included on correlation and regression. 
Chi-square tests, field-plot technique, experimental designs, and 
heritability. An excellent glossary of close to 200 terms is included 
as well a.s an appendix of 6 tables for statistical analysis reprinted 
from other sources. 


in soils which support trees and shrubs remain unsolved. This 
book presents various tests and techniques designed specifically 
for the.se soils. It is divided into 7 main parts: analysis of phys- 
ical properties of soils; analysis of cheniical characteristics of soils; 
analysis of ground water; analysis of biological and microbio- 
logical properties, of soils, organic residues, and composts; floris- 
tic and mensuration analyses of native vegetative cover; chemical 
analysis of plant tissues; and determination of morphidogical and 
physiok^gical characteristics of nursery stock. 

The authors place special emphasis on the technique of soil 
sampling required for determining the dilterent soil characteristics, 
and the relative value of various analytical procedures as applied 
to soils supporting woody plants. 

There are four appendices; notes pertinent to chemical analysis 
of soils* soil fertility standards for raising nursery stock and crit- 
ical content of nutrienc.s in soils of planting sites; conversion fac- 
tors commonly used in soil and timber ana!yse.s, and international 
atomic weights of elements important in soil analyses. With the 
exception of a .sizeable list of errata, the book is a good example 
of the "offset'’ printing process. It is dedicated u> Emil ‘rmog. 
emeritus professijr of soils at the Lhiiversity of ^Xdsamsin. 

VEGETABLE PRODUCTION AND MARKETING 

By Paul W^ork and John Carew. lohn Wiley o Sons'. 

536’ pp. 1955. 34.72, 

Home gardeners and farmers as well as the college student 
will find much of value in this introduction to vegetable produc- 
tion and niarketing. As a text book, it is designed for use along 
with class trips, field surveys and home projects. For tlie student, 
the authors have placed special emphasis im inherited character- 
istics of crop plants and their responses to environment. The prob- 
lems of commercial farm management and produce marketing are 
well presented, and the book on the whole, in addition, is well 
suited as a reference for the amateur gardener. It contains 12 chap- 
ters on principal crops and crop groups. The chapter vvhich dis- 
cusses plant growth, physiology, photosynthesis, respiration, repro- 
duction and breeding, seems particularly well written for any of 
the potential Users of the book. The same can be said for the 
ciiscu.ssions on soil management, disease and insect control and 
.seed. Extensive references are listed following each chapter, and 
the hook is adequately illustrated. The authors are at Cornell 
University. ' , „ ■ - 


LAND JUDGING 

By Edd Roberts. Norman, Okla.Tbe University of Oklahoma Press, 

■ ■ 120 pp. 1955. $2.50. ' 

The author, one of the pioneers in land judging conte.st.s at 
Oklahoma A & M College* is well qualified to prepare a hand- 
book for this method of soil evalmition. The six short chapters 
are exceptionally well written, clear and to the point, and the 
illustrations are well chosen. The chapters tell how to judge land 
by physical characteristics and soil tests and classifications, kw to 
u.se die land-judging score' card, and how to go about conducting 
'and implementing a land-judging contest. After supervisinig more 
than 300 land-judging contests in which more than 60,000 indi- 
viduals participated, Mr. Roberts is a zealous promoter of the 
contests as an effective means to promote a better understand- 
ing and use of our soils. As a parallel he cites the growth of 
livestock judging and the benefits to agriculture which have been 
derived therefrom. Land judging, he rightly maintains, is perhaps 
a more fundamental activity than livestock judging. This manual 
is certain to be widely used. 

ANALYSIS OF SOILS AND PLANTS FOR FORESTERS 
AND HORTICULTURISTS 

By S. A. Wilde and G. K, Voi^t. Aim Arbor, Mich. /. Ill Edwards. 

117 pp. 1955, $3.75. 


/■'SOIL, AND W^UTEE CONSERVATION ENGINEERING 

By Richard K. Frerert, Glenn O, Schwab, I'alcott 11 . Edminster. 
and Kenneth K, Barnes. Wac York.. John lU.'/cv 6 Sons, 

W9 pp. 1935. $8.50, ■ 

This welcome bouk present.s an integrated treatment oi all aspects 
of soil and Walter conservation from the standpoinr of tiie engi- 
neer. It is the fir.st such attempt to cover the suhiect in this 
manner, and the authors deserve commendation for developing 
a textbook for agricultural engineering students who can, with the 
help of this book, survey this broad field and not niiss any of 
the opportunities Which it offers and the problems which it meets. 
Following general chapters on the scope of the subject, and on 
hydrology and physics, chapters 6 to 22 cover wind erusiim. con- 
touring, .strip cropping, terracing, re.servoirs, embankments, head- 
water control, field surface and subsurface drainage, cartfi dams, 
land clearing, etc. An especially helpful appendix includes I'. S. 
rainfall maps, methods of runoff determination. Manning velocity 
formula, pipe and conduit flow, drain tile specifications, earth 
moving rates, loads on underground conduits, conversion constants, 
gravel filters, volume formula and layout of circular curves. With 
the exception of Mr. Edminister. wdio is with the USDA. the 
authors are on the Iowa State College Stuff. 

PESTICIDE HANDBOOK 


"Diagnosis of soil productivity by field and laboratory methods" 
is the subtitle of this pioneer work which comes to grips wu'th 
the particular problems of fertility in soils wdiich support woody 
, plants — forest and orchard trees. The great majority of published 
reports on soil fertility in the past 25 to 30 years is based on 
"investigations in field crop culture. Many of the special problems 


D. E. H. Frear. Colleyic Science Pnhlishvrs, State Colie if e. Pa. 
7th edition. 208 pp. 1955. (paper hound, S1.25: ' 
cloth bound, $3.00). 

The product listings in this year’s handbook include 6,204 
items, covering insecticides, fungicides, herbicides, rodenticides, and 
soil conditioners, as w*ell as equipment The products are listed 
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REVIEWS 


under their tniiie names in the fii-ti -.• r . 

while in the seumd section the thetruca] matedalV 

various |x:s^u.ldc^ arc ,a:i\ en. A OKlinr* o-cf. i i tiit 

for the reader to hnd all axmoercial proSets in M ^icb c£^ 
icai IS used. I he book also ioclutles fh.. - 'oien taui tiieni- 

factiirers and of professional pest control 


PL AlSi rs WITHOUT FLOWERS ■ 


By Jlay(, id BmJii. ^ew York Phihrophiail nhon y. 

/’/’• 19i}. $6.00. • 

. mysterious— world of flow-erlese nl 

IS vividly portraveu in this Heautifullv ev,,-,it ! " plants 

tent knowlediie of the field «f P-- 

intruduce to the student or the lav reader the , ® 

plant l.te from which mankind has' derived hLmtv nleifulr'and 
hea th, as we I as no small amount of sufferinit and di'se se’ M. 
Bastin presents separate chapters on slime fungi al«ae iXns t ^ 
true tungi. m^ses and liverworts, ferns, fern allies horse t ii^ -md 
club masses. Bacteria re included in the chapter , in slim'e f'unm 
and due ix-cogmtK.n is given the role whiclt saprophv e pi 'v 
nitrilKation o! soil. Oi six- greatest interest to a gSeral reade" 
IS perhaps the chapter of true fungi, for ccinsiderable discos^on 
IS gntn hi the heiu imp. truit. and vegetable diseases, .skin infec- 
tions aiK, iitber uiseases caused b\ iungi, Excellent photoyranhs ut 
gioupci. togeilier in .i central seition of the book, and line dr iV- 
iigs aie usei! Iilseraily to complenient the cleaiiy written tevt' A 
glossary oi more th.in iOU pl.m, names, with the Latirchissifc- 
iniidtext!’ '*>'- «'”i”»'n names are used, howtve.-. 


OAT IDI NTIiTOVTlON AND C:I.AS,SIFI(:aTION 
(I ,S.1).A. lixlinicai Bulletin Nti* IKK)) 

By t. It Sl.n^:or. I!, .■«««, Vtojs D. C.. L. S. G.ri. Prh,B«y Oficr. 

■M pp,- AprH 193}, Si, 59, 

svaiono,m‘‘-'rif’ ’'.“'f'”" 9'' fii«'iry. distribution, and 

i m merc illv ‘ f A«ncuitural larieties of oats grown 

i i nmft^ - viesenbes certain varieties of known, or poten- 
tiai. plant breeding and taxonomic value which are erown and 
itiognueic primarily hy experiment stations and other research 
Institutions. I he bulletin was written in respon.se to a demand fo- 



if.<h considers agronomic, physiologic, and patho- 

identificatimwf “'^ ^‘^‘‘‘"‘‘^“1 characters for the 

11 1- oat varieto; It is the former which determine 


the ex-tent nf th.. — -i lomier xvliich determine 
-id ,n* -1 aocl distribution of a variety, as well as 

*Ud ill Its ldentllir;?f;nry r'l,., ..,,.^ 4 . ...... 1 1 t ^ 


Su"le!f ^*1““ <lescribed\;e‘Z-;hoi^Lt 

iV-il ' ^ f' spikelet, lemma, awn, cai-yopsis, and physioloc- 

wiirreTS/t.^tVi^ •'^■^ll'^nakel 

conmion ■ ’ ^""‘‘. Abyssinian, short, w-ild, and 


HANDBOOK OF FOOD AND AGRICULTURE 

nW ^^Oihold Publishing Co., 

London, Chapman and Hall, Ltd. 1038 pp. 1955. $ 12 . 30 , 

I wenty-mne specialists from as many fields have contributed 

in selected"-ire if f latest knowledge 

indf roflif f Ti ^ agncultural production and food technolow 
! f 26 chapters cover such diverse yet closely re- 

hwbicidf growth, _ fertilizers, insecticides and 
ftofTtoi nutrition, storage of raw products, food proc- 

e sing and preseryat.oti, packaging, waste disTO.sal, irowth ifgm 

pWductraS’fert 

sive'f'mmf.vfnf'^''’', P«sent comprehen- 

rh-iftf. c -I "”'“5' *^"P‘‘^s In one book, the 

chapttis on boi s by Eric Winters. Soil Fertility by C L W 

b^ Oam i'*' and Soil Microbiology' 

iLr ft t o t bow thoroughly the- subjects are cOv- 

t„l f f' chapter covers phy.sical, chemical, colloidal, and 
biological properties, e.x-changeable calion.s. hydrogen ion concen- 

gffanhv A ? “m f'- '"'f *'"’■" ‘'"S^ification and 

erti« of VnA,l^' discusses the composition and prop- 

utics of .mimal manures, sewage sludge, conifio.st, peat, seaweed 
f‘ '""‘ 7“'"’ and commercial fertilizers. Dr. Swanson discusses 

""d Pli‘nt fertility relationship^ 
the availability, interactions, ami 
utiluutum ot each of the major and minor elements. 

"cH iltostrated, tables are numerous, and each 
thef ISDA Dr, Blanck is a former soil scientist with 

he ILSDA who retired m 1952 from the H. L Heinz Co where 

«mpaays 
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SOCIETY MEMBERS WIN HOBLiTZELLE AVCMRDS 


■ MEETINGS . ■ 

June 25-27i, Amerkan Society of Commercial Seed Technolo- 
gists, Stillwater, Okla. 

June 27-29, North Central Branch, A.S.A., Iowa State Coilege, 

■ Ames. 

lune 27-30, Association of Qificial Seed Analysts, Stillwater, Okla. 
June 28-30, Pacific Northwest Regional Fertilizer Conference, 
Boise, Idaho. 

July 7, Summer meeting. Miss. Section A.S. A. Coastal Plain 
Exp. Sta., Newton, Miss. 

July 18-19, Eighth biennial Eastern Alfalfa Improvement Con- 
ference, Cornell University, Ithaca, N.Y. 

July 21-22, Great Plains Agricultural Ammonia Trade Show 
and Field Day, Des Moines and Ames,: Iowa. 

July 25-28, Northeast Branch, American Society of Agronomy, 
Pennsylvania State Umyersity, 

Aug. 1-6, 3rd International Congress of Biochemistry, Brus- 
sells, Belgium. 

Aug. 15-19, American Society of Agronomy and Soil Science 
Society of America, University of California College of 
Agriculture, Davis. 

Aug. 29-Sept. 6, International Horticultural Congress, Scheven- 
ingen, Holland. 

Sept. 7-9, American Society for Horticultural Science, Michigan 
State University, East Lansing, Mich. 

NORTHEAST BRANCH MEETING WILL PARTICIPATE IN 
JORDAN FERTILITY PLOT ANNIVERSARY 

The 1955 annual meeting of the Northeastern Branch, American 
Society of Agronomy, will be held jointly with the 75th anniver* 
sary of the Jordan soil fertility plots July 25-28 at Pennsylvania 
State University. The Jordan plot celebration will be held Tues- 
day, July 26, wdth a special afternoon program and a memorial 
banquet in the evening. 

Registration and assignment of lodgings will be held in the 
lobby of McEl wain hall beginning at 2 p.m. on Sunday, July 2d. 

The Northeastern section’s business meeting will be held at 7 : 30 
p.ni; Tuesday, July 25 in the Hetzel Union building. 

Visits to local farms and inspection of highw’ay shoulder and 
slope revegetation and forage breeding nurseries are planned for 
Monday morning. Monday afternoon tours are as follows: Soil 
mineralogy, C. D. Jeffries; soil testing lab, R. J, Thomas; green- 
house research on soil root relations, D, P. Satcmeli/, U. S. pas- 
ture research laboratory, R. J. Garber, R. R. Robinson, V. 
Sprague, and J. T. Sullivan; potato breeding, W. R, Mills; 
potato variety tests, J. S. Cobb. 

Tours of Jordan fertility plots will be held Tue.sciay morning 
with A. C. Richer, R. J. GArber, H. L. Carnahan, J. H. Gra- 
ham, S. M. Raleigh, and L. T. Karoos. Speakers at the Jordan 
celebration program Tuesday afternoon include Profs. F. J. Hgl- 
BEN, J. W. White, A. C. Richer, C. D. Jeffries, H. W. Higbee, 
and F. G. Merkle. 

Dean L, E. Jackson of the Pennsylvania College of Agriculture 
will preside at the Jordan Memorial banquet Tuesday evening. 
Guest speaker wull be Dean W. 1. Myers of the College of Agri- 
culture, Cornell University. 

H. R. Albrecht, director of agricultural extension at Pennsyl- 
vania State University, will preside at the Wednesday morning 
session of the Jordan plot celebration. F. E. Bear, former head 
of the soils department, Rutgers University; Emil Trijog, former 
head of the soils department. University of Wisconsin; and C. E. 
Miller, of Michigan State University will take part in a discus- 
sion on the contribution of long-term soil experiments to practical 
agriculture, research, and teaching. 

Tours on Wednesday include special turf experiments, H. B. 
Musser; corn breeding, L. L. HUber; corn genetics, J. E. Wright, 
Jr„ small grains, C. S. Bryner; Foundation Seed project, G. W. 
McKee, R, C. Walker; breeding for disease resistance in corn, 
C. C, Wernham; and forage management field experiments, J. B. 
;WaSHKO. 

Special tours to outlying experiments on July 28 will be con- 
ducted by B. F. Coon, L\ L. Hubrr, L. T. Kardos, J, B. Washko, 
H. W,‘ Higbee, and A. E. Cooper. 

; Spqc/al features ' are planned for women. 


Three members of the American Society of Agronomy received 
the 1955 Hoblitzelle Agriciiltiiral Awards announced in May. 
Sterling R. Olsen, USD A soil scientist wdth the Colorado Agri- 
' cultural 'Experiment- Station, Fort Collins, .won 
the award in agricultural sciences for develop- 
^ ment of a sodium bicarbonate method for 
estimating available .soil phosphorus. He re- 
ceived $5,000 and a gold medal. J. Roy 
:Quinby, superintendent of the Texas Branch 
Station at Chillicothe, and Joseph C. St.e- 
PHENS, USD A plant breeder at the Chilli- 
; cothe branch station, jointly receiwii the 
I award for advancement .of Texas rural life, 
for their development of a practical method 
conimerciul production of hybrid sorghum 
£\ ‘ They shared a $5,000 cash aw-ariL. and 

, each received a gold medal. 

J' has been with the USD A since 

1945, and at Fort Collins, since; l94iH. 

Quinby and .Stephens have both been engaged 
Olsen in research at Chillicothe since 1925. 


The agronomy department of Iowa State College has planned a 
full and varied program for the 1955 meeting of the North Cen- 
tral Branch, American Society of Agronomy at Ames, June 26-29. 

Registration will take place from 2-10 p.m. .Sunday, June 26 in 
the Corllege Memorial Union, and from 8-9 a.m. Monday, June 27. 
The Monday morning program will be devoted to suminaries of 
current research and teaching programs at Iowa State College pre- 
sented by W. H. Pierre, F. F. Rii-cken, R. H. Shaw, L ]. |ohn- 
soN, J. L. Robinson, B. J. Firkins, R. R. Kalton ahd*E. R. 
Duncan. ■ ' 

Following two general tours Monday afternoon, special inter- 
est tours are planned as follows: plant indu.stry statuai, M. M. 
Hoover; soil conditioner and ridge-row planting plots, Don 
Kirkham and W, F. Buchblb; turf plots, H. L." Lantz; weed 
control in soybeans and corn; D. W. Staniforth and C, R. 
Weber; rotation-fertility plots, W. D. Shrader, A. Englehorn, 
and J. Pesek; soil judging, F, W. Schaller; equipment, machin- 
ery, and weather station, H, Meldrum, R. E. Atkins, and R. 
Shaw. 
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AGRONOMIC AFFAIRS 


M. A. Andf-HSOn, assuciute ihret:tt)r of A^^ricultural Extension 
Service, will presale at the Monday e\ening meeting at which 
E. R. Duncan, F. <), Hi- Am, [. Pfsfk, and L J. Johnson will 
speak. 

Tuesday's tour t)f small grain nurseries will be conducted bv 
the folkaving: R. H. Atkins and K. J. Fiu-y, S. C. Wiggans, 
R. M. LiiW'is, j. A. Browning, and Af. D. Simons. 

C P. \Xhisir, John Baxti:h. and R, R. Kalton will explain 
current wark on torage crop breeding. 

Three meetings are planned tor Tuesday morning as follows: 
Session 1. -—Tillage and intercropping practice in corn production 
with G. Af. Browning. R. L. Cook (Afichigan State College), 
W. F. Lak.son, \V. F. Buchei.e, F. \X\ Schalli-r, C. A. Van 
Doki-n, and H. B. Atkinson (Tniversity of Illinois); Ses.sion 2. — 
Soil physical properties and crop growth, D. Kirkham, presid- 
ing. with M. il Ri.’sshll (l/niversity of Illinois), G. S. Taylor 
(O hio State l-niversity ), A. E. Ekickson (Michigan State Col- 
lege), S. \Xu AIelstld (I'niversity of Illinois), R. E. Duncan 
( iowa State College) and C. At. XX'oodrufe (University of Alis- 
souri). Session 3. — Research in soil fertiliU' and management in 
Iowa, with J. 1‘. Pi-:sLK. \X'. D. Shkadhk, John \Xd:BB, LL{>vn 
DuMENii. and John Hanw'ay. 

'Piiesday afterntion riutTings include: nitrogen in Midwest agri- 
culture; pasuire and forage evaluation: rainfall-soil-crop relation- 
ships, and regicmal pndile nU:>noliths. Tuesday conferences 

are scheduled for pasj^ure research, potassium stnl tests, soil mois- 
ture anil temperature survey, and deep tillage and fertilization 
researcli. General sessions on Wednesday morning are devoted to 
crops, soils, and nitrogen soil testing. ‘Fours h) T outlying experi- 
mental fielils are jdanned for XX'’ednesday also. 

COM iM LINfCATf ONS 

Ml‘l’ATIONS BY EUiCTRlc: CURRENT 

Dr. XX'. Ralph Singleton’s most interesting paper on the "Con- 
tribution of Radiation Cienetics tt) Agriculture" deserved top-billing 
in your Alarch 19'"^ 3 isue of jouvnal. He apparently 

confined his review of the early literature on the subject to the 
X-ray technique. In my reading on this general subject I have 
come across a very informative treatise on the mutation of botan- 
ical species by means of the electric current. The wiirk was by 
Alberto Pirovano and the complete study was published in Atilano, 
Italy in 1922 with the title-— 

"Ea Aluta/.ione elettrica deile 
specie botaniche e la disdplina 
deir eredita nelldbridazione’’ 

Pirovuno states that he started his studies in 1899. Undoubtedly 
copies can he located in some of our technical libraries. 1 have a 
copy in my library. 

1‘iiis treatise shouUl be known by American workers in tiie 
field of genetics. It is complete and well illustrated. Although Dr. 
Singleton states that radiation genetics hav! its origin in funda- 
mental researches conducted by Dr. H, J. Aluller and Dr. I. J. 
Stadler in 1927 and 1928. "this work shows that Piruvuno pre- 
ceded these <ither scientists by many years. Pirovuno used X-rays 
in addition to the electro magnetic held in bringing about genetic 
mutations. 

V. Sauchelli 

The Darhon Chemical Corp. 

Bahimore 3. Maryland 

INTERNATIONAL ARID LANDS MEETINGS 

Afore than dOO delegates from 2'i countries met in New Mexico 
April 26 to May 4 in the International Arid Land.s Meeting.^. The 
meetings were sponsored by the American Association for the 
advancement of Science and its Southwestern and Rocky Moun- 
: tain- Division. ' ' ' 

The first 4 day.s of meetings at the University of New Mexico 
in Albuquerque consisted of <.)pen meetings and discussions. Field 
trips into surremnding desert areas were held on April 30 and 
May 1, A similar group met by invitation at the New Afexico 
Institute of Mining and Technology at Socorro, N. Mex., on 
May 2 to 4 to discicss and work out ways for better cooperation 
in solving arid land problems. 

^ The speakers emphasi?.ed that only a small part of the poten- 
; tial of arid lands is being utilized. Animal life is only partly 
utilized and plant breeding and better management practices can 
. give more efficient use of present water resources. The discussants 


agreed that doud seedings had definitely increased rainfall. But 
the etlectiveness of silver iodide burners was held to be small 
unless the discharge is made from high mountain peaks or from 
airplanes directly into cloud formations. 

Significant advances have been made in desalting water. Electro- 
lytic removal of salts through selective membranes can reduce salt 
in water from 4,000 parts per million to 1,000 parts per million 
for about S cents per ton. This is nearing an economic level for 
irrigating high value crops. 

The general consensus seemed to be that better cooperation 
among research workers of arid lands offers greater hope for solv- 
ing the important problems than would the establishing of an 
international research center. — D. XKL Thorne. 

TWO PROMOTED AT TEXAS A&xM 



J. B. Page 


J. E. Adams 


Two top positions on the faculty of the A. and M. College of 
I’exas were filled recently by members of the American Society 
of Agronomy and Soil Science Society of America. James E. Adams, 
head of the college's coordinated department of Agronomy since 
1948, was named Dean of the School of Agriculture April 25. 
He succeeds Charles N. Sheppardson, who has resigned after 
I ! years as Dean to accept appointment as a member of the Board 
of Governors of the Federal Re.serve System. 

Dr. Adams was born on a farm near Lee’s Summit, Mo., in 
1898, and i.s a graduate of William Jewell College, Liberty, Mo. 
He took his M. S. degree from Purdue University in 1922 and 
his Ph. D. from Iowa State College in 1936. 

His successor in the agronomy department is J. B. Page. Dr. 
Page joined the Texas A. and M. agronomy department in 1950 
as head of the soil physics section. He received the Stevenson 
Award of the American Society of Agronomy in 1954. He is a 
native of Utah, holds a B. S. degree from Brigham Young Llni- 
versity, M. A. from the L-niversity of Missouri, and Ph. D. from 
Ohio State LIniversity. 

DETAILS OF INTERNATIONAL GRASSLAND CONGRESS 
TO BE PUBLISHED THIS SUMMER 

Detailed plans for the 7th International Grassland Congress 
will appear in a booklet to be published this summer, according 
to the organizing secretary of the congress. The congress, which 
will meet at Massey Agricultural Congress, Palmerston North, 
Nov. 6-15, 1956, is being sponsored by the New Zealand govern- 
ment under auspices of the New Zealand Grassland Association. 

The Massey college farms are devoted to dairying on the river 
fiats and to sheep and cattle on the terraces and hill country. Most 
types of North Island grassland farming are practiced at or near 
the college. Adjoining the college are the Dairy Research Institute 
'and the Grassland Division of the Department of Scientific and 
Industrial Research, which is the major grassland and research 
station in New Zealand. 

Regi.stration fee for all persons attending the Congress is 5 
Pounds (approximately 1 14.00) and will entitle registrants to a 
. copy of the Congress proceedings. 

A weekend 300-mile tour has been arranged for. Nov. 10-11 
which will pass through dairying and fat iamb raising country, 
hill country and tussock grassland. Two other concurrent tours of 
the North and South Islands, respectiyely, have been arranged fol- 
lowing the Congress proper from Nov, X6-20. . 
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l-he New Zealand Grassland Association will hold its annual 
conference at Canterbury College, Lincoln, Nov. 27-29. This meet* 
ing will give overseas visitors further oppoitunitt’' to study New 
Zealand grassland farming. Canterbury College is the oldest agri- 
cultural college in the southern hemisphere. 

NORTH CAROLINA HONORS E. E, CLAYTON 

Phytopathologist E. E. Clayton was honored by North Carolina 
State College where he was awarded the Doctor of Science Degree 
during Commencement on May 29. Dr. Clayton, formerly in charge 
of tobacco breeding and disease work for the USD A, was cited 
for his outstanding contributions in tobacco breeding and disease 
research leading directly to the development of disease resistant 
varieties, which have meant so much to growers and the economic 
welfare of North Caralina and other tobacco growing states. 

Disease resistant varieties which Dr. Clayton has been instru- 
mental in developing, now planted on more than 230,000 acres 
in North Carolina alone, are returning increased prohts to growers 
of millions of dollars each year. Without these improved tobacco 
varieties, prohtable tobacco production on thousands of disease 
infested farms would be impossible. On the evening of May 28, 
prior to Commencement, Dr. and Mrs. Clayton were entertained 
by friends and co-workers from experimental stations, industry, and 
farm groups with a banquet on the North Carolina State College 
Campus. 

SOCIETY IStoES ‘CAREER’’ PAMPHLET 

‘'Your Career in Agronomy,” a brcnLure de.scribing j(>b oppor- 
tunities in agronomy, has just been issued by the American Soci- 
ety of Agronomy. The booklet represents a joint eitort of the 
Agronomic Education Division of the Society and the special 
Committee for Training Soil Scientists of the Stnl Science Sockty 
of America. 

Single copie.s are available at no cost from the Society head- 
quarters, 2702 Monroe Street, Madison, Wis.. or from agronomy 
and soils departments throughout the country. Quantity orders are 
also available to agronomy and soils departments at a rate which 
covers printing and shipping costs. 

The brochure is written primarily for high .school students. It 
was prepared by Glenn KiiNGMAN, North Carolina State Col- 
lege; M. B. Russeli, L'niversity of Illinois ; and Darrel Met- 
c A LFE and Lou is Thom pson, both of Iowa State Go 1 1 ege, 

U.S. ENTOMOLOGIST RETIRES 

E. L. Griffin retired April 1 as Assistant Head of tlie Pestit ide 
Regulation Section, Plant Pest Control Branch of the Agricultural 
Research Service, USDA. Dr. Griffin joined the Department cjf 
Agriculture in 1910. Following his retirement at the end of this 
month. Dr. Griffin will return to his farm four miles north of 
Lawrence, Kans, 

A, F, MILLER RETIRES FROM SWIFT 

Arthur F. Mi^iXER, 7 of Western Springs, III., general manager 
of the Plant Food vdivision for Swift & Company since 1947, re- 
tired on April 1. He is succeeded by William F. Price, of Hins- 
dale, IlL, who has been assistant manager of the Plant Food divisitm 
since 195.2, 

Miller, a native of Iowa, began his career of 43 years at Swift 
as secretary to the manager of the Plant Food division. Price joined 
Swift in 1925 at Calumet City, 111., as a sales representative for the 
Plant Food division. He became sales manager of the Pacific coast 
area with headquarters at Los Angeles in 1929. He later managed 
plant food factorie.s at Ontario, Calif., and Los Angeles. 


.H. , F. RHO.ABi-$ is: again stationed at the University of:;Nebraska 
agronomy department after hening seT^ed for the past several 
months as assistant head of the Western Seal and Water Manage- 
ment Section. SWGRB, USDA, Beltsville, Md. 

A 

Darcy M. Satek of Yakima. AX’ash.. has been named manager 
of the seed division of the Chas. H. Lilly Co.. i ' Seattle. 

A ■ 

Charles H. Kline has been appointed manager of the newly- 
created chemical development division of Climax Molybdenum 
Co. in New York. 

Lawrence Zelenv. chief of the USDA Grain Division Stand- 
ardisation and Te.sting Branch, is the new president-elect of the 
American Association of Cereal Chemists, 

Robert Q. Parks has been named general sales manager of 
Grace Chemical Co. Since joining Grace Chemical in early 1953, 
Dr. Parks has been serving as nianager c?f agricultural services. 

. T ■ _,A ' 

E. D. W’alker, l'niversity of Illinois extension agronomist and 
soil c(»nservationist. is one of tive staff rruaribers horHired at a 
special reception May 29. The five will retire this fall. 

Raeth F. Grim. Minnesota hybrid corn sptcja list returned in 
May from Yugoslavia where he had spent the past year as an 
advisor with the U, S. operations mission to that country. 

A™....„ 

A. It Vekdery has been appt;dnU'd eastern district sales iriun- 
ager of the Olin Mathieson Chemical corporation’s eastern fertilizer 
..division. 

E. B. REY.NDLDS: was granted a leave td absence from thC' Texas 
A&M college. May 9 to serve as agricultural consultant in Pakistan, 

■ —A^'' 

Carl S. Hoveland was appointed instructor in agronomy at 
the University of Florida June 1. He is concerned with pasture 
research and is also working toward his Ph.D; degree. Until this 
appointment he was assistant agronomist at the Texas Agricul- 
tural Experiment Station. Crystal City, Tex. 

■ ■ ■ ” ^^A^, 

A. W. Taylor left the University of \X’i.scoosin June 12 to re- 
turn to his duties in England where he is a member of the chem- 
istry dtT:>artment staff of Rothamsted Experimental Station at Har- 
penden. During his 9'inonth leave at the Uni\ ersity of Wisconsin 
soils department, he completed a study of the comptNitioir of .solu- 
tions in equilibrium with a number of soil samples from experi- 
rriental plots in Wiscon.sin. 

PERSONNEL SERVICE ■ ' ; 

The Personnel Service column is provided without charge to 
American Sodet^^ of Agronomy and Soil Science Society of America 
members. For all others, a charge of $2.00 is made, insertiems are 
limited to 100 words, and should be submitted in duplicate. An 
item will be inserted one time only, but will he given a key num- 
ber which will be carried for five additional insertions unless a 
discontinue order is received. Items pertaining to soils positions 
will be inserted one time in the SoU Sdau'e Soden of America 
Proceedings unless otherwise specified. The following insertions, 
published in earlier issue.s, are still available: I-L 2-L 2-2, 
2-3,M-L;:...4-2p.4~3. . ■ 7, ■. 


COMPLETE SET OF JOURNALS AVAILABLE 

The central office of the American Society of Agronomy has one 
complete set of the Agronomy Journal , Vols. 1-46 for, sale. The 
price is $12.00 per volume, the standard back number price. In- 
quiries may be directed to L. G. Month ey, executive secretary, 
American Society of Agronomyi 2702 Monroe St., Madison 5,, Wis. 

NEWS NOTES 

; ' John L, Sanders has been appointed sales manager of the 
; Chemjcal Division of the Mississippi River Fuel Corp., St. Louis, 
He had been, with the Spencer Chemical Co,, at Atlanta, Ga., 


POSITION WANTED 

Agronomist, M. S, in Agronomy, University of Riga and 
Academy of Agriculture, Jelgava, Latvia. Employed for past five 
( 5 ) years with State Seed lesting Laboratory as a .seed analyst. 
Prior work in Lariia, w'hich was disrupted by war activities, include 
one (1 ) year with Academy of Agriculture in fieUl cto]’> research 
and three (3) years with Latvia Department of Agriculture as 
Agent in charge of seed certification. Forty -five years old, married, 
one child. Has speaking and reading knowledge of English and 
German. Desires research, or a combination of research-teaching 
position, which offers a greater challenge for ability and training 
than does present pa.sition. 6-1, 
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THE VALUE OF READING SIGNS 


It is easy to see unthriftiness in plants; more difFicult to determine what is 
wrong. Yet many of the troubles due to starvation for various plant foods can 
be defined from characteristic symptoms displayed by the plant. For instance, 
white spotting of clover and alfalfa leaves, lodging and leaf firing of corn, 
darkened color and crinkling of potato leaves, cotton rust, leaf scorch of fruit 
trees, etc., are indicative that more potash is needed. Dissemination of such in- 
formation among growers furthers the value of the research work from which 
it resulted and paves the way toward corrective measures. 


AMERiCAN POTASH INSTITUTE, INC. 

1 1 02 Sixteenth Sf., N, W. Washington 6, D, C, 

Member Companies: American Potash & Chemical Corporation » Duval Sulphur & 
Potash Company ® Potash Company of America ® Southwest 
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The annual meetings of the American Society of Agronomy, the Crop Science Di- 
visions, and the Soil Science Society of America will be held Aug. 15-'19 at Davi.s, Calif. 
Meetings of the various divisions of the Societies will be held in buildings on and near 
the campus of the University of California College of Agriculture. Many special tours 
and programs are scheduled in conjunction with the Society meetings. 


These important sessions are open to all persons intere.sted in results of farm crop 
and soil research. Guests are welcome at all meetingl 


If you are a member of the American Society of Agronomy or the Soil Science So- 
ciety, please feel free to invite your friends and co-workers. 


Address your letter to 

AMERICAN SOCIETY OF AGRONOMY 
2702 Monroe Street 
Madison 5, Wisconsin 
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Random Versus Systematic Arrangements in Non-Latin 
Square Field Experiments^ 


S. C. Salnion- 


A RECENT review (2) of the literature on random and 
systematic arrangement of plots in field experiments 
led to the conclusion among others that the differences 
with respect to treatment and error variances are generally 
small, of doubtful statistical significance, and often of no 
practical importance. Comparisons, however, were limited 
to Latin Squares. Since the latter are seldom used in this 
country, a natural question is whether conclusions derived 
from them are applicable to the designs in common use. 
The study reported here was made to answer this question. 

MATERIALS AND METHODS 

Random and systematic arrangements were compared by super- 
imposing hypothetical experiments on yield data from uniformity 
trials in much the same way as was done by Tedin (3) exxept that 
Tedin’s study was limited to 5 by 3 Latin squares. The basic data 
were taken from 27 different sets of uniformity experiments with 
14 different crops reported by 11 agricultural experiment stations 
in the United States and Canada. These comprised nearly all pub- 
lished uniformity data from the Lhiited States and Canada. A total 
of 113 separate and distinct hypothetical experiments comprising 
a total of 7,135 plot yields were set up. Since the same land was 
used for more than i year in some cases, the total number of 
individual plots of land was 5,238. In these hypothetical experi- 
ments the number of "treatments" ranged from 10 to 48 and the 
number of plots of each from 2 to 4. These numbers are typical 
of those used in varietal trials, fertilizer comparisons, and cultural 
tests in this country. 

The size of plot varied from .single rows of a rod or le.ss in 
length to tenth-acre field plots. In a few cases very small original 
units were combined into larger units such as would be u.sed in 
actual trials. The crop, the location, the size of plots, the year in 
which the crop was grtnvn, the number of "treatments”, the num- 
ber of plots of each, and the author or authors are listed in table 1. 
The number of treatments to be compared and the number of plots 
of each (columns 3 and 4 of table 1) wxre determined somewhat 
arbitrarily. A very large number of different kinds of hypothetical 
experiments could be set up for any .set of uniformity data. In the 
present study these were determined so that (1) all or practically 
all plots would be included, the area used for each hypotheti- 
cal experiment would be as nearly a square as appeared to be 
feasible, and (3) the number of treatments and number of replica- 
tions would be within the limits of those commonly used in the 
LTnited States. 

For each hypothetical experiment the treatments were arranged 
at random and systematically. Tables of random numbers by Tip- 
pett (4) and by Cochran and Cox (1) were used for the random 
arrangements. Unlike the studies by Tedin, a .separate set of ran- 
dom numbers w’as u.sed for each replication of each experiment. 
Systematic arrangements were limited to those in which the repli- 
cated plots of each treatment wxre as uniformly and widely dis- 
tributed over the experimental area as was possible?. Such arrange- 
ments, like that illustrated in figure 1, are hereafter referred to as 
"good" .sy.stematic arrangements. 

The possible number of "good" systematic arrangements in any 
experiment for which data derived by analysis of variance will give 

^ Received for publication Oct. I, 1954. 

^Principal Agronomist, Field Crops Research Branch, A.R.S., 
U,S.D,A. 


different estimates of error is equal to f(r-— 1), where r is the 
number of replications. The number of "good" systematic arrange- 
ments that are diff'erent, in the sense that the error variance for 
each treatment (as contrasted with the average for all treatments 
as given by analysis of variance) may be different, is much larger. 
These, however, are not the concern of this paper and are not 
considered. For those experiments in which more than one "good" 
systematic arrangement is possible, the particular one chosen to be 
included in table 1 was selected at random from all possible 
arrangements. In .setting up both the random and systematic 
arrangements, no consideration \viis, given tc> the character of the 
variation until after all calculations had been made. 

EXPERIMENTAL RESULTS 

For each ’’experiment”, variances were calculated for 
“treatments” and for “error”. These were expressed as a 
percentage of the within replication variance and are here- 
after referred to as the expected variance. They are shown 
in table 1. 

Variances and ranges for each “experiment”, averages 
for each set of “experiments”, and the grand average for 
all are shown in table 1, Frequency distributions of the 
variances are shown in table 2. The first items of interest 
in table 1 are the estimates of error which average 101.1% 
of the expected for the random arrangement and llO.I^i) 
for the systematic arrangment, a difference of 9.0 ±: 2,1. 
This difference is highly significant which will, no doubt, 
be accepted by most people as showing that systematic 
arrangements do, in fact, lead to biased estimates of error. 

For reasons stated in a recent paper (3) many agrono- 
mists, it is believed, will be more interested in a comparison 
of the treatment variances. The averages for theije are 97.7 
and 80.0%/, respectively, for the random and systematic 
arrangements. This means that on the average about one- 
fourth more plots would be required in a random arrange- 
ment to assure as accurate a determination of mean yields 
as would be expected from ’’good” systematic arrange- 
ments on the fields from which these uniformity data were 
obtained. The range in mean yields of the individual treat- 
ments in each experiment averaged 1,5 cwt. per acre more 
for the random than for the sy.stematic arrangements, as 
would be expected in the light of the difference in the 
treatment variances. 

The differences between the treatment variances for 
random and systematic arrangements are much greater in 
some cases than in others. Especially interesting are the data 
for wheat in 1929 at the West Virginia Station. These com- 
prise 9 separate hypothetical experiments and a total of 432 
individual lOth-acre plots. The treatment variances aver- 
aged 61.5% of the expected as shown in table 1., There are 
43 possible "good” systematic arrangements for these 9 
experiments. The average of the 43 treatment variances 
(not shown in the table) is 63.2% of the expected. This 
means that if one had conducted a variety, fertilizer, or 
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Table 1 --Treatment aid error variances for randomly and systematically arranged plots in hypothetical held 


Crop, location, size of plots, 
and author 


Corn, West Virginia, 14 by 61 ft,, 
Garber, R. J. et el. (Jour. Amer. 
Soc. Agron. 23: 266-298. 1931) 


Ear corn, Montana, 23,5 by 817 ft., 
Harris, J, A. and C. S. Scofield 
(Jour. Agr, Res, 20:335-356, 1920) 


Wheat, West Virginia, 14 by 61 ft., 
Garber, R, J. et el, (Jour, Agr. 
Res. 33:255-268. 1926) 


Wheat, West Virginia, 14 by 61 ft., 
Garber, R, J. et el. (Jour. Amer. 
Soe. Agron . 23 :266-298 .1931) 


Wheat, Canada, 33 by 132 ft. and 
33 by 120 ft., Wyatt, F. A. 

(Sci. Agr. 7:248-256. 1927| 


Oats, West Virginia, 14 by 61 ft., 
Garber, R. J. et el. (Jour. Amer. 
Soc. Agron. 23:266-298. 1931) 


Oats, Nebraska, 5.5 by 264 ft., 
Kiesselbach, T. A. (Neb, Agr. Exp. 
Sta. Res. BuL 13. 1918) 


Oats, Montana, 23.5 by 317 ft., 
Harris, J. A. and C. S. Scofield 
(Jour Agr. Res. 20:335-366. 1920) 

Oats, Canada, 33 by 132 ft.; 33 by 
120 ft., Wyatt, P. A. (Sci. Agr. 
7:248-256. 1927) 


Barley, Montana, 23.5 by 817 ft., 

, Harris, J. A. and C. S. Scofield 
(Jour, Agr. Res. 20:335-356. 1920. 
- , . 36:15-40. 1927) 
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arrangement 


ineaii 

yields 

Treat- 


1 

1 

Treat- 


■ i 

Ran- 

System- 

ment 

Error j 

merit 

Error . 

dom 

atie 

% 


% 


% 


% 


cwt. 
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8.1 
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8 
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9 
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Tiiblc I. (CoiuinuetJ). ^Treatinent and error variances for randomly and systematically arranged plots in 

hypotheticai field experiments. 


Crop, location, .size of plots, 
and author 


Barley, California, 43.55 by 161 ft., 
Baker, G. S., et el. (Agron, Jour. 
, 44:267-270.19521 


Number 

of 


Random 

arrangement 


Systematic 

arrangement 


Range for 
mean yields 


Plots 

Treat- : 
ment 

Error 

Treat- 

ment 

Error 

Ran- 

dom 

System- 

atic 

No. 

% 

% 

% 

% 

cwt. 
per A. 

cwt. 
per A. 

3 

I 76.0 

112.0 

55.6 

122.2 

11.3 

11.7 

3 

85.2 

107.4 

57.1 

121.5 

4.3 

3.0 

3 

136.9 

81.6 

55.3 

122.3 

13.0 

7.0 

3 

53.6 

123.2 

47.9 

126.1 

4.0 

4.3 

3 

73.1 

113.5 

70.3 

114.8 

6,3 

5,7 

3 

42.4 

128.8 

72.4 

113.8 

2.7 

3.7 

3 

102.1 

99.0 

66.4 

116.8 

10.0 

9.0 

3 

50.2 

124.9 

151.1 

74.4 

2.0 

3.7 





Soybeans, West Virginia, 30 in, by 32 ft., 
Odland, T. E. and R, J. Garber 
(Jour. Amer. Soc. Agron, 20:93-108. 
1928) 


P<itatoes, Canada, 3 by 22 ft., 
Kalamkar, R. J. (Jour Agr. Sd. 
22:373-385. 1932'! 



Potatoes, New York, 34 in. by 72 ft.- 1909 34 

7 in., Lyon, T. Lyttleton (Proe. Amer. 34 

Soc. Agron, 3:89-114. 1911) 


Sugar beets, Montana, 23. 5 ft. by 317 
ft., Harris, J. A. and C. S. Scofield 
(Jour. Agr. Re.s, 20:335-356. 1920) 

Sugar beets, Minnesota, 22 in. by 33 ft. 
Immer, F. R. (Jour. Agr. Res. 

44:649 668. 1932 ) 


Silage Corn, Montana, 23.5 ft. by 317 
ft., Harris, J. A. and C. S. Scofield 
(Jour. Agr. Res. 20:335-356. 1920. 
36:15-40, 1927) 


Sorghum fodder Tgreen weight) Texas, 
40 in. by 82.5 ft,, Stephens, J. C. and 
H. N. Vinall f Jour. Agr. Res. 
37:629-646. 1928) 


Soybean hay, West Virginia, 30 in. by 
32 ft., Odland, T, E. and R. J. Garber 
(Jour. Amer. Soc. Agron. 20:93-108. 
1928} 

Bromegrass, broadcast (green weight), 
Iowa, 3.5 ft. by 16 ft., Wassom, C, E. 
and R. R. Kalton (Iowa Agr. Exp. 
Sta. Res. Bui. 396. 1953) 


1911 23 




33,9 28.7 
25.4 34,8 
73,1 81.3 


120.6 


;|1 . 

i 


' '8 1® ! 

S IS ' 

'r4«' 

i I 
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Table 1. (Continued), — ^Treatment and error variances for randomly and systematically arranged plots in 

.hypothetical held experiments. 


Crop, location, size of plots, 
and author 

Year 

Number 

of 

Random 

arrangement 

. ■ ■ 

SyvStematie 

arrangement 

Range for 
mean yields 

Treat- 

ments 

Plots 

Treat- 

ment 

Error 

Treat- 

ment 

Error 

Ran- 

dom 

System- 

atic 



No. 

No. 

% 

% 

% 

cz, 

■■ /o 

cwt. 

ewt. 









■per .A, 

per A. 

Bromegrass in rows (green weight), 

1950 

36 

3 

123.7 

88.1 

98.4 

100.8 

20.2 

20.0 

Iowa, 3.5 ft. by 16 ft., Wassom, C. E. 


36 

3 

79.0 

110. .5 

81.5 

109.3 

15.0 

16.3 

and R. R. Kalton (loc. cit.) 


36 

3 

98.2 

100.9 

94.3 

102.8 

20.5 

21,3 





100.3 

99.8 

91,4 

104.3 

18.6 

19.2 

Bromegrass and Alfalfa (green weight), 

1951 

36 

3 

100.1 

99.9 

88.8 

105.6 

25.4 

30.9 

Iowa, 3.5 ft. by 16 ft., Wassom, C. E. 


36 

3 

131.0 

84,5 

89. .3 

105.3 

23.9 

19,7 

and R. R. Kaiton (loc, cit.) 


36 

3 

101.0 

99.. 3 

90.1 

103.0 

29.0 

26.7 





110.7 

94.6 

89.5 

105.3 

26.1 

25.8 

Oat hay, West Virginia, 14 by 61 ft., 

1923 

■ 23 

4 

86.8 

104.4 

51.5 

116.2 

5.2 

3.6' 

Garber, R, J. et el. (Jour. Agr. 


22 

4 

84.9 

105.1 

52.9 

Ua.T 

.8.5 

8.5 

Res. 33:255--268. 1926) 


13 

3 

107.4 

96.3 

66.1 

117.0 

3.4 

3.0 





93.0 

101.9 

56.8 

116.3 

5.7 

5.0 

Alfalfa, Montana, 23.5 ft. by 317 ft., 

1912 

23 

*> 

122.4 

77.6 

62.9 

137,1 

9.1 

5.9 

Harris, J. A. and C. S. Scofield 

1913 

23 

'2 

121 .3 

78,7 

49.9 

150., 1 

.5.3 

4:i ■ 

(Jour, Agr. Res. 20:335-356, 1920. 

1918 

23 

2_ 

110.8 

89.2 

114.6 

8.5.4 

■ 7.3 

■9,4 

36:16-40.1927) 

1914 

23 

2 

140.9 

59,1 

73.9 

126.2 ■ 

8". 2 ' 

6,1 


1914 

23 

_2 

87.4 

112.6 

127.1 

72.9 

9.9 

14.1 


1914 

23 

■ ' 2 

83.3 

116.8 

76.2. 

123.8 

■7.3 

.8..2 : 


1922 

23 

' i 

118.6 

81.5 

128.8 

71.2 

9.9 

12.9 


1923 

23 

■ 2 ■ 

v80.6 

119.4 

102.5 

97.6 

9.9 

11.7 


1923 

23 

' 2 . 

83.4 

116.6 

117.7 

■ 82.3' 

5,9 

8.2 


1924 

23 

2 

104.6 

95.4 

112.1 

■ 87.9 

15.8 

14.0 


1924 

23 

‘> 

103.4 

96.6 

106.5 

93.6 i 

7.0 

I" 7.0 





105.2 

94.9 i 

97.5 

102.6 . 

1 8.7 

' ■ 9,2 

Peanuts, Alabama, 3 by 16.7 ft., 

: 1946 

18 

3 

99.5 

100.2 j 

. 77.7 

lll.l 1 

7.0 

6.7 

Bancroft, C. A. et el. (Ala. Agr. Exp. 


18 

3 

62.9 

118.6 ! 

72.3 

113.8 i 

i 5.8 

6.7 

Sta. Progress Report Ser. 39. 1948) 


18 

3 

60.9 

119.6 1 

56.9 

121.5 1 

! 6.1 

4.1 



18 

3' 

59.1 

120.4 1 

66,9 

■ 116.6 1 

. 5.5 

■ 6.8 





70,6 

1 114.7 ^ 

i ■ 1 

68.5 

■ 1X5.8; 

6.1 

6.1 

Peanuts, North Carolina, 3 b5^ 12.5 ft., 

1939 

36 

3 

127.4 

86.8 i 

67,4 

116.3 ^ 

' .8.0. ■ 

6', 7 

Robinson, H, F. et el. (No. Car, 


36 

3 

139.6 

80.2' < 

103.0 

98.5 i 

■■10.8' 

,8.2 

Agr. Exp. Sta. Tech BuL 86. 1948) 


36 

^ 3' ■ 

99.8 

100. 1 

81.0 

109.5 

5,4 

5 . 6 



36 

3 

; 73.7 

113.1 

88,0 

106.0 ' 

.,■ '6.8 ■ 

■ 8. '5 



36 

, 3 • 

115.4 

94.9 

81 .0 

106,4 

■ ' 7,5.. 

■■ 8.7 : 





111.2 

94,9 

84.1 

: ■107,3.. ^ 

, ,:.7.7- 1 

7..5;^' 

Peanuts, North Carolina, 3 by 12.5 ft.j 

1940 

i ^ ^36''' 

3 

126.4 

86:8 

78.3 

110.8 

13.0 

^ 9.3 ■ ' 

Robinson, H. F. et el. (loc. cit.) 



3 

99.5 

100.2 

106.6 

96.7 

9.3 

8.0 



; 36 

■ ^ ■ 

87,5 i 

106.3 

70.9 

114.6 

9.1 

:■ 8.8 




3 

122.6 

88.7 

66.5 

116.8 

8 . 7 ■ 

6.1 



36 

3 

75.7 

108.1 

140.4 

' ,86.5. ;■ 

6.9 

' 8.1;. 


! ■■ ■ ' 



102.3 

98.0 

92.5 

105.1 

9.4 

■',8.1 

Grand average . „ . 

:..'V i 


— 

97.7 

101.1 

80.0 

110,1 

16.1 

■ '14'.6: 


sirailaf test with wheat on this particular field in 1929 with 81.9Li: of the expected. Treatnient variances for oats in 

plots arranged at random, roughly one-third more plots 1928 also grown on this field are substantially the same as 

would have been required to determine yields with the same the over-ail averages for all trials, 

degree of accuracy as would be expected from good sys- There are only a few cases in which the treatment vari- 

tematic arrangements. ances equal or exceed the expected and for these the num- 

hor corn on this same area 2 years previously the average her of experiments and of plots involved is relatively small, 

treatment variance for the systematic arrangements shown In other words the tendency toward smaller treatment vari- 

m table 1 ^is 69.4% of the expected and the average for all ances for systematically arranged experiments is not limited 

possible good systematic arrangements (Nrr42) is to particular crops or locations. 
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Table 2.--^Frequency distribution of the variances shown 
in table L 



Pprppntairp nf 

Random 

Systematic 



expected 

Treat- 

ments 

Error 

Treat- 

ments 

Error 

10 

1- 

- 20 

.0. : 





20 

1- 

- 30 

.0. - . . 

__ ■ 



1 


30 

L 

~ 40 

. . , 

— 



4 


40 

1- 

- 50 

0 

3 



10 


50 

1- 

- 60 

0-. 

7 

2 

17 

_ 

60 

1- 

- 70 

0 

11 


16 

1 

70 

1- 

- SO 

0„ 

10 

8 

13 

4 

80, 

1- 

- 90 

0 , „ 

14 

13 

17 

8 

90, 

1- 

-100 

0 

17 

28 

6 

16 

100. 

1- 

-no 

0-. 

16 

28 

11 

22 

110. 

.1- 

-120 

o..„ 

9 

25 

7 

35 

120. 

,1- 

-130 

0 

12 

8 

4 

17 

130. 

.1- 

-140 

0- 

6 

1 

4 

4 

140. 

. 1 - 

-150. 



4 



1 

■ 2 

150. 

,1- 

-160. 

,()..■ 

1 



1 

4 

160. 

,1- 

-170. 

,0 

■ 3 

— 

1 






113 

113 

113 

113 


Examination of the original yield data revealed that, for 
those experiments in which treatment variances were sub- 
stantially less than the expected, there appeared to be a 
definite trend in productivity in one or more of the repli- 
cated series of plots. This is illustrated in figure 1 in which 
the yields of wheat in 1929 are charted for each individual 
plot of one of the hypothetical experiments based on uni- 
formity data at the West Virginia Station. The letters indi- 
cate the systematic arrangement used in this particular case 
for the data in table 1. It will be noted that in each series 
of plots there is a definite downward trend in yield from 
left to right. With a *’good’‘ systematic arrangement such 
as here indicated, each treatment shares about equally in the 
low, medium, and high producing areas. Thus treatment B 
is represented by a plot in a high producing area in the 
first scries, by another in a low' producing area in the second 
series, and by two plots in medium productive areas in 
series 3 and 4. The same is substantially true for the other 
treatments. It foIlow's that treatment variances are less and 
mean yields are more accurately determined than would be 
expected from random arrangements. 

The potato data from Canada reported by Kalamkar 
alford an interesting example. The area from which the 
uniformity data were obtained w'as approximately 132 by 
288 feet w'ith rows of potatoes across the strip. Each row' 
was harvested in 6 sections each 22 feet long. Hypothetical 
experiments w'ere set up for each quarter of the experi- 
mental strip each comprising an area of about 66 by 144 
feet. The average treatment variance for all possible "good'’ 
systematic arrangements for the two experiments at one 
end of the strip was 36.1 and for the other 1093% of 
the expected. In the first case there was a definite trend in 
productivity from one end of each series to the other; in 
the latter there w^as not. 


Fig. L— yields of wheat and systematic arrangement of plots for a 
hypothetical experiment with wheat based on unifomity data 
from the West Virginia Agricultural Experiment Station in 
1929. Letters A. B — L indicate individual treatments. The treat- 
ment variance far this particular arrangement was 39-8% of the 
expected value, and the average for all {X)ssible ‘good*" sys- 
tematic arrangements for this experiment was 35.5%). For wheat 
on this particular block of land in 1929 nearly 3 times as many 
plots would be required if randomly arranged to assure means 
as accurately determined as would be expected from "good” 
systematic arrangements. 


even more difficult than previously supposed to justify the 
use of random arrangements for all field experiments. This 
w'ould seem to apply especially to field plot experiments on 
land where a trend in yield from one end of a replication 
to the other is expected. Since the relative advantages and 
disadvantages of systematic and random arrangements have 
been discussed in another paper (2) it seems unnecessary 
to repeat them here. 

Many agronomists will no doubt hesitate to use plot 
arrangements that do not assure a reliable estimate of error, 
and it is true of course that estimates of error may be seri- 
ously vitiated by any systematic arrangement. It is then a 
question of which is more important — dependable estimates 
of error or an accurate determination of means. In this con- 
nection, it seems significant that the distribution of errors 
from the systematic arrangement (table 2) is substantially 
the same as for the random arrangements but the errors are 
at a higher level. This being so, odds of something less 


DISCUSSION 


It appears from the data presented in this paper that the 
advantages of "good" systematic arrangements in relation 
to the accuracy of the means are somewhat greater than 
previously published data indicated, and that it would be 
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than 19 to i and 99 to 1 for systematic arrangements might 
be accepted as indicating statistical significance, or the cal» 
ciliated error variances might be reduced by say I Of f , before 
significance tests are niade. This latter seems justified by 
the fact that the extensive data published by Tedin as well 
as the data presented in this paper indicate that, on the 
average, error variances from ' good” systematic arrange- 
ments may be expected to be higher than from random 
arrangements by about 10%. An easy and convenient way 
to achieve the same result would be to accept odds at the 
S%i and 2% levels respectively instead of at the conven- 
tional 5%' and 1% levels as indicating statistically sig- 
nificant differences. 

It should be recognized of course that the empirical data 
mentioned above are the only justification for this proce- 
dure. The fact that the data are extensive and that the dis- 
tribution of error variances from "good” systematic arrange- 


ments is substantially normal suggests that such treatment 
would not lead to any serious misinterpretation of experi- 
mental data. Even so as previously suggested, random 
arrangements may be preferred for those situations where 
the iWd for a completely reliable estimate of error out- 
weighs all other considerations. 

LITERATURE CITED 

1. CocHKAK, W. G. and Cox, GEirriUJDr M. Experimental de- 

signs. pp. 128-410. John Wiley & Sons, New York. 1950. 

2. Salmon, S. C. Random versus systeiiiatic arrangement of field 

plots. Agrun. jour. 15 :459"a02. 1953. 

3. Tedin, Olaf. The induence of systematic plot arrangement 

upon the estimate of error in fie Id experiments. Jour. Agr. 
Sci. 21:191-208. 1931. 

~i. Tifpett, L. H. C. Random sampling numbers. Tracts for com- 
puters XV. Cambridge University Press, I92“. 


Papers Presented Before Division XIII, Agronomic Education, 
American Society of Agronomy, St. Paul, Minnesota, 
November 8 to 12, 1954 


RE-EVALUATION OF EXTRA- 
CURRICULAR ACTIVITIES* 

John D, Pendleton- 

A PSYGHOLOGICAL barrier lies astride the American 
eoilege system of education. It haU arisen from all the 
attitudes and the environment that allow extra-curricular 
activities to outweigh academic accomplishment in impor- 
ance and esteem. It is adversely affecting the ability of many 
students to determine what is significant in education and 
life careers. 

American colleges and universities have taken great pride 
in the product of their educational systems. The character- 
istics most hoped for in this product w-cre social adjust- 
ment and sense of responsibility, a w^ell-rounded training 
including leadership training, and the "gift of gab.” 
George F. Babbitt, the characterization of the American 
businessman by Sinclair Lewis, stands as a memorial. To 
realize this masterpiece, our institutions have emphasized 
the importance of extra-curricular activities — student gov- 
ernment, clubs, fraternities, football fetish (as player or 
onlooker), dances, and bull sessions for the other fellow’s 
point of view. 

Reprdiess of the forces that erected it, the barrier now 
constitutes a self-sustaining philosophy, and students hew 
to it mightily. But like a rapidly rotating flywheel of ever 
increasing momentum, it has arrived at the speed of disin- 
tegration, Symptoms of its fragmentation can be seen in 
widely different sections of the United States. As reflected 

, /Received for publication Dec. 11, 1954. 

.j/ ® Professor of Agronomy, Virginia Polytechnic Institute. 
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in the students’ judgment of wJiat is worthwhile, some of 
the symptoms are as followcs: 

fj) Small attendance at convocations featuring dis- 
tinguished speakers. 

(2/ Lack of participation in religious groups by a 
majority of the mo.st able students, alongside 
vigorous social activity. While "religious empha- 
sis week” (of ail denominations) is observed on 
many campuses, atloption of this [iractice also by 
some curricuium groups appears to he an attempt 
to place religion and profession in the same cate- 
gory on a competitive basis. 

(3,) Inadecjuate .support for groups which at one time 
were the strongest student organizations. The 
success of the chilxs depends on too few students 
whose accomplishments, both in the dub and in 
the classroom, suffer accordingly. 

(4 j. Readiness of a peripheral group to start a new 
dub, publication, conference, or exposition, while 
a deserving activity already organized flounders 
for lack of support. 

(3) Aberrations, such as "panty raids" would appear 
to be related to the general immaturity that pre- 
vails at times. 

To some degree, at least, these symptoms are results of 
the emphasis on becoming w^ell-roundcd and socially ad- 
justed — emphasis on extra-curricular activities. 

Undergraduate Agronomy Clubs, which are urged to 
send delegates to the national meetings of the Society, are 
themselves testimonials of the esteem in which extra- 
airricuiar activities are held. Crop and livestock judging 
teams travel far and wide during the school year also. Such 
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experience is, of course, most valuable even as professional 
training, but it must be weighed constantly against the time 
which it requires away from studies. 

The high esteem for extra-curricular activities is not 
limited to college campuses. It is a well-recogni 2 ed attitude 
today in business and professions. Many employers*^ regard 
participation in these activities, rather than academic zeal, 
as a criterion of a well-rounded personality and social 
adjustability. The success of the "bookworm” in business 
or the professions is not being discussed here, but it is clear 
that depreciation of academic accomplishment has already 
discouraged many college students from fully utilizing 
their time and resources for study. It has most certainly 
encouraged many indolent students to loiter through their 
golden opportunities, and it has unquestionably retarded 
their maturity, 

American colleges have certainly turned out many 
"Babbitts” who are not very mature. Some Ralph Waldo 
Emersons have crossed the portals. Emerson, rather than 
Babbitt, was the champion of the individual freedom and 
self-reliance that we profess to admire. The psychological 
barrier erected by emphasis on the extra-curricular has 
obscured the objective of determining what to admire. 

Pragmatism, or the reliance on "common sense” and trial 
and error, has become the sole guide in making decisions 
in most walks of life. This attitude is very tightly bound up; 
with the attitude toward the extra-curricular. We attach 
relatively little importance to historical experiences and set 
out to soIn'c our problems by trial and error. Quoting John 
Dewey (1) "Faith was once universally thought to be 
acceptance of a definite body of intellectual principles, 
acceptance being based upon authority— preferably that of 
revelation from on high. Faith in its newer sense signifies 
that experience itself is the sole ultimate authority.” Janies 
A. Pike, Dean of Saint John’s in New York City says "the 
best way to have belief in God is to start living as though 
He exists” (2). There is in all of this philosophy the impli- 
cation that a start from practically anywhere can be made, 
and smooth sailing can be had forever afterwards by experi- 
mentation. This emphasis on learning-by-doing practically 
discards the valuable experiences and great accomplishments 
of the past. It eliminates the need for each individuars 
sharpening his mind and judgment by greater and more 
mmierous experiences than can be had personally, in one 
life time. It erects a psychological barrier to ' ' diggi ng’ ’ for 
understanding. 

Some consequences of this reliance on experience (extra- 
curricular activities, bull sessions) as the ultimate standard 
can be seen in public servants. Deep roots in the purged 
experiences of the past are not generally considered neces- 
sary. According to Joseph and Stewart Alsop, political com- 
mentators, "(Senator) Fulbright is interesting in another 
way, He is a senator who reads— an eccentricity he shares 
only with Douglas, Duff, and a few others”^. Where are 
our roots in the past, if not in the Senate? James Reston*''' 
compared the debates in Congress in the 1830*s on the rela- 
tions between Greece and Turkey with the 1947 debates on 


® New York Times (news articie on St. John's College Confer- 
ence) p. 82 LK. Oct. 25, :I953. 

^^New York Herald Tribune. "Fulbright’s Fight with McCarthy" 
by Joseph and Stewart Alsop. 1954. . 

New York Times, "The Decline of Eloquence in the Congress/* 
editorial page, Jan, 31, 1954. 


the then current Greek-Turkish relations. "The first are 
dignified and elocjuent, the argument marching from prin- 
ciple through illustration to conclusion; the second (com- 
prises) a dreary garble of debating points full of irrele- 
vances.” 

In general, extra-curricular activities in. college are moti- 
vated to too great an extent by the same pragmatism or 
experimentaiism that is of so great importance in many 
walks of life outside college. Furthermore, the attitude 
that extra-curricular activity is more important, or even as 
important, as subject matter is basically wrong, and deprives 
students of the moral support and encouragement they need 
to get down and really "dig”. 

Attending a curricular club meeting might be revealing 
as to the inspiration and training that students are encour- 
aged to think they especially need for careers after leaving 
college. It will certainly reveal considerable argumentation 
in which opinion is given greater importance than reason. 
This possibly could be regarded as valuable experience. 
However, such experience is comparable to that of a would- 
be farmer who gets started farming today with no knowl- 
edge of the proper use or even existence of fertilizers. The 
students carrying on the business of a club need to have an 
interest in and some knowledge of, the social, political, and 
economic experiences of groups of all sizes from families 
to nations to give them experience in working with groups. 
They need an understanding of the individual, and espe- 
cially they need a perspective of the ideal. They will not 
get all they need as so many hope they can, and even 
believe they do, in a psychology class. 

To say that subject matter is more important than extra- 
curricular activity is not to say that extra-curricular activity 
is not important. It can have great importance in its effect 
bn thQ esprit de corps o{ Xht student body, giving the stu- 
dent a closer knit feeling of fellowship and a sense of 
belonging. But college is not the last chance anyone will 
have to develop a proper degree of extroversion. Certainly, 
curricular clubs do not need but one president or one vice- 
president at a time. Needless to say, they do not even need 
one president at a time unless there is a good number of 
responsible members in each. There is a vast amount of 
patience and understanding and will to serve involved in 
being a responsible member. Most of such "responsible” 
members are certainly qualified to be president. Such a 
state of affairs is almost certain to to ‘Si\ esprit de corps 
for the club and the institution. It should be excellent 
experience for the student. But we should not start out 
with these as the principal objectives and extoll the club or 
any extra-curricular activity above the work for which the 
college was founded. By so doing, we have built the 
.■barrier. ■ 

Maturity is universally recognized — by colleges and em- 
ployers alike — as a primary requisite of a graduate, despite 
disagreement as to the means for nurturing it. At a confer- 
ence at Virginia Polytechnic Institute in April 1954, W. C. 
Frederick, a production engineer for the General Motors 
Corp., said an ambitious young graduate needs to "stop for 
a minute and consider whether he has acquired mature 
judgment. Experience has shown it takes at least 5 years 
of various work assignments before a graduate has enough 
experience to be a successful supervisor or designer.” Thus, 
it .should be expected that the graduate will require some 
further training — even leadership training. It should be as 
easy to give to a graduate some training in leadership as in 
technical phases of industry or of agriculture. 
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All undergraduate students need to get on with acc|uiring 
niature judgment, which is concerned not only with super- 
vising and designing. At the same V.P.L conference. Dr. 
George Perkins of the Reynolds Metals Company, (Louis- 
ville, Ky.) said that *’the engineer must be more than a 
technical tool. His responsibilities to society demand that 
he interpret his work in terms of the society it will affect, 
and he must actively participate in the administration, con- 
trol, and effective utilization of the fruits of his technical 
prowess."’ The patience which Mr. Frederick suggests and 
the philosophical analysis of technology’s effect on society 
recommended by Dr. Perkins cannot be attained solely or 
even chiefly by ambitious participation in extra-curricular 
activities. Patience and understanding could perhaps best 
be acquired by studying philosophy or interrelationships, 
and by disciplining the mind with concentrated application. 
Plato has Socrates say (3) ”Now^ when he is in this state 
of mind, (full of boundless aspirations and fancying him- 
self able to manage the affairs of Hellenes and barbarians ) 
if some one gently comes to him and tells him that he is a 
fool and must get understanding, which can only be got 
by slaving for it, do you think that, under such adverse 
circumstances, he will be easily induced to listen?” The 
getting of understanding only by slaving for it is, of course, 
the point that needs to be emphasized. Patience and under- 
standing are integral parts of leadership. 

Getting the proper perspective of extra-curricular activ- 
ities is especially important at this particular time w^hen, 
apparently, wx" are at a turning point of the pendulum 
swinging from collectivism toward individualism. Encour- 
aging the development of a more profound outlook in the 
individual offers a great opportunity to, and indeed is, an 
imperative responsibility of our colleges and universities. 
Many signs point to the trend to individualism in the 
United States, if not in the rest of the world. In 1931, 
H. G. Wells (4) wrote "Personality, individualit)’’, is a bio- 
logical device which has served its end in evolution and will 
decline. A consciousness of something greater than our- 
selves— the immortal soul of the race is taking control of 
the direction of our lives.” 

Wells was an Englishman, but the sentiment he was 
expressing has had a strong influence even in America. 
What he said is the essence of an ideal collectivism. That 
such an ideal collectivism is impossible has many times 
been demonstrated. It should be obvious that what we can 
do for society depends first on what we can do with our- 
selves. 

The individualism which motivated men like Carnegie 
and Vanderbilt and the capitalists of the British Industrial 
Revolution and others of that era, is now being appreciated 
for its true w^orth; and the developments of that era which 
so vastly improved the life of the common man are now 
being seen in a new light. 

Yet, as the pendulimi swings toward cultivation of the 
individual, we must strive to produce a type of individual 
nearer Jefferson and Emerson, than Babbitt. If we are to 
have a constructive and enlightened individualism rather 
than a predatory and vacillating one, we must place the 
greater emphasis on the matters of greater importance. We 


need a type whose roots grow deeply, taking the thinking 
of the pa.st that stands up under careful .study. This includes 
a development of a questioning alertness. A system of study 
to develop these characteristics shoiiid cover a great span of 
thinkers. More than aggressive leadership and participation 
in extra-curricular activities in colleges is required as 
training for leadership after coliege. 

What is being done to remove this psychological barrier? 
The University of Chicago** embarked on a program for 
individual development in 1931. In 1942, this program 
was expanded. Aside from putting the greatest emphasis 
on scholastic achievement, Chicago instituted comprehen- 
sive examinations to replace course credit, and has adopted 
integrated courses of 1 year to 3 years in length. Also 
called for are selected readings and syllabi as course mate- 
rials, teaching by the discussion method in small classes, 
and voluntary class attendance. 

Modifications of programs at Harvard, Golumbia, and 
Princeton Univefsities, and other institutions change the 
free elective system and sometimes practically eliminate it 
to insure more fundamental instruction. 

In September 1933. Yale University issued a report call- 
ing attention to "student immaturity as evidenced by over- 
emphasis on extra-curricular activities.” A large community 
of students works in an environment where academic work 
is held less important than .sports and college publications. 
A majority of the students puts second things first, yale's 
newly stated objective according to last year’s report is to 
fit men to render decisions on complicated problems and to 
state such decisions coherently and precisely. In seeking to 
accomplish this, a greater responsibility would be handed 
the student. Gompulsory attendance at classes and other 
regulations in connection with lectures would be eliminated. 
It would be the student’s own concern to get what he should 
receive from his college experience. 

A start has been made towards getting academic pur- 
suits and extra-curricular activities In the right perspective. 
It should be dearly cvKlent that college cannot do all things 
for all people. Equal emphasis canm^t be given ail areas. 
Something must be singled out. Should it not be the most 
universally significant? Should it not ser\e as a starting 
point and stimulus to continuing growth? I’he "mind- 
block” to greater technical, sociological economic, and 
political achievement by college students after graduation 
can be removed by putting first emphasis on the quest in 
college for great ideas and relationships. 
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CAN TEACHERS BE EVALUATED?^- 
Darrel S. Metcalfe" 

TT IS unnecessary to elaborate on the importance of high 
A quality teaching. The fact is undeniable that the speed 
with which a society progresses and the effectiveness with 
which a country solves its social and economic problems are 
influenced to a great extent by the quality of its college 
teaching. 

But something has happened in our educational system. 
Teaching today lacks prestige. In some groups the very word 
"teaching” suggests inferiority on the part of an individual. 
There seems to be some agreement with the inaccurate 
epigram, ”He who can does, he who cannot teaches.” 

The Teaching Problem 

Apparently there is some dissatisfaction among college 
teachers and a real concern about their profession. It is not 
uncommon to hear teachers express discontent, discourage- 
ment, or apathy; they believe that resident teaching does 
not get recognition on a par with research. 

It is difficult to make a comparison between teaching and 
research on the basis of salaries paid, however, because of 
the differences in age, experience, tenure, and academic 
rank. There are those who insist that no valid comparison 
can be made; that research workers and teachers often are 
of different types, perform different functions, and that 
there is a different demand and supply situation so that they 
cannot be compared on the basis of salary scale. 

A comparison of the relative salary, rank, and recognition 
given to resident teaching and to research personnel is not 
easy. Data obtained from a questionnaire sent to all Agron- 
omy Department heads in our Land Grant Colleges and 
Universities indicate that there is a difference in top salaries 
paid to research men and to teachers but that the difference 
is not as great as is frequently believed (5). Other data 
indicate that the salaries of teachers and researchers are 
about equal up to the rank of associate professor. At the 
rank of associate professor and professor the salaries of 
research men are slightly higher than those of teachers. The 
men regarded as most valuable, and consequently the 
highest paid, are those good in both research and teaching 

O')* ■ ' " . 

The thought often is expressed that teachers do not ad- 
vance as far in the academic world as research men because 
they do not continue "to grow.” Perhaps this is true, and 
perhaps the teachers themselves are at fault. On the other 
hand, this might be true because they are not given the 
encouragement and recognition accorded those in research. 

Perhaps it is but natural that, in the past, more emphasis 
has been placed on research than on teaching. The Amer- 
ican desire to change things, speed up progress, and the 
American faith in the all-inclusive problem-solving benefits 
of science, leads to an intensity of efforts in research in 
Land Grant Colleges. 

A considerable number of college staff members regard 
teaching as a necessary evil to the extent that it interferes 

^Contribution from the Agronomy Department. Iowa State Col- 
lege. Ames. Iowa. Journal Paper No. J-2684 of the Iowa Agricul- 
tural Experiment Station, Ames, Iowa. Received for publication 
Jan. 8, ^ 

“Associate Professor of Farm Crops, Agronomy Department, 
Iowa State College. 
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with research and writing. The reason for thus probably is i- 

their belief that good teaching is not likely to be recognffied * 

and rewarded to the same degree as good research. 

When instructors are selected for college teaching, the 
emphasis is put too often upon research, and relatively ; 

small attention is given to the quality of teaching which ' 

the prospective candidates have demonstrated. 

It has been said repeatedly that teaching cannot be evalu- 
ated as readily as research. Perhaps this is true, perhaps not. 

In the past several years many studies have been made and 
a considerable amount of opinion offered on the question 
of teacher evaluation. 

Evaluation Difficult 

The evaluation of a teacher’s work is difficult in that 
there is not good agreement as to the results desired from 
instruction nor is there a reliable means of measuring these 
results. Before any attempt is made to evaluate, the objec- 
tives should be clarified. We need to have a clearer concep- 
tion of the aims and the nature of higher education. It 
must be recognized, however, that any objectives listed can 
be only opinions; they would not have the approval of 
everyone. 

Objectives in education vary from the general to the 
specific, from the professional to the personal, and from 
the ultimate to the immediate. Some insist that the chief I 

objective in education should be to uphold national integ- 
rity. Others are concerned with ideals of culture and the 
better life and maintain that spiritual development and har- 
mony are the true objectives; that the "whole” man should 
be developed rather than a specialized producer. To some, 
the objective should be to teach the students the answers 
to a thousand questions. But in contrast, some educators 
insist that the primary purpose of a college is to develop 
the thinking power of a student and that the student’s mind j 

should be treated more as a workshop than as a storehouse. j 

In the process, the student becomes a different, more effec- j 

tive, more useful, and happier person than he might other- 
wise have been. This objective is achieved when the student j 

develops his intrinsic ability to perform in a creditable | 

manner the work he wants to do and to integrate through | 

service his life to those of the other members of his com- 
munity, state, and nation (3). 

Education must help students to help themselves, each 
with his particular qualities and his family, and neighbor- j 

hood background; and his own inherited and acquired ' 

philosophy, in whatever particular future may be his (4 ) . 

Garnet’s statement ”The best teacher is the one who ,! 

kindles an inner fire, arouses moral enthusiasm, inspires 
the student with a vision of what he may become, and re- I 

veals the worth and permanency of moral and spiritual and i 

cultural values,” wall be recognized by many as wmrthy of I 

careful consideration. | 

Just as there appears to be no definite agreement upon 
objectives in education, to say nothing of reliable means ! 

of evaluating them, there appears to be the same problem j 

in evaluating teachers. | 

Everyone has his own opinion as to who h and who A ; 

not a good teacher. Some 50 or more characteristics could j 

be listed to evaluate a teacher. There are many such lists j 

available, all interesting, none final. For example, 15 traits | 

of teachers were considered highly important by at least a i 

majority of the presidents of 419 liberal arts colleges; they ' 
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are listed itt the order of their relative iniportance as evaiii- 
ated by these executives (6) . 

1. Inspires students to think for themselves and to express 
their own ideas. 

2. Is emotionally stable and mature. 

3. Organizes material and prepares carefully for each class 
meeting. 

4. Is friendly, democratic, tolerant and helpful in his rela- 
tion with students. 

5. Understands the problems most often met by college stu- 
dents, 

6. His behavior reflects his ideals. 

7. Takes broad rather than departmental views of educational 
problems. 

8. Teaches students to take responsibility for planning and 
checking their own progress. 

9. Shows active interest in continued professional study. 

H). Has an infectious enthusiasm for teaching, that inspires 
students. 

H. Has demonstrated skills in methods of instruction appro- 


Teacher mtiiig forms nmy be forma! and may ask the 
student to rate on the basis of 1 to 10 such items as: (1) . 

Assignments; Presentation of objectives of course; t 

(3) Preparation for class meetings; (4J Ability to arouse I 

interest; A5J Ability to interpret and clarify ideas; (6) ( 

Thinking reepired; (7) Quality of work reepired; j, 

fS) Examinations and grading; Willingness to help; | 

YiOj Fluency and enunciation; (11) Tolerant and progres- [ 

sive attitude; and (12) Objectionable mannerisms. j 

It must be recognized that a formal rating scale cannot | 

fully measure certain human relations which exist in the [ 

classroom. 

Student opinions at the time a course is given are valu- I 

able. Students should be told they are not being asked to ; 

sit in judgment of their teachers but, instead, to give a fair ] 

and honest rating so that the teacher may improve his | 

teaching,' 



priate to hiii fkici, 

12. Regards himself primarily as a college /mAcf rather than 
as a .subject matter specialist. 

13. Has successfully taught his .subject in college. 

14. Academic record in .special field unusually high. 

15. Has a congenial personality and a sense of humor. 

In addition to his classroom record, a teacher should be 
evaluated also on his other contributions to an institution; 
his research ability, his ability to work with others, his 
extra-curricular activities, and his ability to promote good 
public relations. 

Some assume that it is a comparatively simple matter to 
evaluate research workers — according to their contributions 
in the field of research, the quality of their writings, or 
merely by the total number of their papers per year. It is 
as.sumed, on the other hand, that there is no way to rate 
teachers. 

But teachers are rated; there is no way to avoid rating 
them. When a new teacher is employed, when he is pro- 
moted, his salary increased, or he is assigned to important 
committees, he is rated. The question is not whether teach- 
ers shall be rated, but instead how the rating can best be 
done (2). Are there recognized systematic methods which 
can be used to evaluate teachers.^ The material written on 
methods of teacher evaluation is voluminous. 


Some teachers resent teacher rating scales : the majority i 

of the better teachers like them. In some schools only the 
teacher being rated receives the results, which he uses for : 

seif improvement. In other schoois, the ratings are evalu- 
ated, and the results given not only to the teacher but also i 

to the department head, who in turn passes the results on | 

to .the dean. ■ . | 

Some schools use a course evaluation scale instead of a | 

teacher rating' scale. ■ Here the teacher is not rated on' such, , ''J; 

a personal basis. This often is preferred by the teacher whi) I 

tends to be a sensitive individual ^ ? 

There are other less forma! methods of teacher rati ng. | 

For example, a student may be given a .sheet of paper at I 

the end of a course and asked to comment on such ques- j 

tions as: Would you recommend this course to your best I 

friend? What personal C|ualities of the teacher did you 
appreciate most. ^ How do you rate the course relative to 
similaiY courses you have taken? How could the teacher | 

improve this course? Voluntary evaluation also may be f 

solicited about a course without guide questions. I 

Student reaction also may be obtained informally by in- i 

teiTogation or by conference vyith .students at the close of \ 

the course. Student interrogation should be used with • 

caution since .students who are most willing to point out t 

deficiencies in their teachers might be 'lst>re heads’' while ; 


Evaluation Methods 


the students whose opinions might be worth something 
might be more hesitant to criticize. 


Student opinions , — Teachers have been formally rated by 
college students for the last 25 or more years. Whether 
valuable or not, the idea of student rating is popular in 
collegiate thinking. Many teachers and students believe the 
formal teacher rating scale is the most reliable evaluation 
method. They believe the ewiluation form to be the best 
barometer to register student reaction to methods and tech- 
niques used, activities provided, the degree to which course 
objectives were reached, and the personal qualifications of 
a teacher. 

Although student opinions may be biased and unfair, 
usually they are not. Always these opinions are important. 
There are those who believe that a teacher rating scale has 
merit but that it must be used with extreme care; that a 
young student may not be able to differentiate between a 
good teacher and an entertaining lecturer. Some are con- 
vinced that a teacher rating scale can only measure a teach- 
er's popularity, and that popularity is not a good measure 
of teaching ability and effectiveness. Others believe that the 
, better students tend to rate a teacher higher than the poorer 




Graduating seniors might be brought into conference 
with teachers, counselors, and departmental heads to discuss 
the relative strength and weakness of the teaching program. 
This should be handled in such a way that students will be 
encouraged to interpret the facts objectively and not let it 
become a '’gripe" session. Here, too, opinions may be 
biased. 

Another way to get an evaluation at the student level is 
to have students file annual reports of student curriculum 
committees with the departmental curriculum committee. In 
this case the evaluation of teaching and teachers is handled 
through the departmental club. Evaluation should be kept 
as objective as possible. Sometimes the club will give a 
confidential teacher rating to the department head. 

Alumni opinions , — Another way to evaluate teachers is 
from alumni reaction. The real test of an instructor’s effec- 
tiveness is measured by the lasting quality of his instruc- 
tion; the impressions, recoilecdons, and habit of thinking 
that students retain years after graduation. It seems regret- 
table, however, that the teacher should have to await the 
evaluation of his teaching until his students have been 
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graduated ior several years. Recognition salarywise and in 
other areas might come too late. 

Comprehensive examinations . — Another method of evaU 
uating teachers is to determine the achievement of students 
in a course, as measured by a comprehensive examination. 
To have a common test fair and reliable, the objectives of a 
course would need first to be clarified. The test would need 
to be such as would determine with some degree of cer- 
tainty the extent to which the objectives had been reached. 

Class visitations,— Soim believe in the so-called ‘*army” 
visitations to evaluate teachers. Class visitations may be 
embarrassing to the teacher, but not necessarily so if prop- 
erly handled. Vi.sitations must be made several times dur- 
ing the quarter or semester. One visitation might be under 
strained or unnatural conditions and might not reveal the 
true capabilities of a teacher. Yisitations may be by the 
department head, by the dean, by a departmental committee, 
by a college committee, or by evaluation experts from out- 
side the college. 

/innnal reports , — ^Teachers may be evaluated through 
formal annual reports. In these reports, the teacher is asked 
to list such items as his professional responsibilities, his 
committee assignments in the department, division, and 
college, his participation in state and national organiza- 
tions, his television and radio programs, and his teaching 
plans for the coming year. The danger here is that one 
teacher may be too modest to list his accomplishments 
properly while another may pad his record. Such reports 
may be evaluated by his administrator, or by a non-inter- 
ested group — -a rank and pay committee— and advancements 
in rank and salary made accordingly. Also, teachers may be 
evaluated from wire or tape recordings made in the class- 
room. As in the former situation, an interested or a non- 
interested group listens to these records and rates the 
teacher. Another criteria for evaiuation is for a committee 
of disinterested persons to look over not only the teachers 
record but also the students’ accomplishments. Still another 
approach es to have a * 'rank and pay committee,” elected by 
the staff. This rank and pay committ^^^^^ working with the 
dean or some other responsible administrative officer, is 
given the difficult task of setting up the criteria for deter- 
mining which members of the staff* are contributing most 
in terms of high quality teaching. 

''Grape /vW”.— The ’’grape vine” system is another cri- 
terion for evaluating teachers. An administrator lends a 
"listening ear” to students, staff members, parents, alumni, 
and others. This can be too casual, may be gossipy, and. 
certainly is not always reliable. Many administrators be- 
lieve, however, that in this way they can rate their teachers 
adequately. It is questionable Ydiether administrators can 
get a true and complete picture in this way. Some admin- 
istrators believe that they can waiik into a classroom and in 
less than 3 minutes evaluate a teacher; that teacher either 
has or has not the intangible "something.” 

CONCLUSIONS 


Both administrators and teachers agree that evaluation is 
complex and that it cannot be accomplished satisfactorily 
by any one simple mechanical device. There are those who 
insist that teachers cannot be evaluated; that teacher evalu- 
ation is like the weather, to be talked about but that nothing 
can be done about it. But is it not safe to say that mil ess 
and mitil the teaching staff feels that quality teaching is 


recognized and rewarded, the full-teaching potential of an 
institution cannot be realized ? 

Good teaching must be evaluated in terms of its success 
in bringing about the desired results. There must be some 
agreement as to the desirable traits of good teachers. The 
formal methods sometimes used; course and instructor rat- 
ings by students and by alumni; impressions gathered from 
classroom visitations, from conversations with students and 
other teachers, and also from frequent talks with the teacher 
himself, all help to place the teacher in his rightful niche. 

It would appear that for any method of evaiuation to be 
satisfactory, it must be developed by the staff members 
themselves in cooperation with the head of the department 
and other administrators. In any evaluation procedure 
selected, all teachers should be as completely informed as 
is possible on both the bases and methods used, to what 
extent qualitative assessments are made, and the methods 
by which the judgment of the administrators at each level 
are supplemented or guided by other factors. 

Certainly a departm exit head should know of the success 
of the members of his staff as teachers, and he should be 
willing to put forth every effort to obtain recognition both 
in salary increase and in advancement in rank for good 
teaching. In recent years, more than ever before, much has 
been done to obtain satisfactory recognition for good teach- 
ers. However, there is still much to be done in this area. 
Any evaluation system adopted must serve only as a partial 
guide, and the personal judgment of the administrator still 
remains a most important factor. 

Teachers should not feel sorry for themselves or de\’eiop 
defensive attitudes. Certainly there is no reason for such an. 
attitude. Teaching is a profession to be proud of and appre- 
ciated. Teachers themselves need to develop a aiore positive 
attitude toward teaching; proud to say, "Fm a teacher,” 
They must be encouraged to maintain their individual initi- 
atives, to write, and to participate in both local and national 
affairs. It is important that they shall not "go to seed.” 

While personal satisfaction is a motivator, good teaching 
must be properly recognized and rewarded if it is to be 
given the attention which it deserves. Recognition of good 
teaching needs more than lip service. 

One way to get good teaching is for administrators to let 
the teacher know he believes that good teaching is impor- 
tant. This can be accomplished through friendlp and frank 
discussions of all facets of the, teaching problem. Also, not 
only administrators but graduate faculty members generally 
should stimulate graduate students to prepare themselves 
to do good teaching. 

Although there is no one simple and sure way to evalu- 
ate teachers, any method used helps focus the attention on 
good teachers and on good teaching. 
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AGRONOMY JOURNAL 


EFFECTIVE AGRONOMIC. TEACHING- 
A SEMINAR 


P, H. Seon“‘ 


I T IS well known that many young agronomists, after 
receiving Ph.D. degrees, are retained by institutions of 
higher learning to instruct in agronomic courses* Many of 
them have had little training beyond that of conducting or 
assisting in laboratory sections or giving reports before 
seminar groups. 

To assist new instructors in making adjustments in these 
new situations, some institutions have conducted orienta- 
tion sessions for newly appointed staff members. In addi- 
tion, others have held sessions for new and older instructors 
where topics on improving standards of instruction were 
presented by some of their outstanding teachers. Since this 
comes a little late, after a man is already on the job, it 
seems that such training might be pushed back into the 
student's graduate program where he could get some basic 
ideas and techniques on how to teach. 

At the 1952 Meetings of the American Society of 
Agronomy held at Pennsylvania State University, Prof. 
H. L. Stier of the University of Maryland spoke of the use 
of local talent on many campuses to focus interest on better 
teaching. Following up this .suggestion, a Graduate Agron- 
omy Seminar (Crops) was started at the University of 
Florida, using as a general theme, * 'Effective Agronomic 
Teaching.” Experienced teachers, young instructors, gradu- 
ate students, and several members of the administrative 
staff from numerous university departments agreed to par- 
ticipate. The following subjects were included, together 
with the 1-hoiir periods allotted to each: 

(a) Objectives — 2 periods; Methods— 7 periods; 

(c) Evaluations — 2 periods; f/ZJ Counseling and Placement 
— 1 period; (e) The teacher. 

The two periods given to a discussion of general objec- 
tives pertaining to teaching included two topics, viz. foun- 
dations in education, and departmental and course objectives 
and course organization. 


¥oinnlcitio)u hi For a general presentation 

of the broad bases of education methods, a representative 
of the College of Education was called upon. He presented 
ideas for a general setting of the stage for the learning 
process, ways of learning, and creating a favorable environ- 


ment for learning. 



Departmental and course ohjectives and course organiza- 
tion , — For course objectives and organization, two speakers 
were invited from departments in the College of Agricul- 
ture — one from the Department of Entomolog}^ and one 
from the Department of Soils. Each gave broad depart- 
mental objectives, particularly those induded in general or 
service courses designed for students from many depart- 
ments. Also, major objectives and general organization for 
specific courses for graduate and undergraduate students 
were presented. Consideration was also given to the coor- 
dination of lecture material with laboratory exercises, 
greenhouse tests, plot demonstrations, and field trips, 
which often are parts of such courses. 


^Received for publication Jan. 23, 1934, 

^Head Professor of Agronomy,. University of Florida, Gaines- 
.yille, Florida. 






Methods, — More than half the number of seminar 
periods were spent in discussing methods or techniques 
commonly employed in teaching, and a rather wide area 
of subject matter was considered. 

Finding, stimulating and holding student interest,~A 
staff member of the College of Education discussed the use 
of questionnaires, teiicher-student planning, and the influ- 
ence of the psychological climate as aids in finding student 
interests. In addition, class discussions, induding the ques- 
tion niethod, speaking the student’s language for clearer 
understanding, etTective teachers’ reactions to good ques- 
tions, opportunities for doing field, greenhouse, and labo- 
ratory work, and the appeal to as many of the senses as 
possible, were advanced as ways of holding student interest. 

Lecture, discussion, and textbook methods . — The relative 
values of the lecture, discussion, and textbook methods in 
teaching were presented by a staff member of the College 
of Education, Each method will have its own shortcoming, 
as well as its value for some groups, hence t wo or more of 
the methods are often desirable. 


Student reports. — I'he value of such reports was dis- 
cussed briefly under three headings by three men who were 
recognized as using them regularly and with a measure of 
success in their teaching programs. 

Various types and kinds of oral and written reports were 
discussed by a member of the Agricultural Extension Serv- 
ice, who also devotes part time to teaching formal courses 
in Rural Leadership and Agricultural Extension Methods. 
Such reports are valuable segments in the training program 
of potential agricultural extension workers, and are useful 
in many types of classroom Instructions. 

Term papers are required by several departments in the 
College of Agriculture at Gainesville, Fla. A staff member 
of the Plant Pathology Department spjoke on tlie nature and 
value of such papers, particularly to those students making 
an extended review of literature dealing with a specific 
topic. 

Individual problems are offered in various subject matter 
areas and are usually intended for advanced students. Char- 
acteristics of a special problem paper that would show evi- 
dence of the student’s having spent time and effort in col- 
lecting data and presenting written material that would 
merit college credit, were discussed by a qualified repre- 
sentative of the Department of Agricultural Engineering. 

Laboratory work , — The laboratory method of teaching 
was discussed by a staff member from the Department of 
Botany and a graduate student from the Department of 
Soils. The staff member gave emphasis to the lecture areas 
that could be reinforced by laboratory exercises. He also 
emphasized the necessity for careful planning in advance 
for laboratory materials so as to be available when needed. 

The student expressed ideas on what he hoped to get out 
of a laboratory period that would supplement and expand 
his knowledge beyond the lecture material. He spoke of his 
reactions to well planned laboratory exercises and also those 
which contributed little. 

Field trips . — ^The part that field trips might play in an 
instructional program was discussed by a graduate student 
and a staff member from different areas. A staff member 
from the Department of Soils discussed the planning of a 
field trip in order to utilize time to the greatest advantage 
so as to enable the student to get the most benefit from 
the trip. The graduate student from the Department of 
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Vocational Agriculture gave his experiences of field trips 
which were a pleasure, and from which he felt he bene- 
fited greatly. He also mentioned some trips on which the 
instructor made it so laboriousin taking excessive notes and 
rushing along all the while to cover much ground that the 
students could not keep up with the pace and missed the 
main lessons that no doubt were right before them. 

Visual 4/^/r.— The sources of materials and types of 
equipment bearing on visual aids were handled under two 
headings — one dealing with sources of materials and other 
a demonstration of equipment. 

Library services.— A representative of the university 
library department of visual aids told of the facilities avail- 
able in that area, such as a library of films on many sub- 
jects, catalogued and cross-indexed and readily available to 
instructors on calk Mention was also made of the various 
types of projectors for slides, prints, and film strips, as well 
as still and motion pictures that w^ere accessible. Machine 
operators, equipment delivery, and similar services were 
brought to the attention of the group. 

Demonstratioijs of equipment.— Tht various types of 
projectors and screens, and the setting up of different pieces 
of equipment to give maximum efficiency were demon- 
strated by a member of the Agronomy staff. Careful plan- 
ning in advance of the class period is often reflected in the 
effectiveness and smoothness of the demonstrated lecture. 

Special imls.—Th^ use of special aids in teaching was 
presented by young instructors from three Departments- — 
Entomology, Plant Pathology, and Soils. 

Blackboard outlines, sketches, charts, graphs, and models 
were exhibited and their uses demonstrated in teaching 
techniques. Color and color contrasts were shown as ways 
by which materials often difficult to understand may be 
more easily grasped. 

Evaluations .— task of evaluating a student’s knowl- 
edge of a subject is one of the most difficult in the realm 
of teaching for most instructors. How^ever, it is a general 
requirement that confronts all who teach. A representative 
of the College of Education discussed objectives of testing, 
length of tests, and various types of questions in common 
use. Also, the weighing of different types of questions for 
a grade evaluation was demonstrated. 

A member of the University Board of Examiners ex- 
plained the services available through his office. He dis- 
cussed particularly progress tests and the assembly type of 
examination that are commonly machine graded and often 
administered to larger groups. 

Counseling.— This to be receiving greater em- 

phasis particulariy in the larger institutions. The office of 
the Dean of the College of Agriculture was considered the 
appropriate area to contact for the broader view of coun- 
seling and guidance within the College. In addition to aca- 
demic counseling, attention was called to the many other 
counseling services within the University available to stu- 
dents in need of help, such as the reading clinic, the speech 


and hearing clinics, the psychological clinic and in some 
schools, the marriage and family clinic— services that are 
provided to aid students to adjust themselves. 

For counseling at the departmental level, a representa- 
tive from the Department of Horticulture, recognized as 
doing a good job, spoke of the qualifications of a good 
counselor. Gaining the student’s confidence, learning his 
background and interests, and sensing where the counselor 
might be helpful ill the student’s overall program were 
emphasized. Aiding in curriculum planning and keeping of 
simple yet systematic records on a student’s progress were 
given as important facets of counseling service. 

Many instructors will probably do some type of coun- 
seling either formally or informally, during their teaching 
careers; and to be effective, one should be well acquainted 
with as many facilities at his command as possible. 

Placement . — -Training and placement go together. A 
good student, wHl trained and wHl placed is a credit to an 
institution. The Provost for Agriculture, the administrative 
officer over the divisions of teaching, research, and exten- 
sion at the University of Florida, was asked to speak of 
the opportunities in the various fields of Agriculture. Since 
his office serves as a medium of contact between outside 
agencies and the College of Agriculture, interview arrange- 
ments are planned through his office and the University 
Placement Bureau, 

The /m'^er.~What does the administration look for in 
a good teacher and what does the student expect of a 
teacher, beyond that of knowing his subject.^ These quali- 
ties, of course, vary with individuals, but general thoughts 
on personal qualifications that might be looked for in the 
so-called ideal teacher, were presented by the Professor of 
Vocational Agriculture who is the teacher trainer for agri- 
cultural teachers on the high school level. 

:' ■■■ .SUMMARY 

Many graduate students of today will be, no doubt, in 
some kind of teaching positions very soon, be it a formal 
classroom course, agricultural extension, or participating in 
experiment station field days. An observing student plan- 
ning to teach will have gathered much basic material 
through his association with good instructors, However, 
there are those who will have given little thought to teach- 
ing until they have accepted a position w^hich carries teach- 
ing responsibilities. 

It seems that a seminar on the general techniques of 
teaching might be made available to graduate students. 
Teachers from various areas are often glad to cooperate. 
In planning the seminar reported on herewith, not a single 
person approached declined an invitation to participate. All 
cooperated gladly. There is^ no doubt, considerable talent 
on all campuses. Discovering and making use of this talent 
might be helpful not only to students soon to be teachers, 
but helpful to some instructors in doing a better job of 
teaching. 





A Laboratory Method for Determining Digestible Nutrients' 

R, L. Thurman and E. J. Wehunt*' 


G rain sorghum, sorgo, and corn silages differ in total 
digestible nutrients per unit of silage weight. The 
importance of this is shown by an association of dry matter 
content of the silages and total digestible nutrients. For 
example, Hegari silage averaged 38.1% dry niatter with a 
total digestible nutrient content of 18.7%, as given by 
Morrison (4). Sweet sorghum silage averaged 25.3% dry 
matter and a T.D.N. content of 15.2%. Corn silage aver- 
aged 27.4%. dry matter and a T.D.N. of 18.1%. Hilston 
and Gifford (1) found that the beef gains per ton of 
silage produced by a single variety varied from year to }X"ar. 
Knowledge of factors contributing to silage quality is of 
major importance in a program of breeding crops for 
silage uses. 

A short laboratory method to determine the digestibility 
of plant materials for silage purposes would be most iiseful 
since it is very expensi\'e to determine digestibility with 
conventional accepted methods where animals are employed. 

PRELIMINARY \X^ORK 
Materials 

yield trials of corn and sorghum for silage were conducted at 
Fayetteville, Marianna, and Hope, Ark., during 1953 and 1954. 
However, due to drought, the plants failed to mature properly in 
1954, except in the irrigated plots at Fayetteville and Marianna. 
The varieties were replicated four times in randomized blocks and 
fertilized adequately at all locations. 

The stalks (leaves and heads attached) for the analyses were 
selected when the seeds were in the firm dough stage of maturity. 
The stalks from each plot were cut into two equal lengths. The 
upper portion of the stalks of une-half of the samples and the 
lower portion of the other one-half were combined as a plot 
sample. Grain, leaves and stalk samples were saved from some of 
the varieties. Plant materials of corn and two varieties of sorgo 
were also ensiled. The dried samples were ground through a 40- 
niesh screen. Samples collected in 1953 were ground and stored 
under refrigeration until the analyses were made in the fall of 1954. 

Twenty-three corn and 50 S(>rgo silage samples were collected 
from silos throughout the .state in December 1954 and [anuary 
.: 1955 ." 4 ■■ ^ ' 

Laboratory Method of Analysis 

Section 37 of Loomis and Shull (2) was used as a guide 
in the processing of the ground samples. A l-g. portion of 
the dried ground materials from each sample was treated 
with 100 ml. of a solution prepared with 1 ml, of concen- 
trated HCl per 19 ml. of distilled water and autoclaved in 
open Erlenmeyer flasks at 15 lb. pressure for 1 hour. A 
drop of methyl red and enough 20% NaOH to nearly 
neutralize the acid present was added into the cooled flasks 
after autoclaving. The contents of each flask was filtered 
through a No. 42 filter paper, and the residue rinsed, dried, 

^ Research paper No. 1115 Journal Series, University of Arkan- 
sas, Fayetteville, Ark, Published with permission of the Director 
of the Arkansas Agr. Exp. Sta. Received Dec. 20, 1954, 

^Assistant Agronomist and Graduate Student, respectivt‘iy. The 
method was developed by the senior author and most of the pre- 
liminary checking of the method w\‘is a part of a thesis submitted 
to the University Graduate Council by the junior author in partial 
fulfillment of the Master's degree. The authors wish to express 
their appreciation to Joe W. Fleming, Assistant Professor of Horti- 
- culture, for his suggestions in the analyses. 


and weighed. The original sample weight minus the weight 
of the dried residue, converted to percentage, will be re- 
ferred to as D.L.N. (digestible laboratory niitnents) in the 
results. 

A laboratory analysis, as described above, was made on 
Atlas (semi-sweet), Tracy and Sart (sweet) sorgo vari- 
eties, Martin Milo and Early Hegari grain sorghmns, and 
Dixie 22 and Funk 711 varieties of corn. The number of 
D.L.N. determinations for each variety varied from 2 to 
15. The D.L.N. values reported are averages of all deter- 
minations made and have been adjusted to the average 
moisture percentage reported by Morrison (4) for similar 
materials. 

Results 

The average D.L.N. values of the 11 materials used are 
presented in table 1. The average D.L.N. for the sorgo 
silages used was 15.2 which is identical to the average 
T.D.N. of sorghum, sweet, silage reported by Morrison(4). 
It is not possible to make specific coniparisons with the 
average values because the variance of the average value is 
not known and the comparison only indicates a relationship. 
The difference between the two values decreased with an 
increase in the number of samples analyzed for D.L.N. 
That is, samples varied greatly in D.L.N, and an average 
of the D.L.N, values of a few samples wa.s always more 
variable than the average of a larger number of values. The 
greatest difference between the average D.L.N. of the mate- 
rials used and the average T.D.N. reported by Morrison 
(4) was 2.5 for corn grain. The lower value for corn grain 
may have been due to the selectivity of the mill in the 
grinding. The D.L.N. values from severai determinations 
from one sample were almost identical. 

The 23 samples of corn silage contained only a very 
small arnount of grain. The average percentage of dry 
niatter of the corn and sorgo silage samples collected from 

Table 1. — Average TiXN. as reported by Miirrison (4) and 
average D.L.N. <4 severai silage maier.’als. 


Silage material , 

Averages 

Reported by 
Morrison '4 * ; 


%dr.v 

matter 

T.D.N.- 

Sorghum, seed, sweet i 

89.2 

. ‘ 77 .5 . ■ 

Milo, grain .. _ 

89.4 

80.1 

Hegari, grain. 

89. T 

■ 80 . A 4 

Corn, Dent, No, 2. .. . . 

85.0 

• 80 

Sorghum, sweet, silage 

25.3 

41 0, 2':- 

Corn, Dent, well matured, 



fair in ears, silage 

26.0 


Corn, fodder, medium in 

. ■-. ■■ 


water, dry 

.82..,6 ■ 

53.9 / 

Sorghum, fodder, sweet, dry „ .. 



Sorghum, fodder, sweet, dry, 



high in water ,. 


89.7 

Corn, fodder, dent, dough to 



glaze, green..,:. . 


: 19,1 

Sorghum, fodder, sweet, green 

24.9 

^ 17,3 





D.L.N. 


inuiiuiii 
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throughout the state was very close to the averages reported 
by Morrison ( 4) for corn, dent, well matured, few ears and 
sweet sorghum, respectively, The corn silage samples aver- 
aged 16.4 and the sorgo 15.1 in D.LN, which compares 
favorably with an average T.D.N. as reported by Morrison 
(4) of 1 6.3 and 15,2, respectively. 

RABBIT FEEDING TRIAL 
Materials and Methods 

, Two corn and eight 300-pound sorgo silage lots were 
collected from nine locations in the state and brought to 
Fayetteville for drying and processing. Samples 2 and 6 
were corn silage. Sample 1, honey sorgo silage; 3, Tracy 
sorgo with several of the early heads removed; 4, Atlas 
sorgo with quick growth and harvested in the milk stage; 
5, Atlas sorgo harvested 6 weeks after the firm dough stage 
of maturity and the birds had removed most of the seeds; 
7, Sart sorgo which had matured only a few heads and had 
been frosted; 8, Tracy .sorgo with below normal growth due 
to the drought; 9v Atlas sorgo with a production of 34 tons 
per acre; and 10, Tracy sorgo harvestecf 3 weeks after the 
firm dough stage of maturity and had also been stripped 
by a hail storm. Fifty pounds of each dried silage was 
mixed with 25 pounds of oats, 12.5 pounds of wheat, and 
12.5 pound.s of bat ley grain and ground. The lots were 
again mixed and pcikted. 

Fifty New Zeal ind rabbits averaging 41/2 weeks of age, 
separated into single pens, were used in the feeding trial. 
The pens contained metal doors which were sloped to the 
back and provisions for catching all of the manure. The 
pens were divided into 10 groups of 5 each. No group con- 
tained more than one rabbit from a litter. The silages were 
randomized among the 10 groups of pens. 

The pelleted feeds were fed on a gradual basis for sev- 
eral days until the rabbits became accustomed to the feeds. 
At the end of the conditioning period, the pens were 
cleaned and feed weight records were started. The manure 
was collected daily and dried and all of it from a feeding 
period of 5 days was ground together before sampling. 
One-half pound samples of the pellets were collected at the 
start and at the end of each feeding period for dry weight 
determinations. At the end of the first 5 -day feeding 
period, all rabbits recxdved a uniform conditioning feed for 
10 days. The silages were again randomized and after a 
chance for the rabbits to become accustomed to the pelleted 
feeds, another 5 -day feeding period was conipleted. 

The pelleted feed samples and the manure were chemi- 
cally analyzed by a reputable commercial company and 
according: to A. O. A, C. standards. The T.D.N, was deter- 


Tab^e 2.- — ^Percent dry matter, T.D.N. and DX.N. of the 10 
pelleted feed materiaLs used in the i*abbit feeding trial. 


Feed Material 

Percent 

T.D.N. 

D.L.N. 


dry matter 





92.1 

54.6 

69.1 


92.3 

54.4 

64.9 





92.3 

56.0 

69.6 

4.. 

92.0 

51.4 

67,8 

5_- 1 .' 

92.0 

51.4 

66,1 

6 ..,,..,2.. 

91.2 

51.0 

65,9 

, 7 

90.9 

58.2 

69.5 

8. 

92.2 

58.1 

69.7 

9., 

91.7 

50.6 

66.3 

10 

92.0 1 

49.9 i 

67.8 


mined according to the method outlined by Maynard (3) . 
The D.L.N. of the pelleted feed samples was determined 
as described above. 

Results 

The T.D.N. and D.L.N, values of the 10 pelleted silage- 
grain combination feeds are given in table 2. The T.D.N. 
varied from 49.9 to 58.2 and the D.L.N. from 64.9 to 69.7 
among the 10 feeds. However, the lower T.D.N. values 
were expected because Voris, e/ vi/. ( 5) reported that rabbits 
digest somewhat less fiber and N.F.E. than do such large 
animals as cattle. A correlation of -f 0.656, which was sig- 
nificant beyond the 5% level, was found between the 
T.D.N. and T.L.N. values of the 10 feeds. 


SUMMARY AND CONCLUSIONS 

A laboratory method for determining digestible nutrients 
in silage materials is presented. The method, designated as 
D.L.N., appears to give results which are associated with 
the digestibility of silage materials as determined by animal 
feeding trials. 
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■ Fertility Levels Upon Rubber Production by Krim-Saghyz' 
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' RIM-SAGHYZ, Taraxdcmn megdorrhizon, is a rubber- 
• bearing dandelion native to the Crimean area of 
Russia. Seeds of knni-saghyz and of kok-saghyz (Id kok-- 
saghyz) were supplied to the United States Department of 
Agriculture by Russia shortly after the entrance of the 
United States into World War II. During the war years, 
major attention was given to study of the rubber-production 
capabilities of kok-saghyz, which has reportedly been grown 
extensively in Russia. A reporc on the war-time studies on 
rubber production from kok-saghyz in the United States 
has been made by Whaley and Bo wen. Little attention was 
given to krim-saghyz. It is understood that the Russians 
have not cultivated it to any great extent, because it is cli- 
matically adapted to a relatively small area, in contrast with 
the much wider climatic adaptation of kok-saghyz. A small 
planting of krlm-saghyz made during the war by George 
Harrison at the U, S. Cotton Field Station, Shafter, Calif., 
gave results indicating Its possible superiority^ over kok- 
.saghyz as a rubber producer under San Joacmin Valley con- 
ditions. The war-time rubber research program was cur- 
tailed before the possibilities of krim-saghyz could be fully 
evaluated. Upon reactivation in 1948 of the agronomic re- 
search program on domestic rubber-producing plants, it 
appeared desirable to studp further the potentialities of 
krim-saghyz as a source of rubber. The plant is highly 
apomictic and uniform, and it is to be expected that im- 
provenient through breeding will be relatively slow in com- 
parison with the highly sexual and variable kok- 

saghyz. Accordingly, an experiment was established to test 
the effects of variations in plant density, soil moisture, and 
soil fertility upon rubber production by krim-saghyz. 

As a supplement to the main experiment, a planting of 
kok-saghyz, krim-saghyz, and taucsaghyz fSc'orz(mera ta//- 
saghyz, closdy related to the garden salsify and also native 
to Russia) was made for the purpose of comparing the 
riibber-production capabilities of these three plants. I’he 
kok-saghyz seed was from some of the selections made dur- 
ing the war from the Russian imports. 


EXPERIMENTAL PROCEDURES 


In the main experiment 3 soil moisture treatments, 4 fertilizer 
treatments, and 3 stand levels were factorially combined in a split- 
split plot design, with 4 complete replications. The experimental 
area was bedded on 28-inch centers; 2 rows, 12 inches apart, were 
seeded on each bed. The moisture plots were 12 rows wide and 
80 feet long; stand plots, 4 rows wide and 80 feet long, were 



^Received for publication Feb. 14, 1955. ■ 

^ Formerly Senior Agronomist and Research Agronomist, respec- 
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^Whaley, G. W., and Bowen, J. S. Russian dandelion (kok- 
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randomized within moisture plots; and fertilizer plots, 4 rows wick 
and 20 feet long, were in turn r.iodosnized within stand plots. 
Buffer strips 4 row.s (2 beds) wide separated pairs of moisture 
plots within blocks. 

Tlie experiment was established on Greenheld coarse sandy hsarn 
soil at Salinas, Calif., on Nov. 22, 1948, by planting seed at 3 
rate.s to give stand'^ averaging (Si, thin stand) 9,1, (Si-, niediuni 
stand) 15>.5, and (S'l, dense stand) 34 plants per linear foot of 
row. Fertilizer variables were established as to! lows: Fi, natural 
fertility level of the soil (no fertilizer) ; F;.-, fcitility level produced 
by application of 50 pounds N per acre at planting .md 100 
pounds N in April 15^49 (N); Iv,, fertility level produced by 
application of 100 pounds PisD.:, per acre at seeding (P); and 14, 
fertility level resulting frojri applic;uion cf 5 1> pounds N, 100 
pounds PTT. and 75 pounds K-O pej* a<. re .0 ^eedi^tg and 100 
pounds N in April 1949 (NIffv). Fertilizers vert- aj'plicd as bands 
between rows; sources used w'ere ariunoniinn suhate, superphos- 
pliate, and potassium sulfate. Beginning April 2(). 1040 , after 
winter rains, and continuing thnmgh Oe0»hu’ 1900, 3 variations 
in Soil moisture were pHnluced by irrigating whtn the Nt)il mois- 
ture tension at the d-inch depth in tile S.iF? phJts readied the fol- 
lowing values: Mj, (dry), ap^poiximately 15 atmospheres, as indi- 
cated by Bouyoucos hhak, resisrames tif iOtytttto ohms or more; 
Mij (medium), approximately 3.5 atniosydieos. as indicated by 
Bouyoucos block resistances of approximately 5,090 olims; and 
rM';; (wet), 0,85 atniospiiere. as measured by soil nioistvire ^e^- 
' siometers. 

In accordance with these criteria fr>r the lu eif iff irrigation, tiie 
Ml, Me, and M';! plots were irrigated 5. 7. ant.1 H times, respec- 
tively, betw'een April 20 and Oct. 28, 1949. Soil rnrristurc tension 
observations wv ere omitted in 4930; between April 20 and the July 
harvest, the Mjj plots wa*re irrigated three time.s, the Mi and M- 
plots once each. 

All plots of the expefiment \vere .sairipled in July 1949 and July 
1950. The plots of fertility treatments Fi (no fertilizer) and Ft 
(NPK), stand levels Si (thin) and (dense), and moisture 
treatment AL (wet) were sampled in October 1949 and February 
aikl Afay 1950. At each date all roots to a depth of 18 inches were 
dug by hand fix>rn 5 feet t)f ,n>w at a randcan locatitui within each 
plot. 'Fhe plant tops \vere removci! at the cntwn, tlie plants were 
counted, and the samples were dried at 65'' C7.. weighetl, gri.umd, 
and analyzed hu* rubber. Analyses of varia/ice weru made. 

The kok-, krim-, and tau-saghyz of the suj’pk-nientary experi- 
ment were seeded in rundotnizevl blocks, with live repli..alions, in 
-November 1948, adjoining the main experiment, Kuk- and krim- 
.saghyz seeds were planted at the rate of a p|:n‘oxin lately J{)0 seeds 
per foot of row; the quantity of tau-sagliyz seed available per- 
mitted the planting of only ,15 seeds per hu>t. 'Fhe kok- and krim- 
saghyz plots \vere sampled 7V2 montlis after seeding ami plots of 
all 3 plants were sampled at and 20 montlis, Sampliiig.s were 
made as in the main experiment. Counts were matle of the sur- 
viving plants per foot of row, and yield of roots, rubber content, 
and yield of rubber were determined. 

Approximately 11 month.s after seeding, roots of kok- and krim- 
saghyz in the supplemerital experiment were harvested by 3-inch 
depth increments to 12 inches, in order to obtain information (U'i 
the quantity of rubber that could be pmcured by harvesting these 
plants to different depths. 


RESULTS AND DISCUSSION 


The plants seeded in November 1948 had emerged by 
early December and grew vigorously during the winter and 
early spring months of 1949. It was characteristic of the 
krim-saghyz plants in this experiment that evidences of 
dormancy began to appear in May each year, regardless of 
irrigation or other treatment. The leaves first become chlo- 
rotic in appearance and subsequently died back to the root 
crown. During most of June and July the plants were dor- 
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raant, with very little, if any, growth occurring. In late July 
or early August the dormancy was broken, new leaves 
appeared, and growth was resumed, continuing through the 
fall, winter, and early spring. 

Data from the first harvest, made in July 1.949, approxi- 
mately 71/2 months after seeding, are presented in table 1. 
The plants were dormant, in digging the roots to a depth 
of 18 inches, it was observed that, in general, the root sys- 
tems of the pslants of the densest stand (S3) were contained 
in the 12- to 154nch depth of soil, while roots of plants 
of the least dense stand (S J were often l/T6-inch or more 
in diameter at the 18-inch depth. Some of the larger roots 
had crown diameters of the order of % -inch. 

Each of the three variables, moisture, stand, and fertilizer 
treatments, had highly significant effects upon root yield 
at the first harvest. The highest yield, 5,988 pounds per 
acre, was produced by the combination of medium moisture, 
dense stand, and NPK fertilizer (ALS;.F.j); the lowest 
yield, 2,441 pounds per acre, was associated with medium 
irrigation, thin stand, and no fertilizer (lVLSiF.j). The 
medium (NL) and high (M.,) moisture treatments gave 
significantly higher yields tlian the low (M^ ) treatmenc. 
Root yield increased significantly with stand density, mean 
yields ot 2,953, 3,617, and 4,169 pounds per acre being 
produced by stand levels S^, S^, and S.,, respectively. There 
was a significant interaction of stand level and moisture 
treatment; yields for stands and S., increased with in- 
creased moisture, or decreased tension, while at stand level 
S3 (thin ) variations in moisture had no significant effects. 
The yield was significantly increased by both N and NPK 
fertilizers, but not by P alone. The mean yield for all treat- 
ment combinations was 3,580 pounds per acre. 

The rubber content of the roots at the first harvest was 
not significantly affected by moisture, stand, or fertility, but 
there was a significant interaction of stand and fertility 


treatments; greater increases in rubber were associated with 
N and NPK fertilizers in combination with the thin (S, ) 
than with the dense (S^) stand. The average rubber content 
wasT.90%. ./ ' “ 

Effects of soil moisture treatment upon rubber yield were 
not statistically significant. Both stand level and fertility 
treatment produced significant effects, and there was a sig- 
nificant interaction between these two variables. The highest 
rubber yield was produced by the densest stand of plants. 
Significant increases in rubber yield were produced by N 
and NPK fertilizer treatment, and these two treatments 
were much more effective in combination with the dense 
than with the thin and medium stands. The maximum yield, 
140 pounds per acre, was produced by the combination of 
high moisture, dense stand, and N fertilizer (.MpS^F^). 

The final harvest in this experiment was made July 18, 
1950, approximately 20 months after seeding. Plants were 
again dormant. Moisture treatment differences were not as 
great in 1950 as in 1949, No fertilizer was applied in 19-50. 
The data for the final harvest, summarized in table 2, re- 
flect the effects of stand level variation throughout the life 
of the plants, of the wide differences in 1949 and slight 
differences In 1950 moisture treatment, and of the initial 
fertilizer applications. 

The greatest yield of roots obtained from any treatment 
conibination, (5,570 pounds per acre), the maximum 
rubber content (5.48% ), and the maximum yield of rubber 
(305 pound. s per acre) were produced by the plants grov^m 
with medium moisturey dense stand, and 150 pounds N per 
acre (M^S-.F^) . Moisture treatment effects were not signifi- 
cant. The greatest mean yield of roots and rubber were 
produced by the plant stand of greatest density (S..) and 
by the NPK (F.J fertilizer treatment. The mean concen- 
tration of rubber was significantly increased by both P (;F.^) 
and NPK (F.3) fertilizer. There were no significant inter- 


Tabie 1. — Summary of data from Krim-saghyz harvested July 6-8, 19497 Means of 4 replications. 


iHi 

y.i 


Fert. treat. . 

i 

. ■ , — 1 

Moist, treat. M 
Stand level 

1 

1 

4oist. t] 
Stand 

reat. M 
! level 


1 

foist, t] 
Stand 

reat. M 
.level 

3 

Meal 

ns for n 
Stand 

10 ist. treats, 
level 

S,; 1 

1 


s. 

Mean 

s.~ 

i 

s. 

S.i 

Mean 

Sx 

S 2 

s, 

-Mean 

s. 

s. 

S ;i 

Mean 


F,- 

2541 

2770 

3006 

,2772 

2441 

2665 

Yield 

3139 

’ of Roc 
.2748 

)ts, Lbs 
2569 

./A. 

3431 

3oo3 

3181 

2513 

2955 

3233 

2900 

Fo--- 

3439 

3437 

4050 

3642 

3487 

3916 

5312 

4238 

2726 

4764 

5606 

4365 

3217 

4039 

4989 

4081 

F. ■ 

2702 

■ 2728' 

■ 2481 1 

2637 1 

2676 

2883 

3439 

2999 

2072 

3933 

3754 

3253 

2483 

3181 

3224 

2968 

p.-- 

3519 

3551 

3947 

3672 1 

3486 

4144 

5988 

4639 

3823 

5192 

5759 

4924 

3609 

4295 

5231 

4378 

Mean : 

3050 

8121 i 

3371 1 

3180 

3022 ; 

0 

CO 

4469 

8631 

2795 

4330 

4668 

3931 

■2955 1 

3617 

4169 

3580 

F. , 

1.68 1 

j 1.94 '1 

1.71 ! 

1.77 

1.69 

'■2.31| 

P( 

1.81 

2r Cent 
1.93 

Rubbe; 

1.75 

^1.96 

2.08 

■1.93 ! 

1.70 , 

2.07 1 

■ 1.86 1 

1.87 

Fo- 

■ 1.72 1 

1.64 1 

2.00 

1.78 

1 .79 

1.99 ' 

2.19 

1.99 

1,54 

2.07 

2.32 

1.97 1 

1.68 

1.90 ' 

2.17 ■.! 

1.91 

F, 

■1.72'' i 

1.60 

.■I.67'.i 

1.63 

2.12 

2.32 i 

1.71 

2.05 

1.97 

1.86 i 

1.66 

: 1.83 1 

1,93 

1.92 

1.64 : 

1.83 

■F4.w_,. 

1.70 ' 

.';2.04 

2.00 

1.91 

1.78 "I 

1.90 

2.16 

1.94 

2.12 

2.01 

'■2.35, 

2.16 1 

1.86 

1.98 

. 2.17 . 

2.00 

Mean - . 

i' T.TO^'i 

■ l.'77;j 

1.82 

1.77 

,l.-.84/ 

■ 2.13. 1 

1.96 

1.97 

1.84 

1.97 

2.10 i 

1.97 ; 

1,79 

1.96 

1.96 

1.90 


1" ■ '4'3 ■ 


54 

50 

41 

^^'■'■'67 ■' 

Yield 

59 

of Rub’ 

ber, Lbi 
46 

3 . /A. 

' 71 

89 

68 

''.T-43''i 

64 

67 

58 

F,-, _ 

1 60 

56 

84 

66 

62 

V- 79 ' 

117 

86 

41 

102 

140 

94 

54 '.| 

79 

114 

. ,82'- 

P;,— 

49 

42 

39 

43 

60 

79 

59 

66 

41 

80 

62 

61 

50 i 

67 

53 

57 


62 

73 

82 

72 

63 

V 82 

129 

91 

84 

111 

138 

111 

■■:, .:70','": 

89 

116 

92 

Mean.,''.. 7 ■ 

; TioR;: 

56 

■i: 65/, 

58 


77 > 

91 

'TSV 



107 

■f: ' 84..^ 

54 

76 

87 

72 


Least significant difference (P = O.QS) between: 

Moisture treatment means 

Stand level mean.s 

Fertilizer treatment means 

Moisture X .stand means 

Stand X fertilizer means 


Yield of roots Percent rubber : Yield of rubber 
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Table 2.— Summarv of data from Ktim-saghyz harvested July 18, 1950. Means of 4 replitations. 
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actions. As an avera^^e for all plots, at 20 months after 
seeding the yield of roots was 3,389 pounds per acre, the 
rubber content was 4,40 ^uid the yield of rubber was 174 
pounds per acre. Between July 1949 and July 1950 rhe 
mean yield of roots increased only 309 pounds per acre, 
while rubber content and yield of rubber more than 
doubled, increasing from 1.90 to 4.40^6 and from 72 to 
174 pounds per acre, respectively. 

In order to determine the course of accumulation of roots 
and rubber and the concentration of rubber with time, the 
plots of stand levels Sj and S.,, fertiliser treatments and 
F.p and moisture treatment M.. were sampled at three dates 
intermediate between the first and final harvests. The means 
o*f the data from these harvests are presented graphically in 
figure 1, together with data from the first and the final 
harvest of the same plots. Data from the four treatment 
combinations are averaged for each harvest date, since 
essentially similar trends with time were found in the case 
of the four treatments. Each datum point represents the 
mean for 16 plots. 

There was a decrease of 1,268 pounds of roots and 12 
pounds of rubber per acre and an increase of 0.40 rubber 
content between July and October, At the October sampling 
the plants had resumed growth after summer dormancy; it 
w-as very . noticeable that the roots were shriveled and 
shrunken in appearance, in contrast to the smooth, firm 
appearance at the July harvest. It is probable that the new 
growth of the plant tops was made at the -expense of carbo- 
hydrate materials in the roots; this would explain the de- 
crease in total root weight and accompanying increase in 
rubber concentration. 

At the February and May samplings the plants were 
active^Iy growing. It is apparent from figure I that between 
October and February and between February and May the 
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FiG, 1. — Changes in root and rubber yield and conccntratitin of 
rubber in krim-saghyz plants with time. 

yield of roots continued to increase, as did the concentra- 
tion and yield of rubber. At the February sampling the 
yield. of roots had not yet reached the level of the previous 
July; by the May sampling date the yield of roots had sur- 
passed that of July. The data from the July 1950 harvest 


indicate that the roots had lost weight since May; From 
these data it would appear that the greatest weight of krim- 
saghyz roots was present at the end of vigorous growth and 
the onset of dormancy in May. The concentration of rubber 
in the plants increased continuously with time, as did the 
yield of rubber after October. 

The results of the supplemental experiment to compare 
kok-, krim- and tau-saghyz are set forth in table 3, At the 
June sampling die plant densities of the kok> and krin> 
saghyz w'ere essentially the same. The number of kok-saghyz 
plants declined w^ith time to a density about one-half that 
of the krim-saghyz. The stand of tau-saghyz was relatively 
sparse. At all dates, the weight of krim-saghyz greatly ex- 
ceeded that of kok-saghyz roots, which in turn was greater 
than that of tau-saghyz. At the first two sampling dates, the 
rubber content of kok-saghyz was higher than that of krim- 
saghyz; at the third harvest, rubber concentration in the 
three plants was similar. The rubber yield of krim-saghyz 
was much higher than that of kok-saghyz at the first and 
third samplings; the two were similar at the second sam- 
pling; and both Were superior to tau-saghyz. The ‘tau-saghyz 
might have compared more favorably with the other two 
plants had it been seeded at greater density. 

In November 1949 the roots of the kok- and krim-saghyz 
were harvested by 3rinch depth increments to 12 inches. 
The plant tops were also harvested. Weight and rubber con- 
tent of each 3-inch increment of roots and of the tops was 
deterniined. Total weight of kok- and krim-saghyz roots 
harvested ( 1 2 inches ) were 1,91 9 and 1 ,662 pounds per 
acre, respectively. Of these amounts, 55^^ of the kok- and 
41% of the krim-saghyz were dug from the top 3 inches; 
74 and 70%' were harvested from the top 6 inches; and 
85 and S4% were obtained from the top 9 inches. The 
concentraition of rubber in roots of both plants increased 
with depth, ranging from 2.8% in the upper 3 inches to 
4.3%' in the lower 3 inches of depth of kok-saghyz and 
from 1.4% to 2.7% for the same depths of krim-saghyz. 
In the case of kok-saghyz, 36, 72, and 79% of the total 
rubber in the 12 inches of roots Was found in the upper 
3, 6, and 9 inches, respectively; for krim-saghyz, these val- 
ues were 22, 63, and 75%. The tops of the kok- and krim- 
saghyz plants, respectively, \veighed 807 and 1,493 pounds 
per acre and contained 5 and 15 pounds of rubber; the 
rubber concentrations were 0.7 and 1.0% . 

The data from these two experiments indicate that under 
Salinas Valley conditions rubber yields of 140 pounds pet- 
acre in 71/2 months, and 305 pounds per acre in 20 months 
from seeding may be obtained from krim-saghyz. Kelley, 
et. reported rubber yields of 823 to 1,336 pounds per 
acre from guayule harvested at 19 to 21 months after seed- 
ing. The maximum yield of 140 pounds of rubber per acre, 
obtained from krim-saghyz in 7 1/2 months, compares more 
favorably with the 170 to 280 pounds produced by guayule 
in 10 months.-' The small size of the individual roots and 

“Kelley, O. J., Haise, H. R., Markham, L, C,, and Hunter, A. S, 
Increased rubber production from thickly seeded guayule. Jour, 
Amer, Soc. Agron. 38: ‘589-613. 1946. 
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Table 3.— Summary of data from supplementary experiment 
comparing Kok-, Krim-, and Tau-saghyz, 

Meati.s of 5 replications. 

Date 


Kok- 

Krim- 

Tau- 



saghyz 

saghyz 

saghyz 



No 

Plants /Ft. of Ro w 

June 1949 ^ . 


28 

33 

* 

October 1949 


25 

35 

3 

July 1950- 


15 

32 

9 



Yield of Roots, Lb 

S./A.. 

June 1949 _ 


531 

2210 


October 1949 


942 

1632 

363 

July 1950__. _ 


896 

2403 

414 




!. ,1 

Percent Rubber 

June 1949 


3.0 

1.9 

■H . 

October 1949 ... 


4.7 

2.3 

' ■ 5.0 ' 

July 1950 


6.1 

5.5 ■ ; 

6.7 



Yield of Rubber, Lbs. /A. 

June 1949 . „ 

' 

16 

41 

. Ji: 

October 1949., - 


44 

39 

20 

July 1950__ - 


54 

123 

31 


Tau-saghyz not harvested on this date. 

the consider able depth to which they must be harvested 
are disadvantages of the saghyzes. 

SUMMARY 

The rubber production potentialities of krim-saghyz, an 
apomictic Russian dandelion, were explored in an experi- 
ment invoiving three densities of plant stand, three irri- 
gation treatments, and four fertilizer treatments in factorial 
combination. Plants were seeded in the Salinas Valley of 
California in November 1948. Ail plots w'ere sampled after 
approximately 71/2 20 months. The course of rubber 

accumulation with time was followed by periodic sampling 
of selected plots. In a supplemental experiment, rubbei: 
production by krim-, kok-, and tau-,saghyz was compared. 

Maximum rubber yields of 1 40 pounds per acre were 
produced by krini-saghyz, harvested to a depth of IS inches, 
in 7 %2 months from seeding; at 20 months, 305 pounds of 
rubber per acre were harvested from plots of the best treat- 
ment combination. At each harvest, yields of roots and 
rubber were highest from plots with greatest density of 
plant stand and those to which N or NPK fertilizer was 
applied. Soil moisture had signiiicant cfi*ects on root yield, 
and on rubber yield at one harvest only, but was without 
significant effect on rubber concentration in the plants. 
Concentration and yield of rubber increased continuously 
with time, but the weight of roots decreased during periods 
of dormancy . 

The rubber production obtained from krim-saghyz was 
less than half that reported for guayule at approximately 
the same age at harvest. Krim-saghyz produced con,siderably 
higher rubber yield than kok-saghyz or tau-saghyz. 




Relative Yields of Varieties of Wheat on Fallow and on 
Cropland at Hays, Kans., 1921-52' 

John D. Miller and W. M* Ross-’ * 


I T IS generally recognized that variety yield tests should 
be conducted in a manner to distinguish real differences 
among varieties. The tests also should be conducted under 
soil and climatic conditions as nearly as possible duplicating 
conditions throughout the area for which varietal recom- 
mendations are to be made. The need for several years' 
data before making recommendations of new varieties is 
universally recognized. In areas sucii as the Great Plains, 
which have extreme climatic conditions, it is frequently 
impossible to obtain yield data due to poor or irregular 
stands, wind ero.sion damage, late freezes, drought, hail, or 
other factors. Therefore, it is important that every effort 
be made to assure good stands and adequate moisture sup- 
plies by using fallow land for yield tests, provided yields 
obtained in this manner are comparable to yields on land 
previously cropped to wheat In the Hays, Kans., area fal- 
low is recommended 1 year out of 4 for wheat farms. 
Land, time, equipment, and financial resources available 
must, of necessity, be taken into consideration in deciding 
on a plan for making yield tests. 

From 1921 to 1952, indusiye, variety plots of winter 
wheat at Hays, Kans., were 1/5 0th acre in size; a systematic 
design with tw'-o replications each wa.s employed on fallow* 
and land previously cropped to wheat. The average yield 
of all four replications was alw^ays reported as the yield of 
any variety for any particular year in Annuar Reports, 
state- wide summaries, and varietal recommendations. This 
paper reports the results of an investigation of the relation- 
ship between yields of wheat on fallowt and on previously 
cropped land. The purpose was to eliminate unnecessary 
duplication of effort if the results indicated a close rela- 
tionship betw^een yields of winter wfieat on fallow^ and 
cropland. 

No statistical correlations of yields on fallow and crop- 
land have been found in the literature on wheat. However, 
several investigators have reported comparisons by analysis 
of variance or on the basis of relative ranks of yields on 
cropland and fallow.** Using analysis of variance 
wheat varieties growm for 9 years, 1938--'46, 
and fallow*' at Woodward, Okla,, Schlehuber reported sta- 
tistically significant differences for varieties, for years, for 

^ Joint contribution from the Field Crops Research Branch, 
A.R.S., U.S.D.A., and the Fort Hays Branch, Kansas Agr. Exp, 
Sta., Manhattan, Kans. Contribution No. 88, Fort Hays Branch 
Exp. Sta., Hays, Kans, Received for publication Feb. 14, 1955. 

‘•^Assistant Professor, Kansas Agr. Exp. Sta.; and Associate 
Agronomist, Field Crops Research Branch, A.R.S,, U.S.D.A., re- 
spectively.' 

® Appreciation is expressed to Mr. A. F, Swanson, formerly 
Agronomist, U.S.D.A,, for supplying most of the yield data used 
in this study and to Mr. Wayne L. Fowlei\ formerly Assistant 
Professor. Fort Hays Branch, Kansas Agr. Exp, Sta,, for some of 
the calculations in the preliminary phases of this report. 

'‘U.S.D.A, Report of the Sixth Hard Winter Wheat Improve- 
ment Conference at Stillwater, Okk. January 23'--25, 1950, pp. 62- 
65. Permission granted by Directors of Experiment Stations in 
Oklahoma, Kansas, Colorado, and Nebraska to cite these results. 


methods (cropped or fallow* ) , and for varieties X years, 
but not for varieties X nuthods.'*’ 

Casady reported 4 years' data for 13 wdieat varieties and 
9 years’ data for 9 varieties on yield and test w*eight growm 
in 2 replications each of l/30th acre plots on cropland and 
fallow^ at Hays, Kans.‘* He compared varieties by rank and 
concluded tluit for yield there wcis some trend ft;>r early 
varieties to rise in rank on cropland wdiile midseason vari- 
eties appeared to decrease in rank. Rank of late varieties 
w'as not affected. For test weight he found no significant 
varietal difference in rank on cropland and fallowc 

Haus at Akron, Colo., ainipared 9 wheat varieties over 
a 9-year period on fallow and following corn for test w'eight 
and yield.^ No significant differences w*ere found. 

Reitz compared 5 varieties at Nortii Platte, Nebr., over 
a 24-year period, 15J25--'48, on fallow* and followdng corn." 
Ranks in both groups w^ere fairly similar wilh more vari- 
ability being found followa'rig corn. C.rop failures occurred 
in 6 years on cropland and twice on fallow'. Reitz also com- 
pared 7 varieties during the period 1938—18 on fallow and 
following corn. Hail destroyed both plantings in 1943, and 
crop failures occurred after corn in 194() and 1945 so these 
years were omitted from all comparisons. Of the 56 pairs 
of comparisons, 34 ranked the varieties the same — -plus or 
minus one place— (roughly equal to one standard error of 
a difference). In several years differential response to lodg- 
ing occurred on fallow*' but not after corn. Reitz concluded 
that a variety test on fallow^ rather than after corn w*ould 
be preferred because better stands were obtained, failure 
was less frequent, higher yields \s*ere made, differences in 
lodging, certain diseases, and some other characteristics 
wx^re more evident, field management was simplified, and 
fallow was an approved practice in the North Platte area. 
He notexi, however, that farmers might justifiably prefer 
one variety over another for fallow* or cropland under cer- 
tain circumstances as, for example, a variety wdiich might 
lodge on fallow*' but not on cropland. 

■; :/FXPERIMENTAL METHODS 

Data u.sct.1 in this study were accumulatt'd at the Hays Station 
by A. F. Swanson during 1921-1951 and by W. M, RoSvS in 1952, 
on a varying number of winter wheat varieties grown in l/50th 
acre plots in 2 replications each on fallow land and land previ- 
ously cropped to wheat. Entire plots were harvested by a binder 
and threshed or combined. Data were unavailable or unreliable 
for 1923, 1931, 1934, 1955, 1937, 1939, and 1950 beciiu.se of crop 
failures on cropland due mainly to dnnight, but in 1923 and 1931 
hail destroyed crops under both systems. A systematic design was 
employed during the entire period, but analysis of variance was 
calculated as for a randomized block experiment. 

Because varieties tested changed amsiderably over the 32-year 
period, statistical analyses could not he tnade on many entries 

""Ih'id,, p. 62. 

Ibid,, p, 63. 

Ib/d., p. 64. 

'’Ibid,, p, 65. 
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unless shorter periods of time were used. Consequently, 3 groups 
of varieties — S for the 1921-30 period, 8 for 1931-41, and" 9 for 
1942-52— were analyzed individually by years and by groups of 
years. For any one group of years the varieties remained constant, 
though some varieties were tested during more than one period. 
Bartlett’s test for hoinogeneity was used for te.sting groups. 

Varying number of varieties were grown each year. For correla- 
tion studies within years, all entries were considered in order to 
give more comparisons. For intra-varietal correlations only varieties 
under test for 9 years or more were used. All correlation coeffi- 
cients were .simple or product-moment correlations. Meteorological 
data were obtained from records of the Hays station. 

RESULTS AND DISCUSSION 

The analysis of variance for the 25 years for which data 
were available are summarized in table 1. Varieties included 
in Group I were Kanred, Biackhiill, Turkey, Kharkof, 
Harvest Queen, Nebraska 28, Nebraska 60, and Fulcaster. 
Group II included Turkey, Kharkof, Kanred, Blackhull, 
Tenmarcj, Oro, Early Biackhull, and Cheyenne. Group III 
consisted of Turkey, Kharkof, Blackhull, Early Blackhull, 
Tenmarep Pawnee, Comanche, Wichita, and Red Chief, 


Table 1. — ^Summary of mean squares for 3 groups of wheat 
varieties grown at Hays, Kans., during the 
period 1921-1952. 


Mean Square 


■ Year I 

Variety 

Method 

V.XM. 

Reps, in 
Meth- 
ods 

Error 

(V.XR. 

1 in M.) 

' i 

I92L.„: _ .. 

Group I 
78.18* 

104,04* 

12.83*t 

40.67** 

4,21 

1922. 

28.17 

444.77** 

5.32 

9.60 

15.59 

1924.. „ . 

62.48**1 

26,10 

17.64 

85.42* 

14.52 

1925 

9.20 

1243.76** 

16.89* 

15.21 

4.41 

1926. 

15.80* 

375.38** 

5.52 

14.12 

7.17 

1927 

11,75* 1 

0.13 

4.28 

7,34 

3.74 

192B . „ 

21.73 ' 

128.00* 

41.10 

43.89 

19.16 

1929._ . 2 

29.52* 1 

727.71** 

7.26* 

4.96* 

1.03 

1930 .: . . 

35.27**: 

109.52** 

11.90 

1.44 

4.83 


1 '(7) j 

(1) 

(7) 

(2) . 

1 (14.) 

1932 . . 

Group ! 
11 

8.19* 

I 

519.22** 

1.95 

0.04 

I' 1.91 : 

1933 

22.69* 

■5.12-j 

8.67 

90.70** 

! 6.59 

1936 

1 .15.. 59**! 

0.47 1 

0.98 

1,00 

1.96 

1938 

21.55**1 

53.82** 

2,69 

5.88 

1.76 

1940 . . - 

12.81**i 

21.45** 

1.31 

3.49* 

0.91 

1941 .... .. 

90.74** 

0.00 

6.91** 

27.18** 

0.21 

D.F : 

(7) 

(1) 

(7) 

(2) 

(14) 

■■ 

1942 

Group 

III 

22.46 

695.20** 

15.60 

22.94 

8.45 

1943. 

24,24**' 

639.25* 

4.56** 

3.64** 

0.56 

1944 

1 52 . 98** 

9.41 

6,98 

5.28 

1 7.55 

1945 

! 90.18** 

17.50 

10.87** 

7.49* 

. 2.03 

1946 

25.53 

382.21**i 

15.34** 

0.02 

2.88 

1947 

, 13.85* 1 

1211.04**1 

4.59 

0.46 

: 3.92 

1948 

77.49** 

70.23** 

10.30 

2.62 

5.55 

1949 

29.70** 

17.50**. 

0.52 

2.24 

1.34 

1951 

40.17** 

91.52** 

6.56** 

55.64** 

1.20 

1952 

159.55* 

734.41** 

29.83** 

2.37 

' 6.48 

D.F 

‘ (8) 

( 1 ) 

(8) 

(2) 

(16) 


* Significant at the 5% level. 

** Significant at the 1% level. 

t When the V. X M, interaction was significant it was used as the variance 
for testing varieties and methods. 


There was a lack of homogeneity of residual error variances 
within groups when tested by Bartlelt’s test for homo- 
geneity. 

A number of facts are obvious from table 1, The repli- 
cations within methods interaction w^as significant in 9 
years of 25 indicating rather variable growing conditions 
on the experimental area. High piot-to-plot variation within 
a given method of cropping, i,e. fallow^ or cropland, was 
often present wdth the result that residual errors (V. X R- 
in M.) were frequently rather large with a resulting loss 
of sensitivity for measuring differences by the variance 
ratio or F test. More replications almost ccitainly would 
have led to smaller mean squares and a more accurate 
measurement of varietal differences. 

Differences betw^een varieties were significant in 19 years 
of the 25 studied. This phase of the analysis is of minor 
importance as differences between varieties are expected. 
Many of the varieties studied have since been discontinued 
from testing. 

The difference betw^een methods of cropping was sta- 
tistically significant in 18 years of the 25. Average yield 
for the varieties analyzed over the 2 5 -year period was 25.6 
bushels per acre on fallowc and 22.3 bushels on cropland. 
This difference in favor of fallow w^ould be larger if the 
data for the 5 years when a crop failure occurred on crop- 
land w^ere included. Average yields for all varieties on 
fallow were higher in 17 of 25 years and cropland yields 
W'^ere higher 8 years of 25 studied. 

The variety X Mnethods of cropping interactions were 
significant in 9 of 25 years. Data for years wdth significant 
interactions were further analyzed on the basis of maturity 
groups to determine the source of this interaction. Only one 
variety of a given maturity w^as available in certain groups 
so that it w^as impossible to calculate sums of squares be- 
tween varieties wdthin maturities in these cases. In 7 of the 
9 years studied, the interaction of maturity X method of 
cropping was significant. In 1 year of 9 the interaction 
between early maturity X niethods was significant. For 
midseason maturity, 4 of 9 years had a significant inter- 
action. In the case of the late maturity group, in 3 of the 9 
years there was a significant interaction with methods of 
cropping. The importance of differences between maturity 
groups in creating an interaction is dearly shown by these 
■ data. ■ . ■ 

When the meterological data and other pertinent infor- 
mation are studied, there is almost always a plausible expla- 
nation for this difference. In 5 of 9 years, rainfall was 
below average and in 3 years above normal. In 4 years of 
9, temperatures were above normal, often much above. In 
5 years of 9, in 'which interactions were significant, tem- 
peratures were below normal. Years in which there were 
beiow^-average rainfall and above-average temperatures or 
vice versa were especially prone to interactions. 

Other factors such as differential fall emergence, soil 
blowing, late spring freezes, diseases, differential lodging, 
and shattering of certain varieties appeared to be important 
in 1 or more years. There do not appear to be any con- 
sistent differences in yield on cropland and fallow of par- 
ticular varieties within a maturity group; this would indi- 
cate that no one variety or group of varieties would respond 
relatively better on cropland than on fallow^ over a period 
of years. Such differences would be of considerable prac- 
tical importance if discovered since it would then be desir- 
able to recommend one group of varieties for fallow and 
another for cropland. 
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Correlation coefficients were calculated for each of the 
25 years for which data w^ere available between the mean 
yield of every variety grown on cropland and on fallow. 
Results of this comparison are showm in table 2. The coeffi- 
cients were statistically significant in 20 of the 25 years. 
In 1924, yields were very high on both cropland and fallow 
due to adecjuate rainfall w^ell distributed during the growl- 
ing season. High plot to plot variation wdthin a variety 
within a cropping method confused the situation. In 1925 
it w^as drier and hotter than normal and yields on cropland 
were very low^ As a result relative ranks of varieties varied 
considerably from fallow^ to cropland. The year 1928 was 
cool and w^et, w-ith lodging on fallow, but not on cropland; 
this caused considerable differences in relative rank of vari- 
eties on cropland and faliowc The year 1933 wars hot and 
dry with heavy winterkilling in February. High plot-to-plot 
\'ariation within a variety within a cropping method tended 
to obscure varietal differences. The year 1942 w'as wet and 
cool with lodging on fallow wdiich led to differential vari- 
etal response on cropland and fellowc 

To determine the effect of maturity on the correlation of 
yields on fallow and cropped land, each of the varieties 
which had been in the long-time summary was classified on 
the basis of the heading date as early, midseason, or late. 
The early group included Early Blackhull, Wichita, and 
Nebraska 28 . The midseason group included Blackhull, 
Tenmarq, Pawnee, Comanche, and RedChief. I.ate varieties 
induded Turkey, Kharkof, Kanred, Oro, Oheyeniie, 
Nebraska 60, Flarvest Queen, and Fulcaster. The average 
yield on fallowr and the average yield on cropland of each 
maturity group were correlated w4th the following results: 
early, r r: 4- 0,789; midseason, r 1 =: + 0.826; late, r n: 
4- 0.868. All of these coefficients are statistically significant 
indicating the close reiatlonship of yields of a particular 
maturity group on cropland and fallow^ over a period of 
years. , , 

Intra-varietal correlation coefficients were calculated for 
16 varieties each of which was grown for 9 years or more 
for yields oh cropland and fallow and are shown in table 3. 
In every case these yields were correlated, usually at the 
level of significance. 

Effects of rainfall and temperature on yields appeared to 
be pronounced m certain years. Jdierefore, correlation coeffi- 
cients were calculated for yields for each of the three 
maturity groups on both cropland and fallow with mean 
maximum June temperature and rainfall, from July 1 of 
the previous year to June 30 of the year in question. June 
is the month when kernel development usually takes place 
and when heat damage occurs most often. The following 
correlation coefficients were obtained: 


Table 2.— Average yields and correlation coefficients of yields on 
cropland and fallow within years of ail varietie.s on cropped 
and failowvgrow'n at Hays, Kans., from 1921-1952. 


Maturity group and 
cropping sysitem 


Early, fallow. . , ^ ^ . 

Early, cropland 

Midseason, fallow 

Midseason, cropland. 

•Late, fallow 

Late, cropland.. 


I Correlation* 

' coefficient for 
: mean max. June 
I temp, and yield 


Correlation 
coefficient* for 
rainfall and 
yield 


A' correlation coesfftcient of r = OJ9.6 is recj,uirecl for 1 

BSillftliiBttiSilBBSsliliilliiillB 



No. of 

Average ) 
varieties 

•ield of all 
fbu./A.)' 

Correlation 

Year 

V arieties 

Fallow 

Cropped 

V- V.^V‘ 4 ..I 4 V.'.L.W J..A W' 1 

192L - ^ 

24 

27.1 

■25.8 ' 

0.806** 

1922 - : 

■ ■ 25 . 

7.9 

14.1 

0.689** 

1924.....: - - -. 

20 

35.6 

37.1 

0.230 

1925.. : . 

18 

18.9 

5.9 

-0.124 

1926- - 

21 

14.9 

21 . 1 

0.463* 

1927- 

24 . 

9.4 

9,0 

0.641** 

1928. - 

26 

38.1 

36,4 

0.007 

1929 

21 

23.2 

13.0 

0.661** 

1930---- 

21 

34.5 

37,7 

0.677** 

1932 ... 

20 

38.2 

30.9 

0.865** 

1933 - 

20 

17.7 

15.8 

0.251 

1936 : . - .. 

19 . 

27.7 , 

27,8 s 

; 0.868** 

1938..:.,.. 

17 

26.9 

■ 23.8 I 

0.962** 

1940. 

17 

15.9 

14,0 ! 

0.834** 

194:1 

19 

32.1, 

31.0 ■,! 

0.972** 

1942.. 

17 

27.6 

■'19.4 { 

0.330 

1943.. . 

16 

14,2 

6.3 ■' 1 

0,938** 

1944- 

20 

31.3 

■31.7 i 

0.702** ■ 

1945- . 

24 

20,9 

«:>9 0 ! 

0.715** 

1946-^--,:,.. 

■ 25,: 

. 22,0' 

■. lAJl ■ 1 

' 0.673**' 

1947:.-.:- . 

■ '^1 

45,L' ' 

t.Jw, .Ml . 

, .0.605** 

1948. - 

2o . 

■ 35.6 

■7 27.4 i 

0.809** 

1949.: - 

19 

9.6 

0.4 i 

0.62'2**' 

1951 :.. 

19 

■37.8 

24.3 1 

0.810** 

1952- - - . . - . 

20 

35.7 

■■ 27,4 1 

0.826** 

Average.. . - - 


25.9 

22.. 7, . 

■0.789** 


: Statistically significant 
'■* Statistically significant 
t Correlation coefficients 

It the 
nt the i 
were mit 

level. 

Ti- lewl . ■ ■ , ■ \ ■ 

is(iinn‘4eneous when t::siec! by the y- lest, 

Table 3.^ — Varietal yields tind 

intra-varietal correlations of yield 

on cropland and fallow for individual 

varieties 

of wheat 

Tor the years indicated at Hays, Kaos. 








No. 

Averagt 
! Bu. 

‘ yield i 
A.i 1 

Correlation 

Variety 

Years 



- ..1 




Fallow 

Cropped ^ 


Early Group 

Early Blackhull „ „ 

18 

29.1 

25.0 1 

O.TSD"** 

Wichita 

11 

28.6 

24.1 ;! 

0.634* 

Nebr. 28 

10 

24.8 

22 .'2 ' 1 

0.728* ■ 

Midseason Group 
Blackhull _ 

25 

26.9 

'.23.4: ■" 

0.845** 

Tenmarq 

20 

27.6 

23:.7 

0.905** 

Pawnee 

12 

29.1 

23.6 

0.911** 

Comanche 

12 

28.4 

'23.1 ' 

0.843** 

Red Chief 

11 

28.8 

24.1 

0.907** 

Late Group 

Turkey - - 

:■ 25 ■'■' 

22.9 

21.2 

0.847** 

Kharkof „ „ 

"25 ■ 

24.5 

'21,2 ■' 

0.852** 

Kanred., 

:■ 

25.1 

21,8 

0.760** 

Oro 

11 

25.0 

. ■■23.2 V: 

0.949** 

Cheyenne 

13 

27,1 


0.867** 

Nebr. 60 .. .. - 

y „ 

22.9 

22.7 

0.781* 

Harvest Queen 

9 

20.1 

20.6 

0.891* 

Fulcaster-... - 

9 

21.6 

20.8 

0.751* 







* Significant at the S% level. 
Significant at the 1 % level 
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BURTON : BREEDING PENSACOLA B AHI AGRASS : METHOD OF REPRODUCTION 


The depressing effect of high temperature is indicated by 
the negative coiTelation coefficients which, while nonsig- 
nificant, are all approaching statistical significance. The 
greater effect of high temperature on later maturing groups 
ts borne out by larger negative values of the correlation 
coefficients for these groups. When examined on a year-by- 
year basis, large increases in temperature are almost invari- 
ably associated wdth lowered crop yields unless moisture 
supplies are unusually favorable. 

Effect of rainfall from the previous July 1 through June 
30 of the current crop year on wheat yields on cropland 
and fallow' was examined by means of correlation coeffi- 
cients. Although only three of the six correlation coeffi- 
cients wxa'e statistically significant, they all approached sig- 
nificance. The fact that the coefficient within a maturity 
group w^as always larger for cropland would seem to indi- 
cate the greater importance of seasonal rainfall for wheat 
grown on previously cropped land. Stated another way, 
wheat on fallow land seems less dependent upon rainfall 
during its growling season than wheat seeded on cropland. 

The relationships, pointed out in this paper, warrant 
abandonment of wheat variety tests at the Hays station on 
cropped land. This already has become the practice of sev- 
eral other stations in the Great Plains. There is little room 
to doubt that well-conducted experiments adequately repli- 
cated wdli yield more information per unit of land and 
effort over a long-time period when on fallow than under 
both methods. Greater certainty of getting yield data and 
higher yields of seed are other advantages for using fallow' 
land in addition to the advantages pointed out by other 
investigators.-^ 

pp. 62-65. 


; SUMMARY. 

T , Yields of winter wheat at Hays, Kans., on fallow'ed 
and previously cropped land w'ere compared for a number 
of varieties for 1921-52. Seven years' data w'ere omitted 
because of hail or drought damage. 

2. Analyses of variance disclosed the following number 
of statistically significant comparisons out of 25 years’ data; 
9 for replications within methods; 9 for variety X methods 
interactions; 18 for betw'een-methods comparisons; and 19 
for between- variety comparisons. 

3. Correlations within years of average variety yields on 
cropland and fallow w'ere significant in 20 of the 25 years, 

4. Intra-varietal correlation coefficients of yield on crop- 
land and on fallow' w'ere statistically significant for all 
varieties. 

5. When varieties w'ere grouped for maturity, significant 
correlations w'ere found between yields on cropland and on 
fallow' for each of the groups, early, midseason, and late. 

6. G or relation c'o efficients between average yields of a 
maturity group wdth mean maximum June temperature re- 
sulted in a negative correlation coefficient both for cropland 
and faiiow', wdiich approached but did not reach signifi- 
cance. Greater values w'ere obtained for the later maturing 
groups indicating more yield depression wdth later maturing 
varieties,' . 

7. Correlations between rainfall for the crop year and 
average yields of these maturity groups on cropland and 
failow' gave positive coefficients wdth three of the six being 
significant. Ail others approached significance. 

8. Data presented in this paper w'arrant abandonment of 
wiieat varietal testing on cropland at Hays, Kans., wdth 
more intensive testing on fallow. 


Breeding Pensacola Bahiagrass, Paspalum notatum. 
1. Method of Reproduction 

Glenn W.'Burton^^ 


■ ’OENSACOLA Bahiagrass has become one of the most 

wf popular perenniaf^ p grasses in Florida and the 
southern part of the Gulf States. Its persistence, ability to 
grow' on poor soils, excellent seeding habits and ease of 
^ establishment are responsible for much of its popular 

It was named by County Agent E. H. Finlayson (9), w'ho 
found it growdng wdld in the vicinity of Petisacola, Fla,, 
and concluded that it had been introduced In the ballast 
dumped on the low' land adjacent to the old Perdido Wharf 
^ before 1926. The dose similarity between Pensacola Bahia 

: ^ Cooperative investigations at Tifton, Ga., of the Field Crops 

; Research Branch, A.R,S., U.S.D.A., and the University of Georgia 

; Coastal Plain Exp. Sta. Contribution of the Department of Agron- 

omy, University of Georgia Coastal Plain Exp. Sta, Published writh 
the approval of the Resident Director as Journal Series Paper 
Number 33, Received Feb. 18, 1955. 

f “Principal Geneticist, U.S.D.A., Tifton, Ga. The assistance of 

^ J. A. Skinner, Agricultural Aid, U.S.D.A. and the University of 

1;, Georgia Coastal Plain Exp. Sta., Tifton, Ga., in the routine work 

associated with this investigation is gratefully acknowledged. 


and an introduction, P.I. 149303, received from Argentina 
in 1945 suggests that it also originated in that country. 

Pensacola Bahia is taller, spreads faster, and has longer, 
narrower leaves than common and most other Bahia grass 
introductioiis ( 5 ) . It is more f ro.st resistant and winter- 
hardy but is also tougher and less palatable than these types. 
It is more resistant to ergot than any of these Bahias, but 
is susceptible to Helminth ospori/im sp. and Rhizoctonia sp. 
The seeds of Pensacola Bahia are smaller and germinate 
more readily wdthout scarification than the seeds of the 
other Bahias but they also shatter much wmrse. Pensacola 
Bahia contains 20 somatic diromosomes, whereas all other 
Bahias examined to date, except introduction P.I. 149,303 
(also 2n r: 20), have had 40 chromosomes as the 2n 
number. A breeding program directed tow'ard the end of 
improving this grass was begun at Tifton, Ga., in the 
summer of, 1941. It is the purpose of this paper to report 
the findings relative to the breeding behavior of Pensacola 
Bahiagrass. 
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Two lots of open-pollinated seed of Pensacola Bahiagrass from 
the Pensacola, Fla,, area supplied the basic material for these 
investigations. The similarity of the progenies from these two lots 
of seed and observations of plants growing wild in the Pensacola 
area indicated that these lots of seed were an adeejuate sample of 
the ecotype. 

Measurements for progeny behavior were based on individual 
seedling plants spaced 3 by 3 feet apart in the held. These plants 
were established by planting scarified seed in rows in flats, trans- 
planting the desired number of seedlings to 2-inch clay pots and 
finally transplanting the potted plants to the field when they were 
large enough to insure their successful establishment. Overhead 
irrigation \vas used when needed. Selfed and open-pollinated 
plants of each clone were paired at random and replicated to enable 
direct comparisons and allow for statistical analyses of the results. 

Self-pollination was accomplished by several difl'erent methods. 
Drinking straws were used for selfing in the field because panicles 
enclosed in glassine bags broke ofl' unless the bags were supported 
with stakes. : The drinking straws 'were slipped over the elongating 
panicles and folded at the top to close them just prior to anthesis. 
Very few panicles W'ere broken with this selling technique. Self- 
polfination in the laboratory was achieved by enclosing panicles 
( with a short piece of rooted stolon attached) in 3 by 2 by 14 inch 
glas.sine bags and immersing the rooted stolons in water. A num- 
bered merchandising tag was attached to each bagged lot of heads 
to establish its identity and allow for the grouping of a number 
of clones in each gallon can of water. The bags were shaken each 
day dunng anthesis to favor poilinatiofi. _ 

Mutual pollinations between pairs of 47 different clones were 
accomplished in the laboratory by enclosing two panicles of each 
(>f the two clones involved: in a large glassine bag and immersing 
the rooted stolons in water (7). Care was taken to choose panicles 
of equal length and maturity (ready to flower). All bags were 
shaken each day during anthesis. Due to a: lack of panicles, only 
705 of the 1,081 pos.sible mutual pollinations could he made. 

The percentage seed set was ascertained by dividing the number 
of florets containing caiyopses by the total number and multiplying 
by 100. A controlled air blast (4) wa.s used to separate the empty 
florets from those containing caryopses. 

^7"" ■ results : ^ 

A group of 43 Pensacola Bahia clones selfed in the labo- 
ratory by enclosing several panicles in large glassine fcags 
developed an average of 6.0 caryopses per 100 florets. An 
average percentage seed set of 6.0^4 was obtained wlicn 
another lot of 57 clones was selfed in the field by enclosing 
singje panicles in jumbo waxed drinking straws (3/16 inch 
diameter by 8 inches long). The percentage seed set by 
these 37 clones dropped to 2.1 and 3.0f>' when single 
panicles were enclosed in small waxed drinking straws and 
small glassine drinking straws (l/^ inch diameter by 8 
inches long), respectively. At the same time, these 57 
clones developed an average of 89.5% of caryopses per 100 
florets when open-pollinated. 

Since the average percentage seed sets under jumbo 
straws in the field and under glassine bags in the laboratory 
were the same and since their distributions were similar, 
they were pooled to give the self-fertility distribution shown 
in table 1. These data indicate that a few clones of Pensa- 
cola Bahia are reasonably self fertile but that most of them 
are self sterile, setting less than 10%j of seed. 


Although the seed set of duplicate panicles sometimes 
varied considerably, the average seed vSet for the 4 panicles 
involved in each mutual pollination ranged from 40 to 
80L/ in most instances. In only 4 mutual pollinations did 
all panicles involved set less than 5% of seed. Three 
mutual pollinations fell between 5 and lO^v in seed set 
and 3 set more than 10% but less than 15%. of seed on 
each head involved. Only one mutual pollination pair, in- 
volving clones setting more than 15% of seed when selfed, 
set as few^ seeds as the selfed clone. This pair had 1 clone 
in common with a mutual pollination pair that fell in the 
5 to 10%' class. 

Although the inheritance of the self-sterility observed in 
Pensacola*^ Bahia was not investigated, a compatibility^ rela- 
tionship of the diploid personate type of multiple opposi- 
tional factors is suggested. According to this hypothesis 
(shown by Atwood (1) to be responsible for similar, but 
more extreme self-incompatibility relationships in wliite 
clover), sterility results because pollen tubes from grains 
carrying the same allelomorph as one of those in the pistil 
are unable to grow long enough to eifect fertilization. Con- 
versely, normal pollen tube growth and fertilization result 
when the pollen grain carries on allde difl'erent from those 
in the pistil. 

If mutual pollinations giving panicles setting no more 
than 15%: of seed or no more seed than tlie self-fertile 
clones (when selfed) be considered evidence of cross- 
incompatibility, it may be concluded that l U dories carried 
the same S (self-sterility) alleles as 11 other clones. In 
three instances, the same done was involved in two of these 
mutual pollinations; that is, A X B and A X C were both 
cross-incompatible. Although the third possible cross in 
these instances, B X C, was not made, the results suggest 
that three groups of three cioiies each carried the same S 
alleles. Thus, a minimum of 8 S factors could explain the 
cross-incx>nipatibility observed in the 19 clones involved in 
these mutual pollinations. Had all other possible mutual 
pollinations been made and found cross-compatible as were 
the remaining 694, evidence for the existence of a minimum 
of 28 additional S alleles would ha\'e been established. 
Since only 65 ‘'V- of the pixssible mutual pollinations were 
made, this number must be reduced. 

Atwood (2, 3) demonstrated theexislence of 2"^, 26, 36, 
and 39 different S alleles in four lots of while clover. 
Emerson (8) found 3^1 different alleles for self-incompati- 
bility in a natural population of 500 plants of Oenotherd 
oYganens)^, The results reported here indicate that many dif- 
ferent factors (perhaps of the S type) are responsible for 
the self-incompatibility observed in Pensacola Bahia. They 
indicate further that most plants in a natural population 
will be cross-compatible, will intercross freely, and will set 
seed well. 

Variability in Natural Populations 

In the summer of 1941, 50 spaced, open-pollinated 
plants from a natural population of Pensacola Bahia were 


Table 1. Range in the ability of clones of Pensacola Bahiagrass to set seed when self-pollinated under bag. 


Percentage of florets to set seed 


, Number of plants.. „ . 


0 tb 

! 1.1 to 

2.1 to 

8.1 to 

to 

5.1 to 

10.1 to 


2.0 

3.0 



10.0 

15.0 






25 

10 
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Table 2. The comparative performance of self ed and open-pollinated progenies of 13 Pensacola Bahia clones space 

planted in the field on May 26, 1944. 


Progeny performance in October, 1944 


■ SiMuiticaJit ut S':! Irvel, 
ill I!; level. 



Clone Tested 

Plant yield in g. 

Seed yield in g. 

Leafiness ratingt 

1 : 

Self- 

pollinated 

Open- 

pollinated 

Sig. of 
diff.t 

Self- 

pollinated 

Open- 

pollinated 

Sig. of 
diff. 

Self- 

pollinated 

Open- 

pollinated 

Sig. of 
diff.’^' 

I 

U...- , 

211 

180 

'i: 

7.50 

6.50 

NS 

2.56 

2.60 

NS 

; 

■ 4_.^ 

84 

120 


2.68 

3.07 

NS 

2.72 

3.24 

NS 


6„ .. - - 

120 

140 

NS 

3.01 

5.18 


4.20 

3.40 


. 

8,....-. - 

137 

200 


3.42 

4.46 

NS 

3.00 

3.35 

NS 


11 ■ - 

83 

90 

NS 

2.96 

2.95 

NS 

2.44 

2.80 

NS 

1 

12. - - : - 

138 

13V 

NS 

2.70 

3,20 

NS 

2.30 

2.76 

NS 


FT. 

128 

188 


1.47 

5.40 


2.60 

2.96 

NS 

i,' 

16. -- _ 

94 

155 

Jf: -h- 

3.57 

4,32 

NS 

2.40 

2.44 

NS 

If!'! ■ ! 

19 - ^ 

126 

189 


3.20 

5.01 


2.48 

3 , 56 



20.. - 

140 

151 

NS 

2.36 

2.88 

NS 

3.16 

1.60 


' 

22 

55 

: 145 

•is:): 

.96 

3.76 


1.55 1 

1.68 

NS 


23 ] : „ ■ . 

32 

1 111 

:5c 

.59 

3.95 

It. . 

2.64 

3 . 04 

NS 


24 - - 

77 

1 105 

NS 

1.67 

3.87 

■ 

3.00 

2.60 

NS 

r; 

Ave - - 

1 109.7 

147.0 

1 

^ 1 

00 . 

4,20 1 


. 2.70 ■ 

2.77 

1 . NS. 

1 . .. 


t F vaiuf;;'* calciihitvC for J hi.* proiionie;. of ivich vlonv form tin* for 

aliove, 

J LeafVnvss ratings ranged from I to 5. wiih I being tho Ivafiei^t. 

the sigiiihcanco of the difft?ri 

‘nee; between 

the ••elfed and 

open-pidlinated means shown 

1 : ^ 

SIS! 1 


f found to be extremely variable in plant type, seed produc- 

tion, nite of spread, leaf length, and leafiness. In addition 
I to these characters, variations in forage production, disease 

I resistance, seed .shattering, and anther color were studied in 

i natural populations totaling several thousand in later years. 

, The great variation in all characters studied and the failure 

I to find two identical plants in these studies indicate that 

I Pensacola Bahia reproduces sexually and is highly cross- 

l pollinated. This is an interesting contrast to common Bahia 

I grass (2n rz 40), which appears to be very highly, if not 

I completely, apomictic in its mode of reproduction (6). 

; Inbreeding Efifects 

I In the summer of 1943, an effort was made to produce 

sel fed seed on 43 different Pensacola Bahia clones. Only 
13 produced sufficient .seed to allow for progeny tests in 
1944. A comparison of the selfed and open-pollinated 
? progenies (25 plants, in most instances) of the 13 clones 

j revealed that ail were highly variable. Individual plant data 

for three of the characters studied have been summarized 
■ in fable 2. This summary shows that the first generation of 

f inbreeding, on the average, reduced forageyields 25(f and 

seed yields 345 did not affect ieafiness. Seven of the 
13 clones pirodiiced significantly less productive progenies 
when selfed than when open-pollinated. A significant re- 
duction in seed yield occurred in 6 of the 13 clones as a 
result of inbreeding. Only clone number 1 gave rise to a 
; selfed progeny that outyielded its open-pollinated offspring 

and the difference in this instance barely reached the 5% 
level of significance. Attempts to carry some of these lines 
1 into the generation met with increasing difficulties. 

Many Sj clones set too few seeds to give a suitable S., 
I progeny and the few small S.^ progenies grown out showed 

j additional reductions in vigor. Thus, it appears that in- 

i breeding may be expected to reduce the vigor and yield of 

f Pensacola Bahia, just as it has been demonstrated to do in 

many other highly cross-pollinated species. 

U v'V"': U 


SUMMARY 

Pensacola Bahiagrass, Paspalum notatum, a vigorous, 
well adapted species that probably originated in. Argentina, 
is a popular perennial pasture grass in Florida and the 
southern part of the Gulf States. Studies of the method of 
reproduction in this species reported here show that: 

1. Most Pensacola Bahia grass plants are highly self- 
steriie. Fifty -seven clones that set 89.5% of seed when 
open-pollinated averaged only 6.0% seed set when selfed, 

2. Six hundred and ninety-four of the 705 mutual polli- 
nations made between 47 Pensacola clones set seed well, 
indicating that most clones are cross-compatible and that 
many factors (perhaps of the diploid personate type of 
multiple oppositional alleles) are responsible for. its self- 
sterility. Thus, most plants in a natural population should 
be cross-compatible, should intercross freely, and should set 
seed well. 

3. The extreme variability observed betv/een many spaced 
clones in plant type, seed production, rate of spread, leaf 
length, Ieafiness, forage production, disease resistance, seed 
shattering, and anther color indicates that .Pensacola Bahia 
grass reproduces sexually and is highly cross -pollinated. 

4. The first generation of inbreeding 13 clones reduced, 
on the average, forage yields 25% and seed yields 34%^ 
but did not affect Ieafiness. Thus, it appears that inbreeding 
may be expected to reduce the vigor and yield of Pensacola 
Bahia as it has been demonstrated to do in many other 
cross-pollinated species. 
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Estimates of Genetic and Environmental Variability in Soybeans^ 
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R ecent studies on a number of characters of soybeans 
- have been directed toward estimation of heri lability, 
that is, the fraction of variance in phenotypic expression 
that arises from genetic effects. However, the diitefent 
metliods employed do not necessarily estimate tlie same 
thing. For example, variance and regression methods of 
estimating heritability of plant differences estimate the 
same thing only if ail gene effects are additive. The nature 
of the selection units (plant, plot, mean of several plots, 
etc.) and sampling errors also influence greatly the magni- 
tude of heritability estimates. Therefore, any meaningful 
comparison of the estimates obtained in different situations 
must include a careful evaluation of the methods and 
materials employed, 

Heritabilities of individual plant differences were esti- 
mated by Weber and Moorthy (5), using data on spaced 
plants of four varieties and the and F 2 of three crosses 
involving the varieties. Variance among plants within the 
Fj’s and the varieties was equated to environmental vari- 
ance and subtracted from variance among F\ plants to ob- 
tain estimates for genotypic variance. Heritability, the ratio 
of genotypic variance to F., variance, of yield was estimated 
to be 0 , 13, and 60(;c in the three F^, populations. The esti- 
mates for other characters were much more consistent from 
population to population and averaged as follows: flower- 
ing time, 75.6; maturity date, 75.3; period from flowering 
to maturity (fruitingperiod), 55.7; plant height 62.0; seed 
weight, 54.3; and oil percentage, 54.7. Using the same 
method except that estimates of environmental variances 
w^ere based only on variance among plants within the parent 
varieties, Mahmud and Kramer (4) estimated the herita- 
bility of yield and height in the Fj, of a varietal cross to be 
43.4 and 40.69f, respectively. As painted out by Weber 
and Moorthy, these estimates of genotypic variance contain 
variance due to genotype-environment interaction effects as 
well as genotypic variance. 

Heritability of individual plant differences also may be 
estimated by the regression of progeny means on the per- 
formance of single plant parents. Bartley and Weber (1), 

^Contribution from the Departments of Agronomy and Experi- 
mental Statistics, North Carolina State College, Raieigh, N. C., 
and the U.S. Regional Soybean Laboratoiy, Urbana, III.; Journal 
Paper No. 61 4, North Carolina Agr. Exp. Sta.; Journal Paper No. 
270, U.S. Regional Soybean Laboratory, Received for publication 
Feb. 21, 1955.' 

* ’Research Agronomist, Field Crops Research Branch, A.R.S., 
U.S.D.A., Beltsviile, Md., and Profes,sors of Experimental Sta- 
tistics, North Carolina State College, respectively. The writers wish 
to acknowledge the cooperation and assistance of Mr. F, L Collins 
and Mp 0.,A.. Krober, of. the U.'S. Regional Soybean Lalsoratory,. 
who did all chemical analyses involved in this investigation. 


using F., and F.. parents, obtained estimates for yield, plant 
height, and maturity date, which averaged 15, <36, and r . 
respectively. Using the same method for F.. parents, 
Mahmud and Kramer ( 4 ) obtained tsliniaies ot 5.y, 35.3, 
and 50.3'; f for yield, height, and malurily, respectively. 

Tile regression of F.j line means on F.. line means esti- 
mates heritability of differences among the Ic, line means. 
Such estimates by Bartley and Weber ( 1 ) were 45, 62, and 
92 and by Mahmud and Kramer (4 ), 77, 91, and lOO^r 
for yield, height, and maturity date, re.spectively. The F.. 
and F,j lines were evaluated in different years in the first 
case and each F.. line and its .1/ progeny were evaluated in 
subplots of the same whole plot in the second. 

The purpose of the present investigation was to estimate 
for two segregating populations of soybeans / / / genetic 
variance among F.. lines in the F.^ and F, generations, (2) 
variance due to genotype-environment interactions, and 
(3) progress to be expected from selection. 

MATERIALS AND METHODS 
Field Experiments and Data Collected 

'I’wo populatiluis uf Fn lines of soybeans were studied in the Ft 
and Ff; generations. Fdghty-nine lines resulting Fr4)m the cross 
Roanoke X Palmetto, (population 1), and 64 lines fnan the cross 
N42-26 X Seminole (population 2) were evaluated. Each line 
traced to the seed of a randomly chosen F;* plant. .In both popula- 
tions, lines in the F.j generation were grown in 1950 and the Fn 
generation in 1951. Population 1 lines were grown at McCullers 
and Statesville, N. C., and Monetta, S. C. (later referred to as 
Location 1, 3, and 2, respectively). Populatit.m 2 lines were grown 
only at McCuliens and Monetta. Lines in each population were 
arranged in a randomised block design with 2 replications at each 
location in the 2 years, with a different randomi:^atiun for each 
test. The plots were single, 19-foot rows, evith 3'foot spacings 
between the rows. The seed were drilled at a spacing of 8 viable 
seed per foot of row. In 1950, growing conditions were good at 
all locations with above average rainfall that was well distributed 
throughout the season, except for a short period of drought late 
in the growing season at location 2. In 1951, conditions were good 
early in the growing season, but a severe late-summer drought 
occurred at all three locations. The plots at locations 2 and 3 ^'’ere 
not harvested j and yield at location I was only 61% as high as 
in 1950. 

A 16-foot section of each row was harvested for yield and chem- 
ical data were obtained from analysis of a 60-g. sample of beans 
from each plot. Characters measured on a plot basis were as fol- 
lows: (1) time of flowering — recorded as the number of days from 
emergence to the date wlien half the plants in the picjt were flower- 
ing; (2) fruiting period — recorded as the number of days from 
flowering to maturity; (3) maturity — rectu-ded as the number of 
days from Sept. 1 to the date when all pods were ripe; (4) yield 
of seed in grams per plot (variances and means were converted to 
a bushels per acre basis for presentation) ; (3) seed weight- — re- 
corded as grams per 100 seed (based on weight of 200 seed per 
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plot); (6J Imghi in inches; f7> lodging (scored from 1 to 5, 
with 1 indicating almost ail plants erect and 5 all plants lodged 
badly) ; /6?> shattering (the plants leinaining after the l6Taot sec- 
tion was harvested were scored from 0 to 5 approximately 2 weeks 
after harvest, with 5 indicating over 5D% shattering; (9) protein 
percentage; (lOJ oil percentage; md (11) iodine number of the 
oil. Both oil and protein were computed on a dry weight bisis. 
Measurements w’ere taken on 10 random iy-selected plants per plot 
at locations 1 and 2 only and the lO-plant mean used as the plot 
value for the following: f 7/ number of branches; (Jj number of 
nodes on main stem; (3) number of fruiting nodes on main stem; 
(4) average length of Tnternodes of main stern; (5) number of 
pods per plant containing at least one fully developed seed; (6) 
percent of pods with one seed;T7J' percent of pods with two seed; 
f6V percent of pods with three seed; (9) average number of seed 
per pod; (10) percent undeveloped ovules in pods containing one 
or more good seed; (llj number of seed per plant; (12) average 
number of seed per node; and f 73 J number of ovules per plant. 
Data on items 6, 7, 8, 9, and lU were based on a sample of 20 
randomly selectecl pocls froni each plant measured. 

The primary purpose in taking much of the data on non-economic 
traits was to determine if any wtvv dosely correlated genetically 
with characters such as yield and oil content and, if so, whether 
lieritabilities for any of these non-economic traits w' ere great enougli 
to make them useful as criteria for seivction. The correlations will 
be presented in another paper. 

Analyses of Variance and Estimation of 
Variance Components 

Analysis of the data was predicated T>n the assumption that per* 
formance as measured in any of the characters considered was 
composed as indicated in the following equation: 

+ h f Ij T f bjj„u T -I- C-Dij T T 

■f jkiii ' 

where Xjjkm is the measured value for the plot specihed by sub- 
scripts, . 

g is the population mean. 

Si is the genotypic effect for the ith line, 
b is the eff'ect of the jth location, 
yk is the effect of the kth year, 

bjkm is the effect of the mtli block (of the randomized block 
field layout) at the jth location in the kth year, and 
Ci jkm is a composite of remaining effects (including the plot 
eff'ect, error due to sampling among the plants of a 
line, and error of measurement.) 

Combinations of symbols refer to effects of interaction between 
factors indicated by the single symbols. For example, (.si) i pis the 
effect resulting from interaction between genotypes of the itli line 
and environments of the jth location. 


Population variances will be symbolized by 'md their sub- 
scripts will indicate the source. For example, will signify 
variance of effects arising from interaction of lines with locations. 

It is of prime importance to note that the genotypic effect, s, 
reflects the genotypic value of a line as an average for the popu- 
lation of environments of which the locations and years in which 
the data were obtained were considered to be a sample. It follows 
that is genetic variance (among lines) in average merit with 
respect to that population of environments. The special significance 
of ff-s arises from the fact that in practical breeding programs it is 
average genotypic value over the range of environments encoun- 
tered in a region in successive years with which the breeder is 
concerned. 

The data from each individual field trial (i population at 1 
location in 1 year) were examined separately and in various com- 
binations by analysis of variance. Combined analyses involved (1) 
data for both years at 1 location, (2) data from 2 or 3 locations in 
1 year, or (3) data from 1 location in 1950 and a different loca- 
tion in 1951. Data from the two populations were handled .sepa- 
rately throughout. The form of variance analyse.s and associated 
mean .square expectations are presented in table T. Note from Sec- 
tion C of the table how the components of (progeny variance)'^ 
and tz-j (interaction variance) vary depending on the source of 
data analyzed and that only in the analysis of data from 2 years in 
which diff'erent locations were involved each year does the progeny 
variance provide an unbiased estimate of genetic variance, 

Thus it is by sampling the environments that the estimate of 
becomes a more meaningful and realistic estimate of the variance 
of major interest, Separate estimates of <7%', and 

could not be obtained from any one of the analyses 
described. 

Estimates of variance components (<T“s, etc, ) were substi- 

tuted foty the parameters in the following formulae to obtain esti- 
mates of heritability and expected genetic advance from selecting 
among lines: 


Heritability ( H ) 


iT^clv O'-., 

-ity+^andis 


^the phenotypic variance among the means of lines compared in 
T* replications, 1 locations, and y years. 


Throughout the remainder of thi.s paper will be used to 
designate progeny variance from which estimates of the variances 
due to the interaction of lines dvith locations, lines With years, and 
lines with locations and years have been removed, and will refer 
to progeny variance which contains the variance due to one or more 
of the interactions, in addition to the genetic variance. 


Table L-—Form of variance analyses and mean square expectation. 


A. Analysis for data from one location in one year 

Replications - - r — If 

Lines p — 1 

Error : (r-Tup-lj 

B. Analysis for data from two or more environments* 

Environments - n- 1 f 

Replications in environments .. .. n f r — 1 ) 

Lines p — 1 

Lines X environments (n — 1 ) ( p ~ 1 ) 

Error... nir — lM!p — 1) 

C. Composition of 1 and as affected by data involved 

Data from - i 


One location in one year 

Two or more locations in one year. 

Two years at one location 

Two years, different location each year. 


O' ^ s l + O’ " K 1 y 
or “ »y+<r “ » ly 


* Environments may differ with respect to location, year, or both year and location (see text) . ^ 
tn, r, and p symbolize numbers of environments, replications per environment, and lines, respectively. 


Mean square expectation 


or - -f- Tor - j) 


cr n -f- Ycr - 5 -f mo - p 
o-'L.-i-ro* - i 




or - H + ff 2 gy 

<r- s + o- ® s 1 


IHI 
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Genetic Advance (Gs) 


X kcr,,,, 


where kcfi.h is the selection cliRereiitiai expressed in phenotypic 
standard deviations. For the purpose of this paper/ k \vas given 
the value 2.06, which is its expectation in the case of live percent 
selection in large samples from a normally distributed population. 


general heritability of yield in both populatioos was sub- 
stantially smaller than that for the other characters meas- 
ured on a plot basis; however, genetic advance for yield was 
greater than that for percent oil or protein, or iodine 
number. 


EXPERIMENTAL RESULTS 


DISCUSSION 


Estimates of variance components for yield, height, seed 
weight, and percent oil obtained from data collected in four 
environmental situations are presented in table 2. 

The relative si 2 e of the progeny and interaction variances 
for yield in population 1 indicated that a large proportion 
of the variability in this character was environmental, with 
cr-j being more than twice the size of d'-p. contrast, (x-p 
for yield in population 2 wcis greater than in two of the 
three environments that provided an estimate of these vari- 
ances. The differences in the ratio of d--p to a-) for the two 
populations indicated that the relative yields of lines in 
population 2 were inffuenced less by the environments in- 
volved than those in population 1, biU they do not provide 
an indication as to whether this was due to differences in 
the environments sampled in the evaluation of the two pop- 
ulations or the fact that relative yields in population 2 are 
actually influenced less by environmental differences. 

The very small progeny variances for yield in both popu- 
lations at location 1 in the extremely divergent years of 
1950 and 1951 indicated that there was very little genetic 
variability in either population when average performance 
for the. 2 years was considered/ and the large interaction 
variances in epmpanson to progeny variances indicated 
extreme genotype-environment interactions in both popu- 
lations: 

Progeny variances for height, seed weight, and percent 
oil wxTe more consistent in the four environments and the 
relative size of progeny variance to interaction variance was 
in general much greater than those for yield. 

Estimates of heritability and genetic advance expressed in 
percent of the mean obtained from the combined analysis 
of data for locations and years are presented in table 5. In 


Genotype-Environment Interactions 

Accurate estimates of components of variance provide a 
basis for critically evaluating breeding and testing proce- 
dures. One cannot be sure that the estimates are accurate, 
and it is important to recognize their limitations when they 
are estimated from inadequate data, and to know that they 
ate normally subject to substantial sampling errors. 

Variance components presented in table 2 illustrate how 
erroneous conclusions may be drawai from e-stiioates based 
on inadequate data. The estimates ot <r“j, are the best esti- 
mates of provided by the data in the environmental 
situations speciffed; however, estimated by data from 
one location and one year contains not only but 
(jr^y, and ^rx^y as well. If the latter components are impor- 
tant, predictions based on for a single year and location 
would not be realized in future years or at other locations 
in the region. The interaction variances were especially im- 
portant for yield of popiff I in this study, Thcf genetic 
variability indicated by the dara lor I locatioii and 1 year 
was reduced 71% wJien a\'er.ige performance c>ver locations 
and years was considered. In contrast, o\er half the genetic 
variability for height, seed weight, and percent oil of both 
populations and yield of population 2 at 1 location in I 
year was maintained \vheir mean performance over years 
and locations was considered, and the interaction variances 
W‘ ere very small in comparison to those for yield of popu- 
lation. 1. The interaction variances indicate the variability 
in the relative performance of genotypes in different envi- 
ronments, and their magnitude in comparison to genetic 
variances for various characters and different popuiations 
determine the need for replication in locahi)ns, years, and 
individual tests, in the accurate estimalion i»f themeans 
upon which selection is based. 


Table 2. — Variance components for four characters measured in four environments. 


Variance estimated by a~p 


Variance esti muted 


Character 


Popula- 

tion 


Height 


Seed weight _ 


Oil 


2-3 loc. 

1 loc. 

2"”3 loc. 

1 loc. 

■ 2-S loc. 

1 loc. 

2-2 loc. 

2 yrs. 

2 yrs. 

I yx^ 

■■TyL, 

,.:.2 yr.s., . 

,2',,yrs. 

Lyr. 


. ' cr “ -/-I- ■ , . ■ 

cr-s-f 



■ IT v+ : 

0 *' a 1 + 

u- 2 / 

0- 1 1 

a-Uyt , 

O' - Hy + O- S l.v§ 


■ O' 'gf. 1 y t ' 

■ O - « 1 vj 

1. 72 : 

0.09 

2.34 

■ 5.99: ':" 

'■3 .'57 ■ ' , 

^ ' . 1.57 : ; 

5 . .55 

2.33 

0.25 

2.49 

: 2.94 

i;:2SY.'/ 

■ 1.99 ; 

1.47 

7.19 

5.76 

■■ '■'"■■ 9 .18. 

9.86 

i'T'''v:2.63'.,' 

.00 

^-^.: 2.64 : 

9.34 

9,53 

8.36 

9.98 

; ;/4 /39\.;; ■ : 

BB 1.40':.: 

.97 

.53 

: .70 


1.03 


. .:29V.' ■ 

22 

4.06 

1: : ■■s.Bl ,:j 

4.66 

4.47 

.43 

./■ ; . .39:';:; 

/f /'iS 

.159 


.182 

.245 

.083 

042'' 

,056 

.289 

,304 : 

■:..:;l//.344:'V' 

.368 

.103 

:/:/■■ .01:8;; / 

.046 










^Average of components from analysis of data from location 1, 1951 -f location 2, 1950, and location 1, 1951, 4- location 3, 1950, f<jr nooulaiion I- and from 
.locations I and 2 only for population 2. , » , . i ^ « 

t From analysis of data from location L 1950 and 1951. 

'■ . „ . j From analysis of data from location 1 -f 2 + 3, 1950, for population 1; and from location 1 4~ 2 for population > 

T . I AVemge of components frpm^ individual analysis of data from location 1, 2, and 3, 1950, and location L 1951, for population 1; and I«Jcations 1 and 2 1950, 
.and, location i, 1951, for population 2, 
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JOHNSON ET AL: GENETIC AND ENVIRONMENTAL VARIABILITY IN SOYBEANS 


Investigations by Weiss aL (6) and Kalton (3) indi- 
cated that the yields of F, lines at 1 location in 1 year were 
not indicative ot the relative yields of the progenies at 
the same location the following year. However, Bartley and 
Weber (1) obtained correlations of 0.4 to 0.5 between the 
yield of F.. lines obtained at 1 location in 1 year and the 
mean yield of two lines from each F,. line at the same 
location the following year; and Mahmud and Kramer (4) 
found that when tested under identical conditions, the 
yields of bulk F,^ progenies showed a very high association 
with the yields of their F., progenitors. The results of 
Mahmud and Kramer indicate that the yield of an F. line 
should give a good indication of the yield to be expected 
from the Fj progeny, and by comparison with results of 
the other workers, they suggest the importance of genotype 
X environment interaction variance. 

The environmental differences varied greatly in the in- 
vestigations mentioned above. Mahmud and Kramer de- 
signed their experiment so that the environments in which 
the F.. and F.. generations were grown were almost identical. 
Bartley and Weber stated that fairly normal conditions for 
growth were encountered in their study, while both Weiss, 
et id. and Kalton pointed out that the growing conditions 
differed considerably in the 2 years in which the F.>^ and F^ 
generations were grown. Large environmental differences 
in the present investigation produced results in agreement 
with those obtained by Weiss, et rf/. and Kalton, whereas 
smaller differences in environments yielded results similar 
to those obtained by Bartley and Weber. It is evident, there- 
fore, that emdronmental effects account for much of the 
failure of the yields of soybean lines to be indicative of the 


yields of their progenies, and it seems likely that the failure 
of bulk population tests to give reliable predictions of yield 
potentialities of crosses as reported by Weiss, et al. {6y md 
Kalton (3) may have been due in part to cross X environ- 
ment interactions. 

All the investigations reviewed obtained essentially the 
same results with respect to height; i.e., the height of an Fjj 
line gives a good indication of the height of the progeny. 
In the present study the relative heights of F.^ lines in the 
F,yand ly^ generations were more consistent from one envi- 
ronment to another than relative yields, and similar results 
w^ere obtained for oil and protein percentage, resistance to 
lodging and shattering, maturity, iodine number of the oil, 
and seed weight. Thus it appears that early generation test- 
ing and the preliminary evaluation of advanced lines, in 
which the lines are selected on the basts of a replicated test 
at 1 well-chosen location in 1 year, should be effective for 
most of the important characters in soybeans except yield. 

The difference in the effectiveness of selection for various 
characters has two important implications in soybean breed- 
ing. First, if a negative genetic correlation exists between 
yield and one or more other characters which are selected 
for, effective selection for the character other than yield in 
early generations and the ineffective selection for yield 
wmuld result in discarding some of the better genotypes for ■ 
yield, if selection pressure for the character in question were 
very strong. Second, if no serious negative genetic correla- 
tions exist, a breeding procedure is indicated whereby inten- 
sive selection for characters other than yield is practiced in 
the IL. generation as the seed .supply is increased for more 
extensive testing for yield in the 1% and later generations. 


Table 3. — Fleritability, genetic advance, and means for 24 characters measured at two or three locations in two years. 



Population 

Population -t 

Ixthi <|,tV'VvT 

Heritability 

% 

Gs in % 
of Mean 

Mean 

Heritability 

% 

Gs in % 
of Mean 

Mean 

Yield.,,,: 

25 


4.8 

28 

1 

39. 

5 

. 7. 

1 

27 

7 

Height.... 

61 

.4 

9.6 

45 

3 

80 

9 

14. 

I 

40 

1 

Seed weight.. ..... 

68 

.0 

8,8 

14 

0 

92 

1 

19. 

7 

20 

o , 



67 

.5 

3,4 

19 

7 ■ 

77 , 

6 

5 

0 

19 

5 

•Protein % - ' .. .. . , _ .. -c- 

38 

.9 


42 

2 ‘ 

82 

8 

4 

3 

43 

T ' 

Iodine number - 

70 


1,4 

132 

5 

81. 

8 - 

1 

7 

134 

9 

Lodging... „ .. „ , .. . .. . 

72 

.6 

34.0 

3 

23 

33 

5 ■ 

12 

6 

■ '2' 

71 

Days to flower.. - . 

84 

.4 

9,2 

69 

7 

89 

3t 

6 

7 

67 

1 

Days flower to mat - 

76 

.6 

6.9 

85 

3 

43, 

It 

: 2 

9 

83 

4 

Days Sept. 1 to mat 

71 

.0 

5,4 

59 

7 

71 

0 

6 

3 

61 

8 

'Shattering:—,- - - - .. 

67 

.0 

54.4 

2 

10 

69 

It 

38 

8 

2 

.09 

No. branches . .. - _ „ . . - . 

37 

.7 : 

16.9 

■ 2 

88 

72 

6 

49 

9 

1 

92 

No. nodes - 

69 

2 '' 

11.1 

18 

3 : . 

63 

5 

7 

2 

19 

8 

No, fruiting nodes : - — 

51 

.5 

9.5 

.-■■■. 12 

3 

19 

0 

^ . -2- 

3 

12 

.7 

Length of mternode_„- - - _ _ _ _ . - . .. .. .. - 

73 

.6 

11,3 

■ >'2 

35 

72 

lU 

10 

8 

■ 2 

.03 

No. pods per plant 

21 

.7 

: '5 . 7' , 

43: 

,6 

50. 

.5'^ 

13. 

.1 

36 

.5, ' 

1-seeded pods . .. _ - . - - . - .. - - 

j . 34 

.7 

14.3 

18, 

.2 

53. 

,4 

17, 

.6 

21 

.5 

2-seeded pods % 

38. 

.2 


71, 

,2 

65. 

.3 

7. 

.9 

68 

.6 

3-seeded pods % 

69 

.3 

56,3 

10 

.5 

69. 

.4 

50, 

.3 

9 

.9 

Av. no. seed per pod - - 

59 

.5 

.1 

1, 

.92 

59. 

.4 

3, 

.7 

1 

.88 

Undeveloped ovules % 

40, 

.5 


9, 

.2 

40. 

.4 

14. 

.3 

11 

.3 

No. seed per plant - .. 

18 

,6 

5.0 

83, 

.4 

54, 

.9 

15 

.5 

68 

.8 

No, seed per node.. 

48 

.9 


4, 

. 59 

64. 

.4 

18 

.7 

3 

,49 

No. ovules per plant . 


.0 


92, 

.3 

55. 

.7 

15, 

A 

77 

,6 


* Estimated from averaged components of variance from combined analysis of data for location 1, N51, + location 2, 19S0, and location 1, 1951, + location 3, 
1950, for the first 10 characters and for location 1 and 2 only for the remainder, 
t Estimates obtained from combined analysis of data for location 1, 1951, and location 2, 1950. 

$ Data on fiowering time, fruiting period, and shattering are for location 1, 1950 and 1951, for population 2. 
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; i|L : Heritabiiity and Genetic Advance 

j Estimates of heritabiiity as a ratio of genotypic to pheno- 

: typic \'ariance may vary greatly depending upon the unit 

, I' : for which variance is considered. Since the plant breeder 

i; ; must consider genotypic value with reference to average 

; performance over a population of locations and years, vari- 

-j;.i ances which are of major consideration to him are based on 

i; ' mean performance in an adequate sample of the papulation 

; of locations and years involved. Although the definition of 

r ; an adecpate sampie may vary with the genetic niate rials 

f ; involved, the characters under consideration, and the popu- 

' lation of environments involved, heritabiiity of dififerences 

; among the means upon which selection is based increases 

I ■ with an increase in the number of replications, years, and 

i ; locations used in estimating the means. However, the oppo- 

P site impression is frequently gained from the fact that esti- 

mates of heritabiiity tend to decline with an increase in the 
number of locations and years in which the genotypes are 
;,:i , evaluated. An explanation of this decline is readily attained 

■; from a consideration of the content of the variances in- 

; N'olved. For example, progeny variance estimated from a 

fj- 1 single test (table 2) contains interaction variances in addi- 

! ■ ! , tion to genetic variance, the variance referred to in the 

. definition of heritabiiity, whereas progeny variance obtained 

I'" , from means of genotypes evaluated over two or more loca- 

i. J’ tions and years has an estimate of the interaction variances 

1 removed from it. Therefore, the data in the first case do 

] not provide an estimate of heritabiiity according to its defi- 

l; I nition but rather an estimate of the ratio of genetic variance 

j: plus interaction variances to phenotypic variance. 

I Heritabiiity indicates the eifectiveness with which seiec- 

1 ) tion of genotypes can be based on phenotypic performance. 

.j. If heritabiiity were 100% (<r“s cr-pu) then phenotypic 

[r i , performance would be a perfect indication of genotypic 

value; but even in such a hypothetical situation, the herita- 
iLf bility value in itself provides no indication of the amount 

|!r| of genetic progress that would result from selecting the best 

| i I individuals, Heritabiiity of 100% could result when both 

^ i and were 0.01, 1, 10, 100, etc., but genetic progress 

I would increase witli an increase m the variances. Therefore, 

i J . J ■ the utility of estimates of heritabiiity is increased when they 


This expression shows that the expected genetic advance 
from selection when expressed as a percent of the mean is 
the product of /// the .selection differential measured in 
tenns of the phenotypic standard deviation, {2) the genetic 
coefficient of variation, and (3) the square root of the 
heritabiiity ratio. Viewed in this way it is evident that the 
G.C.V. X h provides information concerning the maximum 
effect of selection, while heritabiiity indicates how closely 
this maximum can be approached, with the maximum being 
attained only when the heritabilityy ratio is unity. Therefore, 
unless interest is in the indicated maximum effect of selec- 
tion or other information provided by the G.C.Y., which 
would justify its computation, it seems to have little prac- 
tical utility in predicting genetic advance. 

It should be noted that Gs is defined with reference to 
genotypic values of the actual materials selected and may 
not be descripti\'e of the effect of selection measured in 
terms of genotypes derived by sexual reproduction from 
those materials. K>r example, the total su]U!riority of lines 
selected on the basis of Fj data may not be retained in the 
F,; or generations. What should be anticipated in this 
connection depends on the nature of gene action, a matter 
which is presently under investigation but on which these 
data do not provide evidence. 

SUMMARY 

Twenty-four characters in 2 popubiiions of U, lines of 
soybeans w^ere studied in the and F. generations of the 
lines. The lines w^ere evaluated at 2 or 3 locations in 1930 
and at 1 location in 1931. Variance components are pre- 
sented for yield, height, gra.ms per 100 seed, and oil per- 
centage; and heritabiiity and genetic adwince for average 
performance over locations and years are presented for all 
characters measured. 

Estimates of genetic variance obtained in different envi- 
ronments wttc less consistent, and the estimates of genotype 
X environment interactions were higher for yield than for 
other important characters. The importance of genotype X 
environment interactions in reference to estimates of herir- 
ability and genetic advance are discussed. 



are used in conjunction W'ith the selection differential, the 
amount that the mean of the selected lines exceeds the 
mean of the entire group, and genetic advance is commonly 
predicted as the product of the heritabiiity ratio and the 
selection differential. 

Burton (2) has suggested that a genetic coefficient of 

. . /genetic variance 
variation a / = 
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X 100) together with a her- 
itabiiity estimate would seem to give the best, picture of 
the amount of advance to be expected from selection. This 
statistic seems to have considerable utility in facilitating the 
comparison of genetic variability in various populations and 
characters and in some cases may be useful in estimating 
genetic advance. The formula for estimating genetic ad- 
vance used in this paper can be reduced to a simpler form, 

■ ■ " 

Gs n If this is multiplied through by 100/x, this 


becomes 





Effects of Two Cycles of Recurrent Selection for Combining Ability 

in an Open-Pollinated Variety of Cor A 


D. P. McGill and J. H. Lonaquist- 


C ERTAIN weaknesses are inherent in any corn breeding 
method involving continuous self-pollination if the 
character under selection is cpantitatively inherited. The 
genotype of each selfed or Fj. individual establishes a 
ceiling for the derived lines and ^ in addition, the rapid 
rate at which genes are fixed in the homozygous con di cion 
under self-pollination imposes severe limitations on the 
effectiveness of selection, fhese limitations can be circum- 
vented to some extent by the use of recurrent selection, a 
breeding method in which inbreeding is held to a mini- 
mum. I'lie method as used in modifying combining ability 
in corn consists of (a) intercfos.sing S,j progenies of 
plants selected on the basis of their yields in test crosses 
and (b) the use of the population of intercrosses as foun- 
dation material for the next cycle. The procedure may be 
CGotinued for successive cycles as long as sufficient genetic 
variability is present to allow efi'ective selection. The ceiling 
in this case is the most desirable combination of genes pos- 
sible from those present in not one, but rather a group of 
selected individuals, liie probability of obtaining the one 
most desirable genotype is, of course, very low. The chance 
of obtaining satisfactory individuals should be increased, 
however, since a greater opportunity for recombination is 
present and, since the rate ot iiibreeditig is reduced, genetic 
variability is held at a higher level which will permit more 
effective seiection over an extended period. 

The purpose of this investigation was to determine some 
of the effects of two cycles of recurrent selection for com- 
bining ability in an open-pollinated variety of corn. Three 
second-q^cle synthetic varieties developed under the recur- 
rent selection system and the open-pollinated variety from 
which they were derived were compared as sources of new 
lines, A group of advanced generation inbred lines devel- 
oped under a system of continuous seif-pollination in which 
selection at each generation from to S.; was based on 
test-crOvSS performance were compared with lines from 
the second-cycle .synthetics. Finally, a study wiis made of the 
extent to which variability for combining ability had been 
altered under the recurrent seiection system. 

LITERATURE REVIEW 

The general procedure now commonly employed in recurrent 
selection programs was first outlined by Jenkins (5) as a method 
for developing high-yielding synthetic varieties of corn. Variations 
in the general scheme and objectives have since been suggested by 
Hull (4) and Comstock rf/. (1). 

Lonnquist (9) developed two synthetic corn varieties by inter- 
crossing Sa lines from the upper and lower extremes of a distribu- 
tion as determined by their yield in top crosses with Krug, the 
parental variety. The yield of the synthetic produced from high- 


^ Contribution from the Department of Agronomy, Nebraska 
Agr. Exp. Sta., Lincoln, Nebr. Published , with the approval of the 
Director as paper No. 692, Journal Series, of the Nebraska, Agr. 
Exp. Sta. Part of a thesis submitted by the senior author in partial 
fulfillment of the requirements for the Ph.D. degree at Iowa State 
College, Received for publication Feb. 28, 1955. 

Assistant Agronomist and Agronomist, .respectively. The senior 
author wishes to acknowledge his indebtedness to Dr. G. F. 
Sprague, under whose direction this study was made. 



combining lines was significantly greater than that of the synthetic 
from low-combining lines. Lonnquist (11) later compared the test- 
cross performance of plants from the tw'o synthetics. The mean 
yield of test crosses from the tw-o populations differed greatly wdien 
compared through the yield of the tester parent, ^^9 X Ml4, 
included in the tests as a check. Sprague and Brimhall (13) ob- 
tained a shift of about 7 bushels per acre in mean top-cross yield 
through a single cycle of recurrent selection for combining ability 
in the Stiff Stalk Synthetic variety. 

The recurrent selection method has also been employed in swx^et- 
ciover improvement. Johnson (7) found a single cycle of recurrent 
selection to be very effective in increasing general combining 
ability. The results indicate that the method may be eftk^ctive in 
breeding forage crops. 

If selection is for a character other than combining ability, the 
use of a tester is unnecessary. Recurrent selection has been suc- 
cessfully employed in modifying oil content of the corn kernel 
(13, 14) and in increasing resistance to Hidminthosporium iura- 
cum blight in corn (6). In the latter case, classification prior 
to pollination was possible and thus a cycle could be completed 
in a single season. 

MATERIALS AND METHODS 

An open-pollinated variety, Krug yellow dent, 3 second-cycle 
synthetic varieties and 30 inbred lines developed from Krug, and 
the single cross WF9 X Ml4 w^ere employed in this study. The 
three synthetic varieties have been designated Ktlnaoj, KH um) , and 
KLn. File procedures used in the first cycle of their development 
have been given in detail by Lonnquist (9) and will be only briefly 
reviewed here. 

Thirty-six Si Krug lines w^ere evaluated in top crosses with the 
parental variety in 1944. The eight Si lines with the highest top- 
cross yields w'-ere selected as basic material for a high-yield syn- 
thetic. The seven Si lines with the lowest top-cross yields were 
used in the production of a low^-yield synthetic. Fifty seeds from 
each of the component Si lines w^ere composited to make up each 
synthetic. The two composites were planted in isolated increase 
plots in 1945. Seed (syn-1 generation) was harvested and planted 
in isolated plots to ;pi*oduce the syn-2 generation of the synthetics 
in 1946. The synthetics at this stage Avere referred to as KHi syn-2 
and' KLi' syn-2. ’ 

In 1947, plants in KHi syn-2 w^ere seif-poHinated and outcrossed 
to WF9 X Ml4. A yield trial of 152 of the test crosses was grown 
in 1948 (12). Ten Si lines wdiose test-cross yields exceeded the 
mean by two or more standard deviation units were selected as 
basic material for the second-cycle synthetic referred to as KHimo). 
In this designation, II indicates the second cycle, and (10) the 
number of Si lines used in its production. Thirty-one Si lines, in- 
cluding the 10 mentioned abovec whose test-cross yields exceeded 
the mean by one or more standard deviation units were selected 
as basic material for another synthetic, KHiu;n). These synthetics 
w^ere advanced to the syn-2 generation in basically the same manner 
described for the first-cycle synthetics. 

Plants in KLi syn-2 were self-pollinated and outcrossed to WF9 
X Mil4 in 1948, Seventy-seven of the test crosses were growm in 
a yield trial in 1949 (12). Eleven Si lines whose test-cross yields 
w^ere one or more standard deviation units below the mean ’were 
used as basic material for a second-cycle synthetic variety, KLu. 
This synthetic was advanced to the syn-1 generation in an isolated 
plot in 1950. 

Approximately 100 plants in each of the 3 second-cycle syn- 
thetic varieties and in Krug were self-pollinated and outcrossed to 
WF9 X Ml4 in 1951. On the basis of the amount of test-cross 
seed available, 76 test crosses from each of the populations were 
selected to be grown in the 1952 yield trial. 

Self-pollination had been continued in the eight high- and seven 
low-combining lines used in making up the two first-cycle syn- 
.thetics. Selection for combining ability was practiced within each 
of the lines, the selection at each generation from 'Sa to Si being 
based on yield of test crosses with WF9 X Ml4 as tester parent 
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( 11 ). Subsequent to St no further selection was practiced in the 
lines from low Si's. One adclitioiml generation of selection withirr 
lines based on tesLcross yields was carried out in the lines from 
the high SiS. In 1951, 30 of the lines were used as pollen source 
in making test crosses witli WF9 X Ml4 to be included in the 
1952 yield test. Twenty-tw'o of the lines had originated in the eight 
high-combining Si lines and had been selected on the Basis of high 
test-cross yields at each generation. The other eight were deriva- 
tives of the low-combining Si lines and had Been selected on the 
basis of low test-cross yields at each generation. 

In order to compare the performance of hybrids between high- 
and low-combining synthetics with the performance of the parental 
variety and the synthetics as such, KHnu;i> and KHno<o were 
crossed with KLn. Forty-plant paired rows were grown and crosses 
made reciprocally using bulked pollen. 

The 1952 yield trial included the 76 test crosses from each of 
the 4 open-pollinated populations (Krug, KHiuau, KHiiu.u , and 
KLn), 30 test crosses of the advanced generation lines, the 4 open- 
pollinated populations as such, and the 2 crosses between synthetic 
. varieties. The test material was grown at Lincoln, Nebr., in a 
randomized complete block design with 6 replications using 2 by 5 
hill plots. 

There svas some question as to parentage of two test crosses in 
the yield trial. One was from KHunvr* and the other was from 
KLn. All calculations were made in duplicate, first with these items 
included and second with these items eliminated. Their elimina- 
tion inHuenced most estimates only slightly, consequently all infor- 
mation pre.sented on the test crosses from KHiunn and KLn was 
based on the remaining 75 items in each of these groups. 

EXPERIMENTAL RESULTS 

The average agronomic data recorded on the six groups 
of test crosses are presented in table 1. The means arc i)f 
interest in that they may be considered estimates of the 
average performance in crosses with the same tester of a 
random sample of lines which could be derived from eacli 
source. 

Considering the parentage of the synthetics, certain logi- 
cal comparisons were made among the mean test-cross 
yields. The difference between the means of test crosses 
from and Krug, 5.1 bushels per acre, was highly 

significant (t r: 5,7.57).. Likewise, the difference between 
the mean of test crosses and that for Krug, 5.5 

bushels, was highly significant (t z: 6.264). I’he difference 


between the means of KHr 


and KH,, 


test crosses. 


0.4 bushels (t ~ 0,609) was not significant, I’he mean of 
the Krug test crosses was 2.3 bushels greater than the mean 
of the KLn crosses. This difference was highly significant 
(t — 2.820), It is, therefore, apparent that the two cycles 
of recurrent selection have been very effective in altering 
combining ability in these populations. 

The selection practiced in all phases of this study was 
based largely on yield in test crosses. No change, other than 
that due to random drift, would thus be expected in other 
characters unless they were associated with yield. In order 
to study any changes which had occurred in moisture in 
the grain at harvest, broken plants and dropped cars, the 
means for Krug test crosses were used as standards for 
comparison. The difference between the mean moisture per- 
cent for Krug and for KLu test crosses was highly, signifi- 
cant, This was no doubt due to the fact that Krug was near 
optimum in maturity for the Lincoln area and that selec- 
tion for low yield had resulted in the retention of earlier 
types. None of the other differences observed was statisti- 
cally significant. 

The lines in the selfing series were derived from the 
same ears used in the recurrent selection series. The two 
methods were thus applied to comparable foundation mate- 
'/rial, 'At the time these programs were started, however, a 


Table L— Agronomic data obtained on test-cross progenie.s using 
WF9 X M l4 as a tester with S. plants of Krug open-pollinated 
variety, with S, plants of three Krug synthetics, and with 
inbred lines selected from Krug for high or 
low combining ability. 


Source oi 
test crosses 

No. 

Acre 

yield 

M.ois- 

ture 

Broken 

plants 

Dropped 

ears 



Bu. 

% 

% 

%, 

KHiioUi - 

76 

97.5 

11.4 

4,6 

1,8 

KHndt):^ 

75 

97.9 

11.1 

3.3 

1.1 

“High” lines. 

22 

97,1 

11.2 

2.7 

1.4 

Krug 

76 

92.4 

11.2 

' 8.4 1 

1.8 

KLji. . 

75 

90.1 

10.1 

2.6 j 

1.3 

“Low” line.s . 

8 

90.5 

10.5 

1 

2.1 1 

1.2 

cr it i ca 1 com par ison 

of the 

relative ( 

effect ivene^ 

^s ot the 


methods w^as not contemplated. Therefore, no particiilaf 
effort was made to keep the number of pollinations and 
volume of testing equal in the two programs. In the selfing 
series the test crosses of the S,. plants were growm in 2 
years and at 2 locatians the second year, le.st crosses of the 
S.J plants were also grown at 2 locations but in a .single 
year. In addition, whenever two or more sister- lines gave 
similar results they were retained and their progenies tested 
until, on the basis of progeny test crosses, a logical selec- 
tion could be made. These procedures would increase the 
accuracy of evaluation of the lines for combining ability in 
that genotype-environment interactions would tend tc) be 
averaged out. As a result of the more intensive testing pro- 
cedures, the total number of plots involved in the .selling 
series was greater than that in the recurrent selection 
program. 

The mean yield of the 22 test crosses inwdving the high 
lines was 97.1 bushels per acre. This does not difiLa* sig- 
nificantly from 97.5 and 97.9, the means of the test crosses 
from and Thcmnean test-crecss yield of 

the 8 lines selected for low combining ability was 90.5 
bushels per acre as compared to 90.1 for the mean of test 
crosses from KL„. The difference was not signilicatit. To 
this extent the results obtained by the applicalion of the two 
methods appear similar. The p-cater amount of testing in- 
volved in the^ selfing series in this particular study may 
have been a factor in the results and should not be dis- 
regarded. 

The data recorded on Krug, the tliree synthetic varieties 
as such, and the hybrids between the two KHjj synthetics 
and the KLn synthetic are presented in table 2. KH,n..j, 
and KHjn j^y, yielded 2.9 and 2.6 bushels, respectively, more 

Table 2.-~Agranomic data recorded on Krug, three synthetics, 
and two hybrids between synthetics. 


Kind of corn 

Acre 

Mois- 

Broken 

yield 

ture 

plants 


Bu. 

% 


KHiiai) 

7.2 . 87:6'-/ 

is: 9 : 

IS 

KHiido) 

.. 87.8 

12.2 

16 

Krug 

84,7 

13.1 

10 


69.4 

11.1 

■ 5 

KHiusi) X KLn . . 

.... 86.1 

12.6 

■ ■' 

KHii(iq) X KLii . . 

84.5 

10.8 

8 
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McGlLL AND LONNQUIST: TWO CYCLES OF RECURRENT SELECTION FOR COMBINING ABILITY 


than Krug. These diiterences are signihcant at the 10%. 
but not at the 5 % level. The difference between Krug and 
KLn/ i 7.9 bushels, on the other hand, was highly sig- 
nificant. 

The yield of the two hybrids between synthetics is of 
particular interest. Selection of the parental lines for the 
high- and low-combining synthetics was on the basis of 
yields in test crosses with the same testers. The effectiveness 
of this selection was apparent in the mean yields of test 
crosses from the low- as compared with the high-combining 
synthetics. Change in frequency of yield genes would be 
expected in both cases but the change would ocxur in oppo- 
site directions. As a result, regardless of the initial gene 
frequency, the hybrids between synthetics should be hetero- 
zygous at as many or more loci than either parent. If over- 
dominance were relatively more important in heterosis than 
dominant favorable genes, the yield of the hybrids would 
be expected to be equal to or greater than that of either 
parent. Tliis was not the case. Both hybrids were lower in 
yield than the better parent but the differences were not 
statistically significant. 

The number of cycles in which efficient gains may be 
made in any character through recurrent selection will de- 
pend, to some extent, on the amount of genetic variability 
in the original population and the rate of loss of that vari- 
ability witii selection. Rapid loss of variability would limit 
the number of successful cycles and the ultimate advance 
possible under the system. 

A visual comparison of the relative amounts of varia- 
bility for combining ability in the four populations is avail- 
able in the frequency distributions of test-cross yields 
presented in Jigure 1. That the Krug test crosses are more 
variable than those from the other populations seems rather 
apparent. Differences among the other distributions are, 
however, more difficult to detect and evaluate. 

More reliable information as to the genetic variability in 
each population may be obtained through analysis of vari- 
ance of the test crosses from each source. The mean squares 
may be utilized in estimating variance components (13) . 
The component of variance attributable to differences 
among S„ plants within a papuiation is estimated by 

S“p r: — — where, is the error mean square, M. the 

S„ plants mean square, and r the number of replications. 
The appropriate mean squares and s% values for the test 
crosses from the three synthetics and Krug are 'presented in 


Table 3.-'”Mean squares and genetic components of variance for 
yields of test crosses from the four sources, Krug, 

KH KH limit, and KLii. 


Mean squares 


[ Source of tef^t crosses 

S 0 plants 

Error 

S2„* 


(M.) 

(Mi) 


Krug „ 

5.411 

0.521 

0.815 

KHinsi) 

2.791 

0.436 

0.392 

KHiidOj 

2.713 

0.466 

0.374 

klik_: 

1.806 

0.337 

0.245 

* M., — M, , 

is the number of replications. 



w 

<n 

o to - 


n l. . -I... I t -I \ — 1 — — _1_-J , ' ' 

75 80 85 90 95 100 105 IJO 
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Fig. 1. — Frequency distributions of yields in bushels per acre ot 
test crosses from Krug and from three second-cycle synthetics. 


table 3. The calculation of sq, for the Krug test crosses w^is 


as follows: s^ 


5.411-0,521 

____ 


An approximate test of the difference between the sq, 
components of two populations is to treat s'q^p minus 

as a normal deviate, T. Then, Tn: 

would be compared to T (0.05 ) =: 1.96. The variance ot 
s-p in the above equation may be estimated using the pro- 
cedure given by Crump (2, 3) : 

r" _ Fi ^ . 

where, Fj and are the degrees of freedom for Mj and 
M^, respectively. 

The component for Krug was compared to that for 
each of the synthetjcs. In every case the component for 
Krug was signilicantly larger. Differences among the com- 
ponents for the synthetics, on the other hand, wxre not 
significant. 

It is evident that considerably less variability in combin- 
ing ability is present in the synthetics than in Krug, the 
parental variety. Several explanations for the loss in varia- 
bility may be advanced. One could be that the selection 
practiced had been very effective in altering the frequenc 7 
of yield genes. As gene frequency is shifted away from 0.5, 
toward either 0.0 or 1.0, genetic variability is reduced. 
Another explanation might, be that the loss of variability 
was a direct result of inbreeding. It is likely that both of 
these are involved. 
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:■':. DISCUSSION \ •:::,' 

The resuits presented here indicate that two cycles ot 


recurrent selection were effective in altering combining 
ability with the tester used. Dehnite increases in mean test- 
cross yields were obtained in and j as com- 

pared with Krug, the parental variety. Likewise, the mean 
test-cross yield of KLjx was lower than that for Krug. It 
could be anticipated that if lines were developed from each 
population, those from KHu^jo) and KHmgj) would, on 
the average, be higher yielding in crosses with WF9 X 
Ml 4 than would lines from Krug. 

The shifts in means obtained by recurrent selection were 
essentially equal to those obtained under a system of con- 
tinuous self-pollination in which selection from to S. 
was based on test- cross performance in each selfed genera- 
tion. The fact that similar results were obtained with a less 
intensive testing procedure in the recurrent selection series 
is evidence that this system was at least equal and perhaps 
superior in efficiency to selection within lines as a means 
of 'increasing frequency of favorable yield genes in this 
material. The results presented, however, are evidence only 
as to the effiectiveness of the two methods up to this par- 
ticular stage. As pointed out by Sprague and Brinihall (13) 
in reporting on a somewhat similar investigation, genetic 
variability would likely be very nearly exhausted after four 
or five generations of self-pollination. Little if any further 
advance in combining ability by selection within lines could 
be expected. On the other hand, by continuing with a group 
of selected lines from KHikto) Abluent additional 
gains might be expected under recurrent selection. 

Reduction in genetic variability under recurrent selection 
was evident from differences in frequency distributions and 
genetic components of variance for test crosses from the 
three synthetics and Krug. As pointed out previously, this 
reduction may have been due to effective selection altering 
gene frequency, inbreeding, or a coiiibination of the twm. 
That gene frequencies have been altered is apparent from 
the shifts in mean test-cross yields and in the yields of the 
synthetics as such. It is not posvsible, however, to calculate 
the changes in gene frequency and the resulting changes in 
genetic variability. 

Some loss of variability would be expected due to the 
fact that a limited number of S.^ lines were selected as 
parents in each cycle. The use of lines would result in 
the same degree of inbreeding as if the same number of 
selected plants had been allowed to mate at random. 
According to Li (8), the average rate of loss of hetero- 
zygosity in a randomly mating population of n monoecious 
individuals is y 2 ii per generation. In this study the two 
cycles of recurrent selection w^ould constitute two genera- 
tions and the number of lines selected would determine the 
effective size of the population in each generation. Expected 
loss of heterozygosity attributable to inbreeding in the syn- 
thetics as compared to Krug were calculated. The values, 
obtained were 7,8% for KHiKg^j, 10.9% for KHn^^o^j'and 
11.4% for KLji. These values are not of sufficient magni- 
tude to explain the observed reductions in variability. 

Several factors might have been involved which could 
have increased the rate of loss of variability beyond that 
expected. For example, any deviation from random mating 
in the composites grown in isolation would have tended to 
increase inbreeding. Gutierrez^' reported that pollination 


‘ r’ ^Gati^Tez, Mario Gutierrez, Factors affecting randomness of 
y ' mating in isolated polyci‘os.s plantings of piaize. Unpublished Ph.D. 




frecjuencies in a group of nine interplanted stocks differed 
significantly from the expectations under random mating. 
The results were explained as being due, in part, to differ- 
ences in date of tasseling, date of silking, number of plants 
shedding pollen, length of pollen shedding period, weight 
of pollen shed, and plant height. E\’en in a group of live 
stocks considered similar in tlow^ring characteristics, the 
pollination frequencies did not meet the expectations under 
random mating. 

Differences in yielding ability of the Sj lines ae would 
also increase the rate of inbreeding in that the higher yield- 
ing lines would have a greater representation in the bulked 
progeny increase. In addition, any line especially potent so 
far as combining ability is concerned would likely be repre- 
sented more frequently in the sample of plants selected 
for the next cycle than would less potent lines. This would 
ha\'c a favorable effect so far as a shift in the mean com- 
bining ability is concerned but wmild increase the rate of 
inbreeding. Sprague, Miller and ilrimhail (1."^) calculafed 
coefficients ol inbreeding after single cycles of recurrent 
selection under conditions W'here randomness of mating and 
productivity of lines per se were not factors, /utiuil 
coefficients in five sets of material ranged fnim -i. i to 13.6. 
If each of the lines selected in the first c\ale had been 
represented equally in the sample chosen io make up the 
second cycle the coefficients would have* been only 2.8. It is 
apparent that differences in ]'»,rcpotency can have great clFects 
on the rate of inbreeding in a recurrent selecticui program. 

Another factor of importance in this particular investiga- 
tion was the viability of the seed used to pnxluce the 
syn-1 generations in the first cycle. Uie Sj lines selected to 
initiate the first-cycle synthetics were also continued in the 
selling series. Of the seven lines selected for the KL| .syn- 
thetic, three failed to germinate in the hand-pollination 
nursery in 1945 when the first sample was to be taken in 
the Sj^ lines (10), This was the season in vliich ecpuil num- 
bers ol kernels from each of the S, lines were composited 
to produce KLj. Lenv or complete failure of germination of 
one or more lines might not be noticed in an increase plot 
where a composite of lines liad been pLuned. llie low via- 
bility of certain lines undoubledly resulted in an increased 
rate of inbreeding which was reflected by the loss of vari- 
ability observed in the KLn synthetic as compared with 
Krug. Although great differences in viability of the lines 
which made up the first-cyde KH synthetic were not re- 
ported, there is evidence that some differences did occur. 
Any such differences would have increased the inbreeding 
coefficient appreciably. 

One of the main advantages assumed for recurrent selec- 
tion is that genetic variability is maintained at a high level. 
This should permit more effective selection and also provide 
a greater opportunity for desirable new gene combinations 
to occur than is present under a system of continuous self- 
pollination. It is apparent from the results obtained in this, 
investigation that unless appropriate precautions are taken, 
genetic variability may be dissipated at a rate far in excess 
of expectation. Rapid loss of variability would limit the 
number of successful cycles and the ultimate advance pos- 
sible under recurrent selection. 

The second method outlined by Sprague et al, (14) for 
minirnizing inbreeding in a recxirrent selection program is 
effective and provides for the determination of actual in- 
breeding coefficients where this information is desired. The 
n(n-l)/2 intercrosses among the n selected lines are- 
grown as separate progenies and records of parentage main- 
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tained. The sample saved for the next cycle can be selected 
in such a way as to insure that each originai line functioned 
equally or nearly so in the parentage of the selected sample. 
This procedure may reduce slightly the gain made in any 
single cycle but will provide variability for a maximum 
number of successful cycles. A somewhat different proce- 
dure is now used at the Nebraska station. A composite of 
the intercrosses among the selected lines is grown in iso- 
lation and one or more generations of random mating per- 
mitted before initiating the next cycle. This procedure 
should keep inbreeding near the mimmum but the actual 
rate of inbreeding, which may be of importance in some 
studies, can not be determined. 

. SUMMARY 

An open-poilinated variety of corn, Krug yellow dent, 
and three synthetic varieties developeci by two cycles of 
recurrent selection for combining ability with Krug as the 
source material were studied. S,; plants in each of the four 
populations were out-crossed to WF9 X M14 and the test 
crosses grown in a yield trial. It was concluded that the two 
cycles of recurrent selection had been effective in modifying 
combining ability and that the high-yield synthetics would 
be better soiirces of new lines than Krug, 

Self-polli iKit ion had been CDatinued in the Sj lines inter- 
crossed for the first cycle of recurrent selection. Selection at 
each generat ion had been based on test-cross yields. Tlie 
average test-cross yield of 22 lines selected for high-com- 
bining ability did not differ signiticantly from the mean of 
test crosses from the high-combining synthetics. Similarly, 
the test crosses of eight lines selected for low combining 
ability gave yields essentially equal to the average yield of 
test crosses from the low'^-combining synthetic. Gonsidefing 
the intensity of testing in the two series, recurrent selection 
was considered equal and possibly superior in efficiency to 
the continuous selling method. 

The synthetics produced after two cycles of recurrent 
selection wx^re less variable in combining ability than was 
the parental variety. The reduction in variability was greater 
than had been anticipated assuming the degree of inbreed- 
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ing did not exceed that expected on the basis of the number 
of lines selected in each cycle. A part of the reduction in 
variability is attributed to a shift in gene frequency resulting 
from effective selection. A large portion of the reduction in 
variability is believed to be due to inbreeding. The increased 
rate of inbreeding is explained as possibly resulting from 
non-randomness of mating and differences in yielding 
ability, prepotency, and viability of the selected lines. 
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THE INFLUENCE OF EARLY SPRING 
CLIPPING ON ALFALFA YIELDS^ 

I T IS desirable, in eastern 'Washington, to delay alfalfa 
hay harvest to escape unfavorable curing conditions. 
Normal delay of harvest after the first week of June results 
in alfalfa of poor cpality because of over maturity. Cutting 
the alfalfa in early to mid-May permits delay of maturity 
into late June when weather conditions favor normal hay- 
curing operations. The detrimental effect of such early cut- 
ting on hay yield and stand maintenance were unknown at 
the time this experiment was initiated. Jackobs," working 

^ Received Jan. 26, 1955. 

^Jackobs, J. A. The influence of spring dipping, interval, be- 
tween cuttings, and date of last cutting on alfalfa yields in the 
Yakima Valley. Agron. Jour. 42:594-597. 1950. 


Notes 

in the central Washington irrigated area, reported no loss 
of stand and only slight reduction in yield by an early 
spring cutting at the 4-inch height. This observation was 
in contrast to work done in other alfalfa growing areas of 
the United States. 

Ten varieties of alfalfa were grown in a randomized 
plot arrangement of four replications. Each main plot was 
divided into two subplots. One cut at the normal maturity 
of alfalfa^ the other was early cut at the 8-inch height stage 
(and discarded) and the second cutting made at the hay 
stage. These harvests were made in 1949 and 1950 (drily 
one cutting is obtained from alfalfa in this area.) The third 
year (1951) all plots were cut June 13, to measure the 
residual effect of the early cutting treatment made the pre- 
vious two years. Table 1 shows the results of that harvest. 
The yields of the early cut plots averaged only 83.5% that 




of those plots harvested at the nornial hay stage. This yield 
was very similar to that secured for the 3 years as the early 
cut treatment yields averaged 84.4 of the standard cut- 
tings for the 3 years. There w^as no evidence of any inter- 
action between the early cutting treatment and the varieties 
used. No stand reduction was encountered as all plots and 
subplots maintained excellent stands during the length of 
the experiment. Even though the yield reduction was sig- 
nificant, the practice of early cutting apparently could be 
successfully employed without danger of stand loss or seri- 
ous reduction in yield. The difference in Hay quality due to 
better hay curing conditions encountered during late June, 
might well offset any loss in yield due to the early cutting 
treatment.— A, G. Lkw and J. K. Patterson, Associate 
AgYonomists, Department of Agronomy, State College of 
]Vashmgion, Pnllman, W"\n'h/ngton. 


formed behind the 12-inch sweeps. Figure 2 gives details 
of the subsoiler with fertiliser attachment. 

It is believed that a thorough mixing of the lime and 
fertilizer with soil to a depth of 18 inches will encourage 
a well distributed root growth and thereby enable the plants 
to utilize the additional water and plant nutrients present 
in the deeper layer of fertilized and aerated soil. 

Field trials, beginning in the summer of 1955, are being 
conducted to test the performance of this machine as re- 
gards effect on w^ater relationships, yields of oats, corn and 
hay.— A. J. Wojta and L. E. Engelbert, .dri/rA/;// Pro- 
fessors of Agricultural Engineering and Soils, and Soils 
Department respectively. University of W^isconsin, L. L. 
Pierce and J. L. Diamond, Caterpillar Tractor Co, 



p 
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Table 1. — Cumulative effect of cutting treatments on 
alfalfa (1951), 


Variety L.S.D.' 0.05 = 

Gutting treatment 0.0; 


Fig. 1— Deep tillage machine showing tool-bar mounted subsoiler.s 
with fertilizer attachment. Note air compressor on tractor hood 
and air lines (marked by arrows) leading down into the boots 
behind the subsoiler shank. 


MACHINE FOR SUBSOIL SHATTERING 
AND DEEP PLAGEMENT OF LIME 
AND FERTILIZERS^ 


R ecent investigations indicate that deep placement of 
- lime and fertilizers encourages the kind of heavy root 
growth that can bring bigger yields, especially in a dry 
year. The shattering of subsoil destroys the ''compaction 
pan” that develops near the surface of many good agricul- 
tural soils. In past. investigations, no suitable equipment was 
available for thoroughly incorporating the lime and fer- 
tilizer with the subsoil 

A machine that not only shatters the subsoil, but thor- 
oughly mixes lime and fertilizers with the soil to depths of 
18 inches, has been built by the authors in cooperation 
with a manufacturing firm (see figure 1), 

This machine is different from the usual chisel point 
normally used for subsoil shattering in that lime and fer- 
tilizer are distributed uniformly in the subsoil rather than 
being dropped in a narrow band behind tlie chisel This is 
done by means of compressed air jets which blow the fer- 
tilizing and liming materials throughout the soil cavity 


Fig. 2. — Cros.s sectional view' of subsoiler showing the distribution 
of lime and fertiliser, by means of the air jets, throughout the 
shattered subsoil 


^ Received March 3, 1955 


Tons/acre 

Normal 

treatment 

Early cut 
treatment 

Ladak (Montana grown seed ) ... J 

2,97 

2.54 

Rhizonia _ _ . ^ _ . „ .. _ 

2.70 

2.44 

Ladak (Washing to seed ) 

2.76 

2 22 

Meeker Baltic^. : _ ... 

2.56 

2.28 

Grimm__ 

2.46 

2.18 

Ranger..,., .. .. ... _ .. , 

2.51 

2.02 

Hardi.stan . .. „ „ .. . _ . . ... . .. . 

2.49 

1.96 

3 daho Common - „ . ..... .. .: . .. , , .. „ .. _ . 

2.42' 

1.94 

Cossack_„__ . 

2.29 

1.95 

Buffalo , _ . _ _ . _ _ . . _ , . 

2.11 

1.66 

Average--- 

; 2.54 : 

■■ 2:12 ' ' 







THE INFLUENCE OF TIME OF THINNING 
CORN AND THE NUMBER OF PLANTS 
REMOVED ON THE GRAIN YIELD 
OF THE REMAINING PLANTS' 

T he use of small plots or a limited niuuber of plants in 
corn cultural experiments is usually both necessary and 
desirable. Because of this, it is essential that the plant com- 
petition within and between hills be equalized insofar as 
possible by having a perfect stand. The method most often 
used to minimize competition is planting thick and later 
thinning to the desired number of plants, ' 

Different investigators use various methods and different 
dates for the thinning operation. This paper presents lim- 
ited experimental data collected at Urbana, 111,, on the 
influence of time of thinning and number of plants removed 
on the grain yield of the remaining plants. 

The spacing between rows and hills within rows was 
39.6 inches. Individual plots were 2 hills wide and 10 hills 
long. The variety of corn used was U.S. 13. The tests were 
located on heavy day loam of good texture and high fer- 
tility. 

The planting rates used wx^re 3, 4, 5, and 6 kernels per 
hill. Every planting rate plot was adjacent to a check plot 
planted at the rate of two per hill. Therefore, every third 
plot was a check plot. Six comparisons or replications for 
each treatment were included. Thinnings were made on 4 
dates, at which time the plants averaged 7, 20, 41, and 70 
inches in height to the tip of the top leaf extended. 

In the thinning operation, the stand w^as reduced to cor- 
respond to the stand of the adjacent check. For example, 
when a plant or hill w^as missing in the check plot, the 
identical situation w^as left in the adjacent thinned plots. 
The thinning method used for each date was selected as 
the most appropriate and easiest method considering the 
size of the corn plant (see bottom of figure 1 ) . 

Grain yields were calculated on the basis of 15.5% 
moisture. In the compilation and analysis of the data, the 
deviations between the treatment plots and adjacent check 
plots were used. The mean yield of all check plots (planted 
2 kernels per hill or 8,000 per acre) was 70 bushels. 

Thinning or removal of plants from individual hills of 
corn in general resulted in a lower grain yield for the re- 
maining plants. This yield loss increased as the number of 
plants removed increased and as the plant height at time 
. r, of thinning increased. The yield loss when 2, 3, and 4 

plants were removed per hill showed a positive linear rela- 
tionship to the plant height at the time of thinning 
(figure 1) . 

Yield reductions from thinning might be attributed to 
two sources : the amount of nutrients taken up by the 
; thinned plants before their removal, and the mechanical 

I disturbance to the root system of the remaining plants. 

Under certain conditions the latter injury might have the 
greatest influence. In root pruning experiments, Spencer- 
has reported an 18% grain loss when severe root pruning 
was employed. However, the methods used for the last two 
thinnings as reported in the present study are not believed 

^ Contribution from the Department of Agronomy, Illinois Agr. 
Exp. Sta., Urbana, 111. Published with approval of the Director of 
the 111. Agr. Exp. Sta, Received March 5, 1955. 

' . " Spencer, J. T, The effect of root pruning and prevention of 

fruiting on the growth of roots and stalks of make. Jour. Ainer. 
,, . Soc. Agron. 33:481-489. 1941. 


to have disturbed the remaining plants. The deviation 
trends, therefore, seem to indicate that the nutrients re- 
moved by the thinned plants before their removak limited 
the production of the remaining plants. Davidsoir* analyzed 
plants thinned at different dates and suggested this pos- 
sibility. 

An analysis of variance of the yield deviation from the 
undisturbed adjacent plots show^ed highly significant dif- 
ferences for both height and number of plants removed. 

Most of the difference for height could be attributed to a 
single comparison of 70-inch ps. 7, 20, and 41 -inch j I 

heights.” Also, in considering number of plants removed, |.; | 

most of the difference could be accounted for by the com- |;i 

parison, 1 and 2 plants w, 3 and 4 plants, I 

It should be pointed out, however, that in most corn |; 

experiments the germination is good and it is not a gen- I' 

eral practice to plant 3 and 4 extra kernels in each hill. || 

Usually only 2 extra kernels are planted per hill and some- 1 

times only 1. At these two planting rates, the effect of {S' 

height at time of thinning was not so serious. h 

Although cost analyses for the different methods of 1 

thinning were not kept, the method of breaking the plants , I 

off below the growing point is the easiest, most rapid, and • 

generally disturbs the other plants in the hill to a lesser 
degree. It is certain that the morale of the thinning per- , " : 

sonnel is higher when plants are large. At an early age 
more care must be exercised in counting and the accidental I 

removal of too many plants is more likely to occur. The I 

latter is particularly true when the soil is dry. Insects or ; ! 


■‘ Davidson, J, Removal of plant food in thinning corn. Jour. ' I 

A mer. Soc. Agron. 18:962-966. 1926, | 



Fig. 1. — The influence of number of corn plants removed per hill 
and the height of the plants at time of removal on the grain 
yield of the remaining plants, Urbana, Illinois, 1950-1951. 
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even cultivation mishaps are more likely to reduce the final 
stand of early thinned corn than late thinned corn. 

On the basis of the results presented and reasons cited, 
it is the general practice at the Illinois Experiment Station 
to allow corn to approach knee high before thinning. A 
sideward jerk at this time breaks the plant at about the 
ground level and below the growing point. The optimum 
time to do this is in the early morning when the plants are 
brittle. Perhaps on soils of lower fertility when nutrient 
competition between young plants would be greater, the 
loss in final grain yield of the remaining plants might be 
different from the results presented herein.~J. W. Pen- 
dleton, Fifi/ Assistant hi Crop Production, and G. H. 
Dungan, Professor of Crop Production (notv on leave at 
Alahahad Agr. Inst,, India), Illinois A gr. Exp, Sta. 


VARIABILITY IN THE PERFORMANCE OF 
ALFALFA SEED LOTS SOLD AS 
'‘DAKOTA 


¥T HAS been apparent for a number of years that alfalfa 
-L seed sold as Dakota 12 has given highly variable results. 
Memories of good fields have perpetuated the demand for 
seed sold under this label. The Nebraska Station has recog- 
nised Dakota 12 only as a descriptive term used in much 
the same manner as are the terms Dakota Common and 
Nebraska Common, Effective July 1, 1953, clarification of 
existing legislation prohibited the sale in Nebraska of any 
lots under this labeL 


Limited facts available on the origin of Dakota 12 and 
yield results of Dakota 12 in comparison with Grimm and 
Turkestan are reported- as follows : 


1. Numbers were assigned by early South Dakota station 
workers to various lots received for observation. A lot of 
Common received from a grov/er in western South Dakota 
was given South Dakota Number 12. 


2. In preliminary yield tests (one year’s results at High- 
more) it yielded about 1,400 pounds of field-cured hay per 
acre less than Grimm. This lot proved to be hardy but the 
South Dakota Station did not release this lot of Common 
as a variety.’^ 


It appears, therefore, that producers and handlers of 
alfalfa seed have perpetuated use of the term ’'Dakota 12” 
since there was a continuing demand for hardy alfalfa. 
Although the term may have originally applied to seed from 
hardy alfalfa produced in a given region, it was apparent 
in later years that there was a iiigh degree of variability in 
the performance of seed sold under this label. 



In 1952 and 1953 seed samples were obtained from 42 
lots sold as Dakota 12, These samples were obtained for 
test purposes through the courtesy of the U. S. Department 
of Agriculture and the Nebraska Department of Agricul- 
ture. State of origin, names and addresses of dealers han- 
dling the lots, and location at which sold were obtained for 


^ Contribution from Held Crops Research Branch, A.R.S., 
U.S.D.A., in cooperation with the Nebraska Agr. Experiment Sta- 
tion. Published with the approval of the Director as Paper No. 
701, Nebraska Agr, Exp, Sta. Received March 7, 1955, 


^ South Dakota Agr. Exp. Sta. Bui. 163, 1916. 

* Correspondence from M. W. Adams, Agronomist, , South Dakota 
Agr. Experiment Station. . ' ■ 











Table 1.^ — Performance of alfalfa seed lots sold as Dakota 12. 




Cold 

■ 

Wilt 

St 

ate,'. ' ■ 

reaction 

reaction 

■ 

Of origin 

Of sale 

% Ranger 

% Ranger 

Colorado 

Nebraska....... . . . 

118 

47 

Minnesota?,. 

Illinois., ... 

105 

18 

Nebraska... - , . ..A 

Ohio. . . .. . . 

82 

65' 


Illinois 

Nebi aska. .. _ 

72 

on 

'88 

71 ■ . 


Nebraska 

105 

58 


Nebraska.. 

90 

82 


, Nebraska 

■ 95' 

71 


Nebraska 

120 

18' 


Nebraska..-, 

98 

41 


Nebraska.., .. 

■ 80' 

85 


Nebraska 

■ 75 

94 


■ Nebraska,,,;., 

: 82 

41 


Nebraskxi 

102 

47 


Nebraska.. , 

108 

65 

North Dakota .. . 

.Illinois,. : , 

: 128 

29 . 


Missouri 

182 


vSouth Dakota . 

Nebraska 

122 ■ 

29 


Illinois 

., 72 ■ ' ' 

■ 53 


South Dakota . . , 

i '78 ; 

1 ■ 94 ' 


Iowa 

1 ' 82. ■ ^ 

j ■ 41 ; 


Illinois 

^ .110 i 

1 . 53' 


■ Illinois,, ,., 1 

120 . 1 

1 47 


Illinois 

! ■ 108 1 

^ . ■ 29. ' . 


Minnesota 

■ 92 .■,1 

71 '■ 


1 Minnesota,. . . 

' 85 , ! 

: ; 82 


South Dakota 

100 

35 . ' 


South Dak()ta 

100 

.-'.-35 


South Dakota . 

95-: 

59 


Illinois 

■88 ■■ 

: ■ 59 


Illinois, . - 

115 

IS 


: Illinois. . _ , 

95 

' ' 59 


j lllmois-,..:' .. „ 

112 

' 65 / ■ 


! South Dakota . 

80 

82 


. Nebraska . 

■ 88 , ■ 

35 


1 Nebraska..,,, 

102 

100 


Illinois. 

105 

, 53 - 


Missouri 

102 1 

71 

Washington - 

Nebraska 

' 82 ' I 

88 

Wyoming^ .. . 

Nebraska . . 

118 1 

35 

Unknown , _ _ 

Illinois 

SO i 

65 

Unknown 

Illinois . , 

1 5 : 100 

65 



: ' 
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nearly all samples. A iwo-replicate field observation plant- 
ing of these lots and sample.s of varieties was made at Lin- 
coln, Nebr., in the spring of 1953. Each plot con.sisted of 
a single tow 16 feet long. The seeding rate was 12 pounds 
per acre. Seedlings from these lots were also tested for 
cold reaction in a controlled free2ing test in 1953 and for 
w'ilt reaction in a controlled greenhouse wilt test in 1954. 
Controlled cold and wilt tests are standardisied procedures 
used in the alfalfa breeding program and have been found 
by repeated use to give results of high predictive value. 
Data for cold reaction reported in table 1 are based on an 
average of 12 replications of about 25 plants each w'hereas 
data for wilt reaction are based on an average of 3 replica- 
tions of about 75 plants each. Percent healthy plants (free 
of infection) and percent surviving are used as criteria in 
the wilt and cold tests, respectively. Both cold and wilt re- 
action are expressed in terms of percent of certified Ranger 
with Ranger as 100. 

Twenty-one of the samples were as hardy or hardier than 
Ranger as determined by the controlled cold test. The other 
21 samples varied from 72 to 98% as hardy as Ranger. 
The range in hardiness, from 72 to 132% of Ranger, was 











605r . C>ne of the samples had the same wilt reaction as 
Ranker, whereas 41 samples had a wilt reaction of 18 to 
949 of Hanger as determined by the controlled wilt test. 
The range in wilt reaction from 18 to of Ranger 

was 82^; r. A sample of South Dakota origin had the same 
wilt reaction and essentially the same cold reaction as 
Ranger. Field observation notes indicated that this sample 
resembled Ranger very closely. 

Field notes were taken in 1954 on the two-replicate 
observation planting made in 1953. Winterkilling was neg- 
ligible in Dakota 12 samples and in the entire test. In the 
same test, India and Argentina samples had a stand of 92 
to 975c, Spring habit-of-growth, rate-of-recovery after 
second cutting, and fail habit-of-growth were observed and 
rated on a basis of 1 to 9, with 1 being erect in growth- 
habit and fastest to recover and 9 being prostrate in growth- 
habit and slowest to recover. Averages observed for the 
various samples of Dakota 12 lots were as follows: spring 
habit-of-growth scores varied from 3.0 to 5.0; fall habit- 
of-growth from 3.0 to 5.5; rate-of-recovery from 4.0 to 5.5. 
Summer drought probably preveiited maximum expression 
of differences in rate-of-recovery. Although the ranges for 
growth-habil and rate-of- recovery scores reported above 
were small, the extremes of the ranges nearly represent the 
differences found between Buffalo and Grimm. 

Simple correlations between field notes and data obtained 
in controlled tests were initially studied by means of scatter 
diagrams. It was apparent from the diagrams that no corre- 
lations of sufficient magnitude for predictive purposes 
existed. Therefore, no computations were made. Correlation 
between cold and wilt reaction, in independent controlled 
tests of short duration would not be expected. Field notes 
taken in one year, wdiidi perhaps was atypical, were not 
expected to be highly correlated with controlled tests. It is 
of interest in the case of cold reaction in controlled tests 
vs. fail growth-habit that 6 of the 7 lots with a fall growth 
score of either 3.0 or 3.5 Were less hardy than Ranger with 
an average score of, 4.8. 

Thirteen of the samples studied were produced in 
Nebraska an d 2 1 were produced in South Dakota. V ari - 
ability among samples from each of these states is very 
nearly the same us the total variability observed for all 
states. Thus Dakota 12 as produced in South Dakota and 
Nebraska would most likely gi\'e highly variable farm 
results. 

Cold and wilt tests have been conducted periodically to 
determine the range in reaction within lots of: the same 
variet}' produced under the certification program. Slight 
differences have been found that are not associated with 
region of production, seed class, or any known factor. The 
range of differences between lots within a seed class and 
within a given variety has been small. Twenty-eight lots of 
Ranger were included in the 1953 field planting. Small 
differences in spring and fall growth-habit and in rate-of- 
recovery were found. The range of such differences was 
smaller than that found for the Dakota 12 samples. 

The variable performance of 42 lots of alfalfa seed sold 
as Dakota 12, as measured in controlled cold and wilt tests, 
indicates that there is little likelihood of getting uniform 
performance from various lots of seed represented to be of 
this identity. — W. R. Kehr, Research Agronomist, Field 
Crops Research Branch, A.RS., US,D.A., Nebraska Agr, 
Exp, Sta, 


STOLONIFEROUS CRESTED WHEATGRASS' 


S OME species of the Agropyron genus normally without 
rhizomes may rarely produce them, according to Hitch- 
cock. Such a rhizomatous strain, P.I. 109102, closely 
related to, or within the normally non-rhizomatous species 
crested wheatgrass, was collected by the Westover Enlow" 


Received Maixh 2, 1955. 


Fig. L — A new crown formed on an outside culm of 11 crested 
wheatgrass plant. It may have arisen by proliferation of an 
anomalous spikelet below the spike. 


Fig. 2. — A crested wheatgrass plant showing two new plantlets 
formed by stolons. 
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expedition in 1934. Mo instance, however, of stolon-fonii- 
ing crested wheatgrass has previously been reported. 

In October 1954, this phenomenon was observed in the 
spaced plants which had been transplanted into the breed- 
ing nursery at South Dakota State College the p>revioiis 
May. These plants had been derived from selections of 
Standard crested wheatgrass obtained from fields in South 
Dakota. The new crowns appeared to have arisen by axil- 
lary budding at the last culm inter node immediately below 
the spike, as shown in figure 1, but may possibly have 
arisen by p)roliferation of an anomalous spikelet formed 
on the culm below the spike. These buds arose on the culms 
near the outside of the clump so that those which came in 
contact with the soil by reason of the added weight of the 
growth neat the end of the culm, formed roots and estab- 
lished new plants, An instance of the formation of such 
new plants is shown in figure 2. This phenomenon 
appeared simultaneously in a number of plants within this 
population. Since its appearance coincides with the geno- 


typic similarity of the progenies concerned, it is 
probabie that the character could be fixed within a variety. 
This character would have value as a secondary means of 
propagation of outstanding genotypes within a population 
and would therefore help to ensure the persistence of 
established stands. 

Axillary budding somewhat similar to that described here 
has been illustrated by Arber- for Festuca elathr, F, ovma 
Phleum pratense; Holcus lanatus, LoFum pere?ine, Agro- 
pyron repens. Dactyl is glo?neraia, Agrostis pa!/istrh, and 
Glycer/a maritima, all of w’^hich do not normally have this 
character present in their populations; but no definite indi- 
cation was given as to whether this character was wholly a 
product of the particular environment or whether it might 
have arisen as a mutation.— J. G. Agronomy Depart- 
ment, South Dakota State College, College Station, S. D. 


-Arber, Agnes, The Gniinineae. CaFubridge University Press, 
193-L 



Bylatvs of the Regional Branches of the 
American Society of Agronomy 


CONSTITUTION OF THE NORTHEASTERN 
BRANCH OF THE AMERICAN 
SOCIETY OF AGRONOMY 

As Revised, July 1953 

ARTICLE I 

Hame : The name of this organisation shad be the Northeastern 
Branch of the American Society of Agronomy. 

ARTICLE II 

Object: The object of the Society shad be the increase and the 
dissemination of knowledge concerning soils and crops and the 
conditions affecting them. 

ARTICLE III 

Membership : There shad be two kinds of members, active and 
associate. 

Active membership in the Branch is dependent upon membership 
in the American Society of Agronomy. It may be secured by written 
endorsement of one active member, together with approval of the 
President and Secretary and payment of the annual dues. 

Associate membership is obtained by payment of the annual dues 
U) the Northeastern Branch, and carries all privileges as outlined 
in the constitution of the National Society. 

ARTICLE IV 

Officers: The officers shall consist of a President, a Vice-Presi- 
dent, and a Secretary-Treasurer. The duties of the officers shad be 
those usually pertaining to their respective offices. The term of the 
President and Vice-President shad not be extended beyond tw'o 
consecutive years, but they may be re-elected after others have 
served in the same positions. 

One Director and one Alternate shall represent the Northeastern 
Branch in the National Society, They shad be elected from the 
active membership of the Branch and shad hold office for two 
years. . 

, The Executive Committee shall consist of the three officers, the 
"immediate East President, , and both the Director and the Alternate, 


and shad act upon ad matters arising between annual meetings of 
the Branch. 

ARTICLE V 

Nomination and Election of Officers: The nominating committee 
shad suggest from the membership of the Branch two nominees 
for the following: President, Vice-President, Secretary-Treasurei', 
and in alternate years, beginning in 1953, two for Director and 
two for Alternate. 

ARTICLE VI 

When not determined by vote of the Society, tlie time 
and place of meetings shall be decided by the Execiiti^e Committee. 

; ARTICLE vn 

This constitution may he amended by a two-tliirds 
vote of the members present at any regular meeting, announcement 
of the proposed amendments having been made at least ten days 
before each such meeting. Hie Executive Coirnnittee may propose 
amendments at any time between meetings and the same shall he 
accepted or rejected by a two-thirds vote of the members who mail 
their ballots within thirty days after the notice of the pniposed 
amendment was sent to them. Any ten members may initiate a 
proposed amendment, which shall tlien he submitted by the execu- 
tive committee to a vote of the Society. 

BY-LAWS 

1. All active pd associate members of the American Society of 
Agronomy residing or employed in the Northeastern Region are 
granted membership in the Branch without payment nf dues to the 
■Branch.. ■■■...■■■ 

2. Associate members in the Northeastern Branch shall pay 
annual dues of |1.00, 

3. A registration fee of $1,00 shall he paid by all who attend 
the Branch Meetings, except that the Executive Committee may 
waive the fee when the balance in the treasui 7 is in excess of 
$ 100 , 00 . 

4. Full voting privileges shall be extended to both active and 
associate members of the Branch, 




BYLAWS OF THE REGIONAL BRANCHES 


5. One iiieeting of the Brarich shall be held every year, if prac- 

■ ticable. , ■ _ 

6. A quorum at any meeting shall consist of a majority of those 
registered at that particular meeting. 

‘7. '.rhese by-laws may be amended by a two-thirds vote of the 
members present at any regular meeting. 

CONSTITUTION OF THE NORTH CENTRAL 
branch of THE AMERICAN 
SOCIETY OF AGRONOMY 

ARTICLE 1 

1, Nj/a'c; The name of this organization shall be the North 
Central Branch of the American Society of Agronomy. 

2. Area: It is understood that the North Central Brandi includes 
the states of North Dakota, South Dakota, Minnesota, Iowa, 
Nebraska, Kansas, Missouri, Illinois, Wisconsin, Indiana, Michigan, 
Ohio, and the adjacent provinces in Canada. 

ARTICLE 11 

L OhjecNves: The objectives of this Association shall be: (1) 
the increase and dissemination of Agronomic knowledge, and (2) 
closer acquaintanceship aiiKing agronomists within the area. 

ARTICLE III 

1. Mernhersbip : Membership may be active or associate. 

2. Active memhersbip shall depend upon active membership in 
the American Society of Agronomy, residence within the Branch 
area, anti ath I iation with the Branch. 

As.wc}ate membership .shall depend upon re.sidence within the 
Branch area, associate membership in the National Society and 
ath 1 iation with the Branch. 

Associate wciw^err may serve on Branch committees and vote 
on matters pertaining only to the Branch but shall not have the 
right to hold olhce m the Branch or vote on matters pertaining to 
the national organization. 

ARTICLE IV 

1. Regular Officers of the The regular officers of the 

Branch shall consist of a chairman, a vice chairman, and a secretary- 
treasurer. The head of the Department of Agronomy of the host 
institution for the next annual meeting shall be the Branch chair- 
man and the head of the Department of Agronomy of the host 
institution fur the next following annual meeting shall be the vice 
chairman. I heir respective tenures of office shall expire with the 
dose of the annual meeting, in event of institutions with separate 
Soils and Crops Departments, there shall be co-chairmen and 
co-vice chairmen. The secretary-treasurer shall be elected at the 
annual meeting for a period of one year but may be re-elected. 
The duties <.»t the officers shall be those usually pertaining to their 
respective- offices., 

2 . Represeatatii^es of the Briwc/j im Board of Directors of Amer- 
ican Society of Agronomy: The Branch shall be represented on the 
board of directors of tiie American Society of Agronomy by a 
director and an alternate director. Such director and alternate 
director shall be elected at the annual meeting in even years, the 
terms to begin at the end of the next annual meeting of the Na- 
tional Society and to be for a period of approximately two years. 
The director and alternate director shall take office at the end of 
the next annual meeting of the National Society and continue for 
approximately two years. Representation of the Branch shall be 
alternated between the Soils and Crops Divisions. 

2^, Suggested Nominees of the Branch for Consideration of the 
Nomittafing Committee of the American Society of Agronomy for 
J/ice President of the American Society of Agronomy. At each 
annual meeting the Branch will recommend not more than two 
persons to the nominating committee of the American Society of 
Agronomy for vice president of that organization. The persons so 
recommended need not be members of the Branch, but in even 
years the selection shall be from the Crops Divisions and in odd 
years from the Soils Divisions. 

4. The Executive Board: There shall be an executive board con- 
sisting of the chairman or co-chairmen, the vice chairman or co- 
\'ice chairmen, the secretary-treasurer, and two representatives of 
the Branch serving as director and alternate director of the Amer- 
ican Society of Agronomy. The Executive Board shall handle all 
business of the Branch arising between annual meetings and all 
other matters delegated to it by the membership. 


5.* Chairman of the Annual Meeting: The chairman or one of 
the co-chairmen of the Branch shall be chairman of the annual 
meeting. The chairman or co-chairman shall have full responsi- 
bility for the program and other features of the meeting subject 
only to expressed direction of the executive board or the member- 
ship at previous meetings. 

ARTICLE V 

Nominations and Elections: At least two months before the 
annual meeting the Chairman shall appoint a nominating com- 
mittee. Before the close of the first day of the annual meeting this 
committee shall list with the secretary-treasurer a slate of at least 
two nominees for the office of secretary-treasurer and in even years 
a director and an alternate director. This slate shall be presented 
at the business meeting at which time additional nominations may 
be called for. The election shall be by written ballot. In event of 
more than two candidates for any office the candidate receiving the 
greatest number of votes shall be declared elected. Nominees of the 
Branch for national officers shall be included in this ballot. 

ARTICLE VI 

1. 7 /;// 6' ami Place of Meeting: At least one meeting of the 
Brandi shall be held each year. Unless otherwise determined by 
the membership or the Executive Board this meeting shaU be a 
summer meeting held at some Agricultural College or Experiment 
Station. 

2, The program shall include observation and study of research, 
teaching, and extension work, techniques of doing same, and such 
other activities as may promote the interests of the Branch. 

3. The annual business meeting shall be held at such time 
within the general meeting as the Chairman may determine. 

4, The place of meeting from year to year shall in so far as 
practicable be determined by vote of the members from invitations 
of various institutions. Otheiwise selection of meeting location 
shall be by the Executive Board. 

ARTICLE VII 

1. Dues and Fees: The amount of dues shall be determined 
from time to time by the Executive Board subject to such limita- 
tions as may be set by the Branch. Graduate and undergraduate 
students shall be exempt from payment of dues. 

2. A registration fee of such amount as the host institution with 
the approval of the Executive Board may determine may be 
charged. From this fund the host institution may make necessary 
expenditures. Any unexpended surplus shall be turned over to the 
secretary-treasurer as property of the Branch. 

3. Funds of the Branch may be used in such manner as the 
membership or Executive Board may determine, 

ARTICLE VIII 

Amendments : This Con.stitution may be amended at any regular 
meeting by a three-fifths vote of those present and voting provided 
previous notice of such proposed amendment has been given at 
the previous regular meeting or by mail by the secretary one month 
or more prior to the meeting at which action is to be taken. 
Amendments proposed by niaii must have the approval of at least 
three members of the Executive Board. 

CONSTITUTION AND BYLAWS OF THE SOUTH- 
ERN BRANCH OF THE AMERICAN SOCIETY 
OF AGRONOMY AND AGRONOMY SEC- 
TION OF ASSOCIATION OF SOUTH- 
ERN AGRICULTURAL WORKERS 

ARTICLE I 

Name: The name of this Association shall be The Southern 
Branch of the A.S,A. and Agronomy Section of A.S.A.W. 

ARTICLE II 

Objectives: The objectives of this Association shall be to further 
the increase and dissemination of agronomic knowledge and to 
promote closer acquaintance among agronomists within the area 
and a greater knowledge and consideration of their work. 

ARTICLE III 

Memberships : There shall be two kinds of membership, active 
and associate. Active members shall be the active members of the 
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American Society of Agronomy who reside in the area and who 
pay the prescribed Branch dues. Associate members shall have all 
privileges outlined in the Constitution of the American Societ)' 
of Agronomy. 

ARTICLE IV 

Officers: Officers shall consist of a President, Chairman (Soils) 
and Chairman (Crops), and a Secretary- Treasurer. A Secretary- 
Treasurer shall be elected each year; alternately he shall be ^hosen 
as a soils or crops specialist and shall serve as Chairman of either 
Soils or Crops for two years and then advance to the Presidency. 

One Dkecfor and One Alternate shall represent the Branch in 
the Board of Directors of the American Society of Agronomy. The 
Branch President shall serve as Director and the Branch Officer 
next in line to become President shall sen e as alternate. 

Executive Committee : The Executive Committee shall consist of 
the four officer.^ of the Branch, and shall act upon all matters 
arising between annual meetings of the Branch. 

ARTICLE V 

Nomination and Electlofj of Officers: A nominating committee 
composed of two crops and two soils members shall nominate one 
or more active members of the Branch for the following offices: 

(1) Secretary-Treasurer; Any other office wliich may be A acant; 

Vice-Pre.sident of the American Society of Agronomy. 


sions, those responsibilities of the Western Branch shall be regu- 
lated by the following articles of the Constitution: 

' ' , . ■ARTICLE I . 

Name: The name of this organii«:ation shall be the Western 
Branch of the American Society of Agronomy. 

ARTICLE 11 

Ohjectires: The objectives of the Western Branch shall be to 
promote and foster the aims and objectives of the American Society 
of Agronomy in the Western Region of the United States and the 
western provinces of Canada. 

ARTlCLE.'lir 

Composition : IChe: Western Branch shall be composed of Crop 
Science and Soil Science Divisions. The Crop Science Divisions 
shall be represented by the organization first knoum as the Western 
Agronomic Workers and later named the VVstem Section of the 
American Society of Agronomy. The Soil Science Divisions shall 
be represented by the Western Society of Soil Science which is the 
Western Branch of the Soil Science Society America. 

■ ' ARTICLE IV' '■ 

. Offici-ks ; ■ , , 

Section 1: The officers of the Western Branch sIkiII be a Presi- 


ARTICLE VI 

Meetings: Meetings shall be at the same place and during the 
meetings of the As.sodation of Southern Agricultural Workers and 
at any special summer tours that may be arranged by approval of 
the Executive Committee. 

ARIICLE Vn 

Amendments to Constitution : I'his Constitution may be amended 
by a three-fifths vote of the active and associate mefuhers present 
at any annual meetings, provided announcement of the proposed 
amendment has been given at least thirty days prior to such meet- 
ings. The Executive Committee may propose amendments at any 
time between meetings and the same shall be approved or rejected 
by a three-fiftiis vote of the members who mail their ballots within 
thirty days after notice of the proposed amendment was .sent them. 

BY-LAWS 

(1) (a) The annual meeting shall be held within the period of 
the annual meeting of the As.sociation of Southern Agricultural 
Workers and at the same place. If the A.S.A.W. should fail to 
hoUl an annual meeting, the Executive Committee of the Branch 
shall determine the time and place of the annual meeting. 

(b) A summer meeting of the Branch may be held upon the 
invitation of an Agricultural Cidlege t>r Experiment Station, for 
the purpose of ob.serving work in progress and of studying and 
discu.ssing programs and techniques. The responsibility for the 
program and for arrangements for such summer meetings shall 
rest with the head of the ''Host Department;" with such assistance 
from the regular officers as he may choose to invite. 

(2) ^ Funds of the Branch shall be used in support of Branch 
act{vitie.s in such manner as the Executi\e Committee or member- 
ship may determine. 

(3) These By-Laws may be amended by a three-fifths vote of 
the members present at any regular meeting. 

CONSTITUTION OF THE WESTERN BRANCH OF 
THE AMERICAN SOCIETY OF AGRONOMY 

Whereas, the Western Agronomic Workers, known since 1924 
as the Western Section of the American Society of Agronomy was 
organized at a conference held by a group of western agronomists 
in 1916, and 

Whereas, the Western Society of Soil Science was organized at 
a symposimm attended by a group of western soil scientists in 
1921, and 

Whereas, these two organizations, each with a long history of 
successful, independent operation form the logical basis for a 
Western Branch of the American Society of Agronomy, be it 

Resolvedt that in order to conform with the By-laws of the 
American Society of Agronomy and the Soil Science Society of 
America, , especially in regard to the responsibilities of the profes- 
sional groups known as the Crop Science and Soil Science Divi- 


dent, a Vice-President, and a Secretary-Treasurer, la even-num- 
bered years these positions shall Be filled by the cllkers of the 
Crop Science Divisions and in odd -nuinhered yeat'.s by the officers 
of the Soil Science Divisions. 

Section 2: The duties of the President, Vice-President and Sec- 
retary-Treasurer shall be those usually pertaiiiing to the offices 
held or as prescribed by the by-laws of the Crop Science and Soil 
.Science Divisions. The President as the Chairman id' the Board of 
Directors shall represent the American Society of Agronomy fur 
tlie Western Branch and shall arrange prugrams and }u-esiile at any 
joint sessions of the Crop Science and Soil Science Divisions that 
may be arranged. 

Section 3: The Board of Directors shall consist of the President, 
the most recent past Pre.sident, and the Secretary-Treasurer of tlie 
Branch and the Presidents of the Crop Science and Soil Science 
Divisions. The President shall ser\e as Chairman, 

Section 4t The Board of Directors is the legal representative of 
the Western Branch and shall act in that capacity. 

Section 3: The Board of Directors shall appoint one director 
and one alternate to represent the W'estern Branch on the Board 
of Directors of the American Society of Agronomy. The appiuntees 
who shall serve as director and alternate for thc' first term of two 
years shall he the President of the Crop Sdtnce Divisions and 
Vice-President of the .Soil Scieme Divisions, respectively. Tljey 
shall be succeeded by the President of the Soil Science liivisions 
as director ami the Vice-President il' the Crop Science Divisions 
as alternate to serve for the sc'Cond term two years. Su}>Hequt‘nt 
terms shall he rotated in the same order. 

Section 6: The Vice-Presidential nomime of the American 
Society of Agronomy from the Western Brani'h shall he nominated 
by its Crop Science Divisions in even-numbered years, and by its 
Soil Science Divi.sion.s in odd-nurnbered years. 

ARTICLE V 

AmENDMEKTS'' 

Section 1: Any twenty (20) or more active members of the 
Western Branch, may initiate a proposed amendment to this con- 
■■ .stitution, ■■■ 

Section 2: The Board of Directors shall submit IIk* proposed 
amendments to all active members of the ^^"'estera Branch at lea.st 
thirty (30) days before voting. The adoption of a psroposed 
amendment .shall require a majority vote of those pre.sent at the 
annual meetings of the Crop Science Divisions and the Soil Science 
Divisions. '■ ■ . 

' ;■\::^BYLAWS',QF''THE^ WESTERN" - 

Adopted June 23, 1954^ Pullman, Washington 
A. NAME 

The name of this society shall be the Western Society of Soil 
Science. The Society shall serve as the We.stern Branch of the Soil 
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BYLAWS OF TH£ 

Science Society of Ajiierka and M the Soil Science Divisions of 
the Western Branch of the Anierican. Society of A^itronomy. 

B. OBJECTIVES 

1. The general objective of the Society shall be to promote re- 
search, teaching, and extension in soil science and plant nutrition 
in the geographical area of the ^vT-stern Region of the United 
States and the western provinces of Canada, and to cooperate with 
other societies and organizations concerned with soil and plant 
nutrition problems in this area. 

C MEMBERSHIP 

L Any person or organization interested in the general objective 
of the Society shall be eligible for membership. 

2. Active members shall be those w'ho have paid their annual 
dues to the Secretary-Treasurer. The membership year shall extend 
from January 1 to December 3 U Active members need not be 
members of the Soil Science Society of America, although such 
membership is encouraged. 

D. OEEICERS 

1. The ollicers of the Society shall be a President, a Vice-Presi- 
dent who is the President-Elect, and a Secretary-Treasurer. I’he 
odicers must be members of the Soil Science Society of America, 

2. The othcers shall setve for approximately one year from the 
dose of the annual meeting of the Society to the close of the next 
annual meeting, Tlie Vice-Pre.sident shall automatically succeed to 
the Presidency at the close of the annual meeting, or at the death 
or resignation of the President. The Secretary-Treasurer shall serve 
as the representative of the Society to the Pacific Division of tlie 
American Association for tlie Advancement of Science. 

3. The Presiclent shall have general responsibility for the affairs 
of the Society, .shall arrange the program for the general sessions 
at Society meetings, shall preside at the general meetings and at 
the annual business meeting, and shall have charge of the election 
of ofikers. 

4. The Vice-President with the advice of the President and the 
assistance of the Secretary-Treasurer and others the President may 
appoint to assist in local arrangements shall have charge of the 
planning and organization of the program for the technical sessions 
of the annual meeting. 

5. The other duties of the President, Vice-President, and Secre- 
tary-Treasurer shall be those usually pertaining to the otlkes held. 

6. The Vice-President and Secretary-Treasurer shall be elected by 
ballot from a slate of candidates supplied by the Nominating 
Committee. 

7. In odd-numbered yeai's, at the annual business meeting the 
members of the Society shall elect a candidate for Vice-President 
of the American Society of Agronomy to propose to tlie nominat- 
ing couioiittee of the hitter society. This candidate shall be selected 
on the basis of qualifications for the office and without reference 
to residence.’ 


REGIONAL BRANCHES 

2. The time and place of the annual meeting shall be determined 
by the Executive Committee with concurrence of the members at 
the annual business meeting. The time and place of the meeting 
shall normally be the same as for the Pacihc Division of the 
American Association for the Advancement of Science. 

3. At any meeting of the Society, live (3) percent of the active 
niembership shall constitute a quorum for the transaction of 
business. 

H. DUES 

1. The annual dues for membership shall be proposed by the 
Executive Committee and voted on by the active members at the 
annual business meeting. 

2. Members in arrears on Sept. 1 for dues for the 2 previous 
calendar years shall be dropped from the roll of the Secretary- 
Treasurer until reinstated on payment of dues. 

3. A registration fee may be levied for local arrangements with 
the approval of the Executive Committee to meet unusual obliga- 
tions incurred for the annual meeting. 

1. AMENDMENTS 

1_. Any twenty (20) or more active members of the Society may 
initiate a proposed amendment to the By-Lavcs. Proposed amend- 
ments shall be submitted to the Society by the Executive Committee 
with recommendations at the next annual meeting, or by mail to 
all active members prior to the annual meeting, 

2. The Ex’ecutive Committee may propose amendments to these 
By-Laws at any time by mail ballot or at the annual meeting. 

3. The Executive Committee shall submit proposed amendments 
to all active members of the Society at least 30 days before they 
are voted on. 

4. The adoption of a propx)sed amendment shall require 4 
majority vote of ail the active members present at the annual 
meeting, or of all ballots returned within (30) days following the 
date of original mailing. 


BYLAWS OF THE WESTERN SOCIETY OF 
CROP SCIENCE 

' ■ 1., NAME ' 

^ The name of this organization shall be the Western Society of 
Crop Science which shall represent the Crop Science Divisions of 
the Western Branch of the American Society of Agronomy. 

,2. OBJECTIVES ' 

The objectives^ of the Western Society of Crop Science shall be 
to promote and foster the aims of the American Society of Agron- 
omy in the western states and in the western provinces of Canada. 

3. MEMBERSHIP 



E, EXECUTIVE COMMITTEE 

1. The Executive Committee shall consi.st of the President, the 
Vice-President, the Secretary-Treasurer, and the two most recent 
past Presidents. The President shall serve as Chairman, 

2. The Executive Committee is the legal representative of the 
Society and as .such, it shail have, hold and administer all funds 
and property of the Society in conformity with the By-Laws. 
Vacancies in ofitces occurring between annual meetings .shall be 
hlied by the Executive Committee until the next annual meeting 
at which time the position shall be filled in accordance with the 
By-Laws. The Executive Committee shall also have power to act 
on all other matters that arise between annual meetings. 

F. OTHER COMMITTEES 

1. The Nominating Committee shall consist of the mo.st recent 
past President serving as Chairman and four additional active 
members appointed by the President. One or more eligible mem- 
bers W'hose willingness to serve has been ascertained shall make 
up the slate of candidates for each ofhce to be lilled. 

2. The President shall appoint such other committees and rep- 
resentatives as are necessary to conduct the affairs of the Society. 

G. MEETINGS 

1. There shall normally be an annual meeting of the Society for 
presentation of papers, interchange of ideas, and transaction of 
business. 


Sei'twn 1: The membership shail consist of individuals and 
organizations interested in the objectives of the Western Society 
of Crop Science. Members shall be assessed dues as provided in 
By-law 7, and shall receive ballots, notification of meeting.s, pro- 
grams, and abstracts. 

2. ‘ Active members are those who have paid their annual 
dues to the Secretary-Treasurer. It shall not be necessary for active 
members to be members of the American Society of Agronomy. 

4. OFFICERS 



Section J : The officers of the Western Society of Crop Science ! 

shall be a President, a Vice-President who is the President-elect, ■ 1 1 

and a Secretary-Treasurer who shall he members of the American 
Society of Agronomy. u ’ 

Section 2: The Vice-President shall be elected by mail ballot at i ; 

the time of the announcement of the next annual meeting of the 
Western Society of Crop Science. The nominating committee of i [ 

at least three members well distributed geographically and ap- l 

pointed by the President shall nominate at least two members for i 

the position and obtain their consent to be entered on the ballot. 

Nominations shall be made with reference to the residence of the '! :|- 

nominees within the area of the Western Branch and on qualih- ,S 

cation for office, ;j 

Section 3: The President shall serve for approximately one year 
as hereinafter provided. The Vice-President, or President-elect, ij]: 

shall serve for approximately one year, as hereinafter provided, Sf 

after which he shall automatically succeed to the presidency. The " ’ 
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terms of office for the President and Vice-President shiill expire at 
the dose of the last session of the annual meeting for that year. 

Section 4: The Secretar 5 f-Treasurer shall be chosen by the Head 
of the Agronomy Department of the host institution for the next 
annual meeting. Selection of the Secretary-Treasurer shall he inade 
with reference to the residence and qualification for office. The 
term of office shall be for one year and expire at the dose of the 
la.st meeting for that year. The name of the Secretary-Treasurer 
shall be presented to the President at the time of the invitation for 
the next annual meeting. 

Section 3 : The .Executive Committee shall consist of the Presi- 
dent, the Vice-President, Secretary-Treasurer, and the most recent 
Past President, 

Section 6: The Executive Committee is the legal representative 
of the Western Society of Crop Science. As such it shall have, 
hold, and administer all funds and property of the Western Society 
of Crop Science in conformity with . the By-laws. 

Section 7 : The duties of the President, Vice-President, and 
Secretary-Treasurer shall be tho,se which usually pertain to the 
offices held, or as prescribed by the By-laws. 

Section i*?/ Vacancie.s in offices .shall be filled by the Executive 
Committee until the next annual meeting, at which time the posi- 
tions may be filled by election as described above. 

Section 9 1 The Vice- Presidential nominee of the America ii Soci- 
ety of Agronomy, from the Western Branch shall be nominaU'd as 
provided for in the Constitution of the Western Branch: Article 
IV, Section 6. 

iO; The director and alternate to represent tlie Western 
Branch on the Board of Directors of the American Society of 
Agronomy shall be appointed as provided for in the Gonstitution 
of the We.s tern Branch: Article IV, Section Y 

5.. MEETINGS ' ^ 

Section 2 There shall normally be an annual meeting of the 
Western Society of Crop Science for the presentation of papers, 
the interchange of ideas ' and information, and for the transaction 
of business. Any year that the national meeting of the American 
Society of Agronomy is held in the geographical area composing 
the Western Branch, the annual meeting of the Western Society 
of Crop Science of the Western .Branch shall consist only of a 
business meeting held conjunction with the national meeting. 

Section 2: The location (.>f the annual meetings shall follow the 
revolving pattern previousl)' established of meeting whene\er pos- 
sible at the Experiment Station of the institutions in the western 
states and in the western provinces of Canada. 


Section 3: Prior to the annual meeting the President shall secure 
an invitation and a nomination of a Secretary-Treasurer from the 
host institution for the next annual meeting. This invitation and 
nomination of the Secietary -Treasurer shall be placed before tiie 
membership at the annual business rneeting for approval. 

4.’ The dates of the annual meeting shall be determined 
ny the Executive Committee upon recommendation from the host 
institution. 

6. COMMITTEES 

Section 1 : The standing committees of the Western Society of 
Crop Science shall be appointed by the President, unless otherwise 
specified. 

Section 2: The program committee for the annual meeting shall 
vonsist of the Vice-President as chairman, and the Secretary- 
'EreawSurer in charge of local arrangements. On recommendation of 
the Vice-President, the President iriay name additional members to 
the program committee. 

Section 3.' A local arrangements committee shall be chosen by 
the Secretary-Treasurer. This coinmittee shall he in charge of the 
local arrangements-— sudi as housing, meeting places, field trips, 
and other planned activities for the annual jneeting. 

Section 4 1 Special committees and repmsentatives of the Western. 
Society of Crop Science to oilier o!;ganizations may be chosen by 
the President as deemed desirable. 

7. DlTiS 

Section 1 : 'Pile annual rntanbersliip i.lues of iIr^ Western Societv' 
of Crop Science shall be prtiposed by tlie Executive Committee and 
passed upon by tlie membershijs at the annual ineeting. lliey will 
be paid to the Secretary-Treasurer when balk»ts are returned prior 
t(.) each annual meeting. Tlie funds received f nun such dues shall 
be used to support the activities of the Western Society of Crop 
.Science. ; 

' Section 2 1 A registration fee inay be levied by tlie local arrange- 
ments committee to rueet any (ihligatioos incurred for the annual 
.meeting. ' 

'8. A.MENDMENTS- ' 

Section I : Any 20 or niore active members of the Western 
Society of Crop Science may initiate a proposed arnendnient to 
the.se bylaws. This amendiiient shall be considered by the Execu- 
tive Committee and .submitted to the Westero Society of Crept 
Science with recommendations either by mail ballot or at the next 
annual meeting, as they deem desirable. 

Section 2: The adoption of a pro|;x,).sed amendment shall require 
a majority of all ballots returned within a specified time after the 
date of the original mailing. 






Book Reviews 


soil FERTILITY 

By C. £. Mi!hu\ New Ymk, }oh?i W'Uey & Sotis, Inc, 436 pp, 

6 hy 9^, Ulus, 1933, $6.73. 

From a long and distinguished career in the soil science depart- 
ment of Michigan State University, the author draws on his wide 
knowledge to give iiniisualiy wide coverage to the subject of soil 
fertility in this book. From the "plant’s point of view,” soil chem- 
istry, pliysics and nucrobiology are discussed along with their rela- 
tionships to plant physiology. Each of the major nutrients and the 
more ioiportant trace elements are discussed with respect to their 
supply in the soil, sourcp and amounts of additions, Tosses from 
the soils, their functions in plant growth, and deficiency symptoms. 

Aspects considered in separate chapters are soil solution and 
nutrient absorption by plants, colloids and soil productivity, pH and 
liming, organic matter, S4)il deficiencies and methods for determin- 
ing nutrient needs of crops, activities of soil organisms, use of 
green manures, crop residues, and composts, contributions of com- 
mercial fertilizers to stui productivity, and rcitations and cropping 
systems in ditlerent sections of the United States. Problems of 
saline soils and irrigation are not: overlooked. Of especial value to 
tlie student is the attention given to field trials, particularly the 
classical experiments. 

GRASSLAND .FARMING 

By Cearge H. Strihs und Giihtrt IL Ahigren. Netv York, John 
'Wdley G Sous. Ini\; Ijiueiun. Chupniun & JLdl. 

1933. 146 pp. $J.96. 

The principle.s and practices of grassland farming are now c|uite 
firmly implanted and fostercal througluiut the segment of agriculture 
devoted to animal production. The clearly written book deals with 
the .several active farm operations in gras.sland farniiog. It is 
written primarily for high school students, but the authors also 
keep the actual farm operator in mind. There are 12 chapters on 
the following topics: growing grassland crops, using forage in 
livestock feeding, growing forage for profit, selecting legumes, 
selecting grasses, choosing seed and establishing seedlings, adding 
lime and fertilizer, managing pastures, managing hay crops, pre- 
serving forage, conservation cropping, and equipping the grassland 
farm. 

The contents of the chapter on using forage in livestock feeding 
indicates the thorough treatment characteristic of the entire book; 
this chapter discusses feed sources, price reiationships, feeding 
problems of dairy cattle, beef cattle, sheep, iambs, hogs, and 
poultry, forage capacity of li\'estock, forage composition as to pro- 
tein.s, energy, minerals, vitamins and moisture, and total digestible 
nutrients. Although the selected reading, questions and suggested 
activities listed after each chapter are primarily for the teacher and. 
student, attention to them by the general farm readerwill help find 
answers to many every-ekiy problems in grassland farming. 

CHEMISTRY OF THE SOIL 

Edited by Plrmun E. Bear. New York, Rein hold Publishing Corp. 

1933. 373 pp. $R.73. 

Thirteen soil scientists have contributed to this book which is 
Monograph 126 of the American Chemical Society. They have col- 
laborated oh one of the most complete, if not the most complete, 
works on the subject of soil chemistry thus far published. There 
are 10 chapters: on soil development, chemical composition, colloid 
chemistry, cation and anion exchange, organic matter, nutrient 
fixation, oxidation-reduction, soil reaction, trace elements, and 
plant nutrition. Contributors are Isaac Baushad, Kirk Lawton, 
Sthphen G. Toth, L. T, Kahdos. F. G. Mhrklk, D. W. Thornje, 


Lloyd F, Seatz, Adolf Mehlich, Mack Drake, Lambert 
W iKLANDER (Sweden), George K. Fraser and Robert L. 
Mitchell (both of Scotland), and Arthur L. Prince. Each 
chapter is \veII-documented whth literature citations, and an excel- 
lent appendix is devoted to methods of soil analysis. Soil fertility 
specialists will not want to keep this title from their personal 
libraries. 

GRAIN CROPS 

jBj flarold K, Wilson. AicGrate, Hill Book Co., New York. 

S96y pages, Ulus. 1933. ($6.30). 

This is a revision of the first book released in 1948. This newy 
edition gives the more recent advances in the field. Included is an 
up-to-date discus.sion of the control of plant diseases, insects and 
weeds, and new information on soils and .soil fertility. Illustrations 
have been chosen to show the present status of grain crops and 
the references have been made current. 

This text is organized for use in an elementary course in grain 
crops. ^ However, it would be \ail liable to the layman needing prac- 
tical information on grain production. 

The authoiv a man of wide experience in Agronomy, has done 
an excellent job in presenting a logical arrangement of material 
dealing first with broad fundamentals and prindpaLs, followed By 
.specific treatment of each grain crop. The general chapters, 1 to 
9 and 23 and 24 inclusive are particularly strong; dearly written, 
concise, readable. 

The introductory chapters on the grain crops and. their emiron- 
ment are excellent; and include plant classification, distribution, 
rotations, soils, culture, weeds, diseases, and insect pe.sts. After the 
introductory chapters, there are 13 chapters on the more important 
specific crops. These chapters are only moderately strong because 
the treatment of Specific crops is brief. The last two general chap>- 
ters deal with marketing and marketing problems and the funda- 
mentals of crop improvement. 

Illustrations are well chosen and clear, with definite iegencLs. 
Each chapter has a number of review questions to stimulate think- 
ing on the part of the student. 

For anyone who desires a good text for grain crops or a ready 
reference on the culture of grain crops, this second edition, like 
the first, will adequately fulfill his needs.— Darrel S. Metcalfe. 

THE GENUS NICOTIAN A. ORIGINS, RELATIONSHIPS 
AND EVOLUTION OF ITS SPECIES IN THE LIGHT OF 
THEIR DISTRIBUTION, MORPHOLOGY 
AND GYTOGENETICS : 

By Thomas liarper Goodspeed. Chronica Botanica: New York, 
Stechert-Hafner. texii -\- 336 pages, 118 plates and Ulus, 

■■ 1934. $12.30. 

This book is a mcmographic study made o\er a period of nearly 
50 years of the 60 .species of Nicotiana. It is unique in that the 
author has made many observations on living plants of 56 of the 
species rather than on herbarium specimens. He has also had access 
to all herbariimi raaterials. Parts 1-V deal with their morphology, 
cytology, geographic distribution, and phylogeny. The chromosome 
behavior of over 200 Fi inteiLspecific hybrids is analyzed. Part VI, 
done in collaboration with H-M. Wheeler and P. C. Hutchison, 
treats of the taxonomy of each species. Each is illustrated with line 
drawings. There are. keys to the subgenera, sections, and species. 

The mass of data assembled in this book makes it especially valu- 
able to the geneticist, agronomist, and plant pathologist. Since some 
species of Nicotiana are resistant to specific diseases, its concepts 
are of practical importance for use to improve quality and resist- 
ance to diseases in cultivated kinds of tobacco. — F. A. Wolf. 
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MEETINGS 

July 25-28, Northeast Branch, American Society of Agronomy, 
Pennsylvania State University. 

Aug. i-6, 3rd International Congress of Biochemistry, Brus- 
sells, Belgium. 

Aug. 10-11, 24th Annual Golf Course Superintendents’ Field 
Day, Rhode Island Agricultural Experiment Station, King- 
ston, R. I. 

Aug. 15-19, American Society of Agronomy and Soil Science 
Society of America, University of California College of 
Agriculture, Davis. 

Aug. 29“Sept. 6, International Horticultural Congress, Scheven- 
ingen, Holland. 

Sept. 7-9, American Society for Horticultural Science, Michigan 
State University, East Lansing, Mich. 


RECORD ATTENDANCE AT NORTH CENTRAL 
BRANCH MEETING 

A new record attendance of 466 crop and soil scientists regis- 
tered at the 1955 meeting of the North Central Branch of the 
American Society of Agronomy held June 26-29 at Io\\'a State 
College, Ames. 

Officers for the coming year are J. IL Phti’.rsok, Purdue Uni- 
versity, chairman; T. E. Stoa, North Dakota Agricultural College, 
vice chairman; and Floyd Smith, Kansas State College, (re- 
elected ) secretary-treasurer. 

The 1956 meeting will be held at Purdue Ihiiversity. Lafayette, 
JncL Nortii Dakota Agricultural College will he host for the 195:’ 
meeting. 


PROGRAM FOR ANNUAL MEETING 
NEARS COMPLETION 

Two hundred eighty-two technical papers are scheduled for 
presentation at the annual meeting of the American Society of 
Agronomy Aug. 3 5-19 at the University of Califc»rnia College of 
Agriculture, Davis, Calif. 

Of the total, 166 will be read at the various divi.sional meetings 
of the Soil Science Society, 1 1 0 at meetings of the Crop Science 
Divisions, and the Agronomic Education Division, and 6 at a spe- 
cial meeting on "Land Use and Management" arranged by U. S. 
Defense Department agronoini.sts. 

At. the general meeting of the ASA at 1:30 pan. Monday, Aug. 
15, H. R. WilLLMAN, vice president for Agricultural Science (d* 
the University of California, will present an invitational paper on 
"Public Supported Re.searcli in Agriculture." The usual committee 
and other officer reports will be presented at thi.s meeting. 

The Soil Science Society and the Crop Science Divisions will hold 
their separate general meetings on Tuesday evening, Aug. 16. 
The Agronomic Education Division will htdd its busine.ss meeting 
Tuesday morning. Business meetings of the Western Society of Soil 
Science and Western Society of Crop Science are scheduled prior 
to the national meetings on Tue.sday. 


ALFALFA SEED COUNCIL HONORS H. M. TVSDAL 


SPECIAL MEETINGS 

Special meetings scheduled throughout the week are as follows: 

NX'estern Barbecue, Monday evening, Aug. 15, sponsored by the 
California Seed Association; Annual Bancjuet of the American Soci- 
ety of Agronomy, Wednesday evening, Aug. 17; "Hawaiian luau". 
Thumlay evening, Aug. 18. 

'rhe National Joint Committee on Fertilizer Application will 
hold it.s luncheon meeting on Monday, and the Extension Workers 
Annual Breakfa.st will be held on Wednesday, Aug. 17. 

Activities for women include a trip to the San Franci.sco Bay 
area on Aug. 16, trip to Sacramento, Aug. 17, and a ladies lunch- 
eon on Aug. 18. 

Several field trips are scheduled before, during, and after the 
meetings in Davis. Displaying the great diversity of California’s 
agriculture,- these are as follows: 

Friday, Aug. 12. Two-day trip sponsored by Certified Alfalfa 
Seed Council to view alfalfa seed-i:»roducing in the San Joaquin 
..Valley. . ■ ' . ^ , . 

Saturday, Aug, 13. One-day trip to ob.serve alkali soils and 
reclamation experiments in Fresno, King.s, and Tulare counties. 

Tuesday, Aug. 16 and Wednesday, Aug. 17. Agronomy field 
trips to experimental plots north of Davis. 

Friday, Aug, 19. Soils field trip to observe soils and land use 
in the Sacramento Valley; Sierra Nevada field trip, all day trip 
to observe hilly and mountainous areas; Hopland Field Station, 
all-day trip to observe range management and wildlife; tour of 
the Berkeley campus of the University of California. 

Saturday Aug^ 20. An all-dav trip to the Coast Ranse Idoun- 


H. M. Ty.SDAL, left, is slunvn accepting a plai|ut' at cerenuuiies 
in Washington. D.C., May 13 luuioring him fur his cuntrihutiuns 
to the development of Ranger alfalfa, Sh{)vn itli Dr. 'Fysclal 
from the left are Mrs. Tvsdal, \XTll H. Myi'Hs, chairman of the 
department of agronomy and [dant genetics. University t)f Minne- 
sota, and Lloyd Arnold, chainnan of the C.ertified Alfalfa Seed 
Council, The plaque was presented at a dinner in Washington. 
Speakers in addition to Dr. Myens, who related the work of Dr. 
Tysdal, were .Secretary of Agriculture E/ra Bi:nson: B. T . Shaw, 
ARS administratt)r, 1’heodore S. Gold, assistant secretary of 
agriculture; Dave Beard, Head of Forage and Range Section, ARS; 
Howard Sprague, chairman, agronomy department, Pennsyhania 
State University; T. E. Odland, chairman, agronomy department, 
R.hode Island University; Keller E. Bei-sok, Purdue Ihiiversity; 
C, P. WiLSiH, Iowa State College; Frank Parsons, University of 
California; Ralph D, Mercer, Montana State College, and Jim 
Roe, Successful pjrming, Des Rfoines, Iowa. The inscription on 
the plaque reads as follows: 


HEWITT M. TYSDAL 
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members invited to tour WASHINGTON stations 

Agronomists in the State of Washington extend a cordial invi- 
tation to Society members to visit Pullman and other Washington 
Experiment Stations on their trips to and from the vSociety’s annual 
meeting at Davis, Calif., says B. R. Bi-rtramson, chairman of the 
Washington State College agronomy department. 

No formal field tours are planned, but visitors from other states 
are invited to visit Washington State facilities. While many of the 
crops in Eastern Washington will have been harvested by that 
time, there will be crops in the field at the following outlying 
stations: 

Irrigation Experiment Station, Pro.sser; Dryland Experiment Sta- 
tion, Lind; Southwestern Experiment Station, Vancouver; Western 
Washington Experiment Station, Puyallup; and Northwestern 
Washington Experiment Station, Mt. Vernon, Soils work can 
also be seen at the tree Friiit Station, Wenatchee, 


Crop and soil scientists at Oregon State College, Corvallis, ex- 
tended a similar invitation earlier this year. 


SEVERAL RECEIVE USDA SERVICE AWARDS 

Several members of the American Society of Agronomy and the 
Soil Science Society of America were among the many USDA per- 
sonnel who received the 193 ‘j service awards of the department. 
Following is a list of members together with excerpts from the 
award citations: 

Byron 'F, Shaw, ARS, Washington, D. C.: For his vision in 
recognizing the nation’.s agricultural research requirements, and 
for demonstrating exceptional leadership in planning and executing 
outstanding research and related scientific programs to derive 
optimunv benefiLs therefrom. 

Glknn W. Burton, ARS, Tifton, Ga.: For developing new 
techniques and procedures involving fundamental studies in breed- 
ing beha\‘ior and interspecific hybridization which has been respon- 
sible for developing five BermiKlagrass varieties. 

HARtEY A. Daniel, ARS, Guthrie, Okla.; For his participation 
in the development of a system for judging land and promoting 
soil conservation practices which contributed greatly to the im- 
provement of agriculture and rural life in the Red Plains area of 
Oklahoma. 

Frank Leslie Do ley, ARS, Lincoln, Nebr.: For his participa- 
tion in the origination and development of the stubble mulch 
system of farming; sustained crop production; and conservation of 
soil and water resources in dry-farming areas of the West. 

James R. Meyer, ARS, Stoneville, Miss.: For notable contribu- 
tions to cottbh genetics and breeding researdi by developing new 
cytogenetic techniques and transferrance of new characters from 
wild to cultivated species. 

George A. Rogler, ARS, Mandan, N. Dak.: For developing 
several improved grass varieties, particularly the crested wheat- 
grass, Nordan, which ha.s been a major contribution to impiTned 
agricLiIture of the Northern Great Plains. 

Frank G. Vihts, Jr., ARS, Fort Collins, Colo.: For as.sessing 
soil fertility needs of irrigated lands in the Columbia River Basin, 
including diagnosing and describing zinc deficiency vSymptoms, 
determining critical zinc le\els, and devising economical methods 
()f coiTecting deficiencies. 


N. G; BRADY HEADS CORNELL DEPARTMENT 


N. C. Brady, professor of soil science at Cornell ^University, 
Ithaca, N.Y,, was appointed head of the agronomy department at 
Cornell on July J. He succeeds Richard Bradeield who had 
been department head since 1947. 

Dr. Bradeield, at present on leave as ^ 
regional director for the Rockefeller Founda- 
tion Far East Agricultural Program, will > U' 

continue as professor of soil tedinulogy. S 

Dr. Brady was born and reared on a ' 

farm near Manassa. Colo. He was graduated 
from Brigham Young University, Provo, 
irtah, and received his Ph.D. degree from 
the irniversity of North Carolina. He has 
been at Cornell University for the past 8 ' 

years. In 1933-54, Dr. Brady spent IH ' 
months at the University of the Philippines , , ^ 

helping to train agricultural leaders and to .if 

develop cooperative research work between C» Brady 

the university and other agencies. He is past 
chairman of the resident teaching section of the Agronomic Educa- 
tion Division, American Society of Agronomy. 








OFFICERS OF WESTERN GRASS BREEDERS CONFERENCE 





New olEcers of the Western Grass Breeders Conference, pic- 
tured above, are, from left, Wesley Keller, Utah State Agricul- 
tural College, secretary; R. C. Pickett, Kansas State College, vice- 
president; J. K. Patterson, Washington State College, pre.sident; 
arid R. E. Stitt, Montana State College, past president. 

The Plains and Inter-mountain states were represented with an 
official attendance of 48 at the conference June 13 and 14 at 
Pullman, Wash., and Moscow, Idaho. The conference included 
paper presentations at the two morning sessions and afternoon field 
trips to visit forage work at the Washington and Idaho Experi- 
ment Stations. 

The conference wiU meet at .South Dakota State College in 
1956. 


NATIONAL PLANT FOOD INSTITUTE IS LAUNCHED 


On July 1, the American Plant Food Council and the National 
Fertilizer Association were consolidated as the National Plant Food 
Institute, The consolidation was appraved By the respective mem- 
bers of the two parent orgahizations last fall. Executive vice presi- 
dents of the Institute are Paul T. Truitt, former pre.sident of 
the Plant Food Council, and RussELL Coleman, former president 
of the American Fertilizer Assn. W, R. Allstetter is vice- 
president. Other officers and .staff of the Institute were to be 
elected by the Board of Directors at its first official meeting this 
month. 

Offices of the Institute are at 1700 K Street, NW, Wa.shington 6, 

, D. c ; ■ ; ■ , 

official publication of the lastitute is the quarterly Plant Food 
Retletv. It is a consolidation of the Plant Food Journal and the 
National Fertilizer Reuiexv. 


SORBONNE IS SITE OF 1956 SOIL SCIENCE CONGRESS 


Meetings of the 6th Congress of the International Society of 
Soil Science will take place at the Sorbonne in Paris, France, Aug. 
20 to Sept 8, 1956. During the Congress there will be a 1-day 
excursion into the Paris environs. Several l-week excursions to 
run simultaneously are also planned for various areas of France. 

Oct. I is the deadline for abstracts or papers to be given at 
the Congress. 

M. B. Russell, president of the Soil Science Society of America, 
is chairman of Commission II (Soil Physics), Abstracts of papers 
for this commi.ssion .should be submitted to him at the Agronomy 
Department, Univer.rity of Illinois, before that date. 


COMMUNICATIONS 


ELECTRIC CURRENT MUTATIONS 


Since writing you on June 6, I have had an opportunity to 
look over the work referred to by Mr. Sauchelli in his letter of 
May 20 to you (Agron. Jour. 47:287). Although the w'ork is quite 
exten.sive in nature, there is really nothing of significance geneti- 
cally in it. I took the opportunity of having one of our visiting 
scientists. Dr. R. E. Scossiroli from Pavia, Italy, look over the 
publication and give me his appraisal of it. He knows the author. 
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Dr. Alberto Pirovano, who is still living and doirig research. 
Dr. PiROVANo used many sorts of radiations, including X-rays, 
ultraviolet, electro-magnetic radiations and others, on a number of 
plant species. He found that he was able to sterilize the pollen 
by a number of radiations but actually he found no mutations as 
we see them today. His work certainly is not in a class with Dr. 
Muller nor even in a class with that of Dr. Mavor, whose work 
I cited in the talk before the Agronomy Society. 

W. R. Singleton 

Bi'ookharen National Laboratory 
Upton, L. L, N, Y. 

NEWS NOTES 

George M- Schafer was transferred in May frojn the SCS Soil 
Survey staff at the Iowa Agricultural Experiment Station, Ames, to 
the Ohio State Con.servationist’s Office at Columbus as a Soil 
Scientist in Soil Classification and Mapping. 

A. 

George Snedecor, professor and former head of the department 
of statistics at lower State College, was one of six lower State Col- 
lege faculty members who received Faculty Citations at the annual 
Alumni Day activities at Ames on June 1 1. 

Jackson B. Hester, Jk. of Elkton, Md., who received his B.S. 
degree in chemistry in June from Massachusetts Institute of Tech- 
nology, has accepted a position for the summer wdth diiPunt’s 
Organic Chemistry Laboratories at Deepwater, N. J., and will 
pursue graduate studies in chemistry this fall at the lJni\“ersity of 
Wisconsin, 

■ -A 

Purdue Llniversity's agronomy department reports the following 
personnel new^s : 

George H, Enfield, Purdue Extension Agronomist, will join 
the Federal Extension Service StafiF on Aug. 1 as agronomist in 
soils. He returned to Purdue last December from a Point 4 assign- 
ment in Iran and Jordan. 

M, O. Pence, Purdue's veteran Extension Agronomist, partially 
retired on July 1. He has been a leader in Indiana Extension work 
for nearly 35 years, and is best knowm for his leadership in pasture 
improvement and the 5 -acre corn contest. 

Charles Foy recently joined the Purdue Agronomy Department 
as Assistant Professor to w^ork on the nutrition and physiology of 
forage plants. Foy is a graduate of the Llniversity of Tennessee 
and did his graduate w'ork at Purdue. 

Donald L. MgCline is now' land management specialist at 
Purdue, and will conduct field and laboratory research on water 
loss and erosion. He is a graduate of Ohio State llniversity, and 
is completing advanced work at Purdue. 

G. G, Williams has accepted a position as Manager of Irriga- 
tion Research and Development w'ith Oiin-Mathieson Chemical 
Corp., Little Ruck, Ark. Dr. Williams has been a leader in irriga- 
tion research at Purdue for the past 5 years. 

, ;_A_‘ /, 

Frank Robinson, graduate of Rutgers University, has returned 
to Purdue from the armed services. He is continuing his w'ork 
tow'ard a Ph.D. in soil physics under Helmut Kohnke. 



Darnell M. Whitt is the new' lusearch liaison representative 
in the corn belt states for the USD A Soil Conservation Service and 
the Soil and Water Conservation Research Branch of ARS. He 
succeeds Howard W, Ream, who resigned to accept a position 
with FOA in the Philippine Islands. Dr. Whitt's office will remain 
temporarily at the University of Missouri. 

Jesse Collier, who recently completed work for the Ph.D. 
degree at Rutgers University, New Brunsw'ick, N. J„ has returned 
to the Branch Experiment Station at Temple, Tex., where he is 
engaged in hybrid corn breeding. 

^ ■ 

After 2 years service in the U.S, Army Transportation Corps, 
G. A, Marx has returned to the University of Wisconsin where 
he is studying for the Ph.D. degree in agronomy. He had been 
stationed at Fort Lawton, Wash., and Was discharged June 3. 


Paul H. Harvey has been named William Neal Reynolds Pro- 
fessor of Agriculture at North Carolina State College, Raleigh, 
Dr. Harvey is a native of Nebraska, and has been at North Caro- 
lina State College since 1938. The lU^nolds Profes.sorship is the 
highest honor awarded to faculty members at N.C. State College, 
■' A ' 

Guy O. Woodward, Wyoming extension irrigation specialist 
for the past 7 years, resigned July 1 to become education director 
of the Sprinkler irrigation Association, Salt Lake City. 

A 

George S. Cripps lias been appointed manager of agricultural 
development in the chemical division of Climax Ivfolybdenum Co, 

■ 

Darrell A. Russell, assistant in soil fertility at the LTniversity 
of Il]inoi.s, will leave Urbana Aug. 1 for a new position as assist- 
ant soil chemist at the North Louisiana Hill Farm Experiment 
Station at Homer, La. His new work will involve soil testing, 
soil testing research, and soil fertility research. He will receive 
the Ph.D. degree from the University of Illinois in October. 

George Stanford has resigned as professor of soils at Iowa 
State College to accept a permanent position as diief of the soil 
and fertilizer research branch of the TVA divisiiUi of agricultural 
relations. His permanent headquarters will he at \X a Ison Dam, Ala., 
where research work will be carried on in cortperution witli the 
fertilizer research group there. Dr. Stanford has been on the Iowa 
State College faculty since 1950. 

CORRECTION 

r/7 The table of contents on the cover of the June 1955 issue 
of inc«)rrectly lists Htlen P, Al/Z/er as co-author 

of the article, ■'Lolimii perenne L. X ’Vetraploi<.| festnai elatior L. 
Triploid Hybrids and Colchicine I'reatments for Inducing Auto- 
allc4iexap!oids.'’ f/e/e// 0. ///'// is the cceauthor. 

(2) On page 258 of the June 1955 issue of Agronomy JournaL 
the second line of the second paragraph, substitute zUg/o/V/ for 
diploid, 

PERSONNEL SERVICE 

The Personnel Service column is provided without charge to 
American Society of Agronomy and Soil Science Society of America 
members. For all others, a charge of S2.()t) is made. Insertions are 
iiniited to 100 words, and .should be submitted in duplicate. An 
item will be inserted one time only, but will he given a key 
number which will be carried for five additiimai insertions unle.s’s 
a discontinue order is received. Items pertaining to soils positions 
will be inserted one time in the Soil Science Society of Amt riai 
Proceedings unless otherwise specified. 'Fhe following insertions, 
published in earlier issues, are .still available: 2-1, 2-2, 2-3, 
4-1, 4~2, 4-3, 6-1. ' ' 


Soil Scientist, M.S. (Ohio State llniv., 1922), pre.sently em- 
ployed in the Soil Con.servation Seiwice, whose voluntofy resigna- 
tion becomes eff'ectiyc 22 September 1955 COB. vie.sires an assign- 
ment in research. Ihe past ten years have been spent in making 
soil perntoaibility determinations. Other experiences include soil 
conservation survey mapping, and employment on the Arlington 
Farm. Write Walter L. 'Furner, fiu, 705 N. Main Street, 
Blacksburg, Virginia. 7-1. 

■■ 

Soil Fertility, Ph.D. (Univ. of Wis. 1954) presently employed, 
dc'sires teaching or research position in soils. Ft)ur year.s expe- 
rience in college teaching. Chemistry, botany, and horticulture 
backgrt)und. Veteran, age 31, family. 7-2. 

Soil Chemist--Ph.D. June 1955. Age 26. Minors: physical 
cheniistry, statistics. Expert ffanie photometrist. Experience in 
trouble shooting electronic equipment, in techniques of radio- 
activity measurements, and in use of spectograph for analysis 
or soil and plant niateriaLs. Academic experience includes gradu- 
ate assistantship and summer teaching at graduate ievcL^Mem- 
ber of usual professional, scientific, and honorary societies. Seek- 
ing industrial or academic position. Available immedately. 7-3. 


POSITION 'WANTED 




Membership List, American Society of Agronomy, 

June 30, 1955 

ACTIVE MEMBERS 



ALABAMA 

F. Adams .-.--Auburn 

G. Allred ; — Auburn 

R. Y. Bailey'^' Auburn 

F. E. Boyd — -Montgomery 

J. D. Burns — Auburn 

F. Canipbel! Montgomery 

J. T. Cope, Jr. Auburn 

B. P. Curtis ----Fairfield 

E. D. Donnelly -Auburn 

L. E. Ensminger Auburn 

K. E. Fussell --Guntersville 

P. B. Gibson — -Auburn 

W. It Gill - -———-Auburn 

J. T, Flood A ubu rn 

C. C. King, Jr. --Leighton 

.R. Langford Auburn 

J, C. Lowery Auburn 

F. S. McCain — Auburn 

J. A, Naftel -Auburn 

M. L. Nichols Auburn 

R. W. Pearson — -Auburn 

H. T. Rogers — -----Auburn 

R. D. Rouse ^ — --Auburn 

G. S. Rowe ----- — -Fluntsville 

C. E. Sairsbrook ----- — ---Auburn 

C. F. Simmons .---Auburn 

A. L. Smith -Auburn 

,R. C. Smith, jr. ^ Huntsville 

G. Stanford --—-Wilson Dam 

D. G. Sturkie - - Auburn 

W. Thomas _ - - - Normal 

M. L Timonin ---Spring Hill 

H. S. Ward, Jr, — .Auburn 

J. L W ear - _ _ _ Aubu rn 

G. M. Wi 1 son - - - - A ubu rn 

ARIZONA 

, A . C . A n d e rson _ - - , _ . 

L. C. Brown 

T. F. Buehrer - 

A. B. Caster 

A. D. Dav 
C C Ellwuod 
W. D. Fisher 


A. H. Hyer — — 
M, N. Langley 

D. F. McAlister . 
W. T. McGcorge'^ 

S. E, McGregor . 
R. H. Peebles — 

E. H, Pressley 

G. L. Richardson 
D, D. Rubis 

H. V. Smith — , 

C. O. Stanberry 

M. J. Sullivan 


B. M. Waddle . 
M. H. Wallace 


ARKANSAS 

R. L. Beacher Fayetteville 

D. A. Brown Fayetteville 

A. M. Davis —---Fayetteville 

C. J. Finger ... Little Rock 

C. L. Garey : Fayetteville 

G. A. Hale — Burdette 

D. ,A. Hinkle — Fayetteville 

C. A, Hughes Russellville 

L. M. Humphrey - Scott 

J. F. Jacks Osceola 

L, P. Johnson Little Rock 

T. H. Johnston Stuttgart 

U. S. jones — -Little Rock 

M. Lawson - Conway 

E. O, McLean - Fayetteville 

P, E. Smith Fayetteville 

A. E, Spooner Fayetteville 

R. D. Staten Fayetteville 

M. FI. Summerour Yellville 

P. Talley — El Dorado 

R. L. Thurman --Fayetteville 

B. A. Waddle Fayetteville 

G. A. Wakefield - -Little Rock 

J. O. Ware __„-„-_Fayetteville 

CALIFORNIA 

G. H. Abel, Jr. --Brawley 

D. G. Aldrich, ]r. — Riverside 

R. W. Allard I— ———Davis 

L. E. Allison - .-Riverside 

E. G. Andenson - Pasadena 

R. J. Arkley — — — Modesto 

L. E. Arnold Fresno 

V. $. Aronovici Pomona 

W. W. Austin ——— —Berkeley 


G. T. Den Hartog -Shafter 

D, D. Dickenson —--Tracy 

K. D. Doak .San Francisco 

W. E, Domingo ^ San Diego 

L. D. Doneen --—-Davis 

M. Donnelly -Riverside 

T. W. Embleton - -Riverside 

R. C. Erwin -.Mountain View" 

L Fatt — La Habra 

M. Fireman ----Riverside 

J. R. Fisher - — — Berkeley 

C. L. Fly San Francisco 

J. R. Furr — -Indio 

R. A. Gardner -Berkeley 

C. A. 1. Goring — - -Seal Beach 

K. D, Gowans — -Red BluB' 

L. R. Hac - — —Woodland 

R. M. Hagan ---Davis 

R. B. Harding -Riverside 

C. Hargreaves Riverside 

W. G. Harper - -.Riverside 

F. Harradine — Alameda 

H. A. Hawthorne --Davis 

H. E. Hayward -Riverside 

J. B. Hemwall -Seal Beach 

K. Hernlund - — —..-Goleta 

J, M. Heslep — - — -Sacramento 

E. A. Hockett ------Davis 

A. HoR'num — -.Stockton 

C. R. Horton _-San Francisco 

M. Huberty _ — — ; — ^ Los Angeles 

R. Hutchings — ---Salinas 

H. Jenny-‘‘ — — -.Berkeley 

C. E. Johnson -.---Bakersfield 

T. R. Johnson ^^.San Mateo 

R. T. Johnson ^.--..Spreckels 

W. M. Johnson ----- .Berkeley 



A. D. Ayers 

. .-.-Riverside 

FI. A. Joseph 

. - _ -Riverside 

-Prescott 

K. L. Babcock — 

.Berkeley 

W. P. Kelley^:' — — . 


-I'ucson 

C G. Barr — 

..--San Jose 

E. M. Kitchen — „ 

Los Angeles 

-Tucson 

H. M, Barron . — . 

Wasco 

J. E. Knott 


.Phoenix 

1. Barslmd ^ - 

-.Berkeley 

.P. F. Knowles — 

--Davis'. 

.-Tucson 

H, M. Benedict ... .. 

— - Stanford 

1. K. Landon 

— - __San Francisco 

.-Tucson 

S. H. Bieriy - — 

. San Marino 

M. H. Lapham __ - 

— Oakland 

Tucson 

F. T. Bingham 

Riverside 

K. H. Larson 

. - - - - Los Angel e.s 

-Tucson 

F .S Rir5;*; 

Bnkf^rsl-Vld 

H M JtiuAe 


-Tucson 

G. B. Bodman*** 

Berkeley 

F. H: Leavitt .. 

San Francisco 

..Tucson 

L. F. Bothvvell 

Woodland Hills 

J. H. Lindt, Jr. — — 

— . . ......Yuba City 

..Tempe 

C. A. Bower — _ 

- Riverside 

O. A. Lorenz - 


...Yuma 

R. L. Bramson _ 

Riverside 

R. M. Love — 

Davis 

..Tucson 

F. N. Briggs'*' 

— Davis 

R. L. Luckhardt 


.Sacaton 

F. E. Broadbent 

.■ -Davis 

O R. Lunt - - 

— Los Angeles 

...Yuma 

A. L. Brown ... — 

— .—Davis 

J, N. Luthin 

--w.-.-- -Davis 

..Tucson 

J. W. Brown 

-.Riverside 

A. W. Marsh 


—Tucson 

L. N. Brown 

Berkeley 

J. C. Martin 

Berkeley 

—Tucson 

G. A. Gaboon 

_ --Riverside 

J. P. Martin 


.-Sacaton 

P. D. Caldis 

San Leandro 

W. E. Martin - — 


--Tucson 

J. W. Cameron 

Riverside 

M, E. McCoilam 

San Jose 

Tempe 

H. D. Chapman 

- -Riverside 

R. C. McCoHoch -- 

Riverside 

Mesa 

C. E. Chuussen 

Woodland 

M. E. McCreery 

Beverly Hills 

.-Tucson 

W. M. Clement, Jr. — 

-Davis 

S. C. McMichael 

Shafter 

Yuma 

M. G. Cline* 

San Francisco 

J. L. McMurdie 

Berkeley 

-Phoenix 

E, A. Colman 

Berkeley 

D, S. Mikkelson 

Davis 

-.Tucson 

J. P. Conrad 

Davis 

J. W. Heel 


Agiiila 

D. R. Cornelius 


J. H. Nelson 


— Sacaton 

L. E. Davis 

Davis 

R, E. Nelson 

Riverside 

-Phoenix 

P. R. Day 


T. R. Nielsen ... 
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‘ I A. B. Nidson - — .„_-„„__._^^_Buriingame 

; ■ W. E.'Nyquist ,«-._^_Davis 

■^' 'G. Ogata -Riverside' 

O^ C Olson Bluff 

V, P. Osterli --_---._^_Davis 

F. G. Parsons — — > — .-—--.-Davis 

' G. A. Pearson .Riverside 

E. P. Perry — Berkeley 

G. H, Peterson Oakland 

' M, L. Peterson — . — ..^Davis 

P. F. Pratt .——Riverside 

, . G. Price — Riverside 

' D. W. Rake Los Angeles 

Vvj ■■■■-. B. Ray --Davis' 

' R. C. Reeve - ; — -Riverside 

^ V. V. Rendig _ — - ^^-Davis 

: L. A. Richards**’ ..-Riverside 

S. J, Richards — Riverside 

J. 'M. Rible .-Fullerton 

; D.-. Ririe' — Davis 

W. P. Sappenfield ... Brawley 

V G. W. Schaller Davis 

W. Schoonover Berkeley 

■ H. A. Schreiber .-Davis 

:/ A. M. Schultz Berkeley 

' ; ; T. J\ Sheets Davis 

D. G. Sineltzer — .. -Davis 

F. L. Smith Davis 

; R. W. Southwick Orland 

•I'i. E. H. Stanford Davis 

;V>J ' R, L. Stier Redwood City 

I ’l K. R. Stockinger Brawley 

L. H. Stolzy — Riverside 

jfy . 'K. E.;Storie- — .Berkeley 

pfi. ;r. --'f ----...^Berkeley . 

{!■ V. T. Stoutemyer - Los Angeles 

g:' ■ ■■■ C. A, Suneson Davis 

■ D. Swartzendruber Los Angeles 

1.;;r [, R, Thomas Modesto 

f ,/ . E. M. K. Tibbetts Berkeley 

H. C. Trumble San Francisco 

S;l G. O. Turner Long Beach 

. J. H. Turner, Jr. Shafter 

f : A. Ulrich Berkeley 

|:l R. Ulrich Berkeley 

A. Wallace Los Angeles 

i| H. V. Welch San Dimas 

A* L, White Berkeley 

A. E. Wiesl under Berkeley 

/'■ D. E. Williams Berkeley 

W. A, Williams Davis 

Ilf.;-;.."':: C. G.'. Wilson ■---------..-—-Davis' 

I., L. R. Wohletz Berkeley 

! G. F. Worker, Jr. El Centro 

f; ; L. H. Zimmerman Davis 

: :: ' v:^ I.' ' 

’ ■.■COLORADO-: :;;'f : ' t ■:■' " ■ '. ■ 

:;■:. ■R.:C-^: Ac{X)ia --.--,w.:^.--.-'^-'----.i--.G;reeie^^ : '■ 
j; ; M. Amemiya Grand Junction 

I B. F. Beacher Arvada 

J. F. Brandon Akron 

' H. E. Brewbaker Longmont 

‘ . T L. Brewbaker — - Longmont 

f W. D. Burge Fort Collins 

: F. O. Case —Pueblo 

I C V. Cole Fort Collins 

^ H. R. Cosper Fort Collins 

R, E. Danielson Fort Collins 

J J. G. Dean, Jr, — — Fort Collins 

*G. W. Deming - Fort Collins 

R. E. Finkner Rocky Ford 

H, R. Haise : Fort Collins 

D. Hardan Fort Collins 

; T. E. Haus .Fort Colh'ns 

iliSl;.: ' ::. :■ . . -l. . . -g^:^--LUSwink' ■;.■ : 

M. D. Hoover - Fort Collins 


W. H. Leonard .Fort Collins 

C. R. Maierliofer .Denver 

J. T. Maletic .—.Denver 

J. Marion Longmont 

R. F. Miller — Fort Collins 

J. L. Morrissey .-Colorado Springs 

'R . T. Nel son Longmon t 

R. K. Oldemeyer — .-Longmont 

S. R. Olsen ... — — Fort Collins 

L. Powers — Fort Collins 

K. Rengle ^.Fort Collins 

J. L. Retzer —Fort Collins 

D, W. Robertson*** .-—.Fort Collins 

C. O, Scott Fort Collins 

P. B. Smith — — -—Denver 

F. G, Viets Fort Collins 

F. S. \Xhitanabe . — — — .Fort Collins 

R. S. Whitney .—Fort Collins 

F. M. Willhite — .Grand Junction 

D. R, Wood - — Fort Collins 

CONNECTICUT 

L. A. Bergeron Meriden 

B. A. Brown*** Storrs 

E. F. Button -Storrs 

T. R. Cox StamlBrd 

J. D. Dalton - .Stamford 

*H. C. deRoo Windsor 

R. M. Hanna New Haven 

R. F. Holt ..Stivrrs 

L. W. Ilgen —Rockville 

H, A. Lunt New Haven 

R. I. Munsell Storrs 

J. S. Owens .Storrs 

R. A. Peters Storrs 

A. Ritchie, Jr. ^-Windsor 

E. J. Rubins Storrs 

E, Schneider Stamford 

A. E, Shearin Windsor 

G. W. Skirm Milford 

C. L. W. Swanson New Haven 

T, Tamura New Haven 

G. K. Voigt New Haven 

P, J, Wyga Hartford 

DELAWARE 

M. T. Goebel Wilmington 

L R. Hansen -Wilmington 

H. W. Indyk -Newark 

F. M. Jornlin ..Wilmington 

■E, 'Kedda . ......l,. '...-N ewark' 

D. W, Kolterman .Wilmington 

D. L. Lynch Newark 

F. B. Springer, fr. Newark 

D, E. Wolf -J —Wilmington 

DISTRICT OF COLUMBIA 


A. Anderson 

T. I- Ayers. 

G. D. Bailey 

C R. Ball*** — 

B. D. Blakely 

J. M. Blume 

R. S. Boynton 

R. Coleman* 

R. C, Daw.son 

S. Diamond 

J. Dreessen 

W. D. Ellison 

C. E. Ferguson , 

W, H, Garman 

S. D. Gray* 

J. D. Guthrie 

J. W. Hall 

N, S. Hall 

R. D. Hockensmith* 

W, H. Hosterman. 


Washington 

Washington 

Washington 

-Washington 

Washington 

Washington 

Washington 

Washington 

Washington 

Washington 

Washington 

-Washington 
— ..Wa.shington 

Washington 

Washington 

— Washington 

Washington 

.. — Washington 

Washington 

Washington 


R. L Jackson 
C. E. Kellogg* 

E. B. Kinter 

H. C. Knoblauch — 

R . M. -Koch . 

C. H. Mahoney 

H. B. Mann — 

N. F. McCann 

J. W. McKerkher . — 

M. H. McVkkar — . 

A, H. Moseman — _ 

G. R. Muhf — - 

O. R. Neal - 

.F, W. .Parker* 

R. Paulling . — 

A. W. Mlard . 

K. S. Quisenberry* _ 

I. D, Romaine 

: W.' H. Sachs — ■ 

W. J. Sando — 

B. T, Shaw* 

W. O, Shepherd 

G. D. Smith* — 

J. H. Stallings 

J. G. Steele - 

F. B. Stewart 

A, D, Stoesz — 

A. F, Swanson — 

J. Vergara 

J. H. Walker - 

H. N. Watenpaugh 

■ W. A. Wheeler 

FLORIDA 

R. 1. Allen — — 

R. V. Allison — 

H. I. Andreis 

R.'A, ,Bair 

R . L . Barnes '. 

B. A. Belcher 

W. G. Blue 

B. A. Bourne 

■. O. C. , Bryan — ... . . . . . . . 
. E, O. Burt — — — , 

:E , E . Cl ayton. ........ :.■— . 

M. Drosdolf 

J. R. Edxvardstm 

C. F. Eno 

W. T. Forsee, Jr. — 

N, ChuTunon, jr. 

C. M'. Geraldson 

L. C. Hammond 

H., C. Harris — 

, K. 'Hinson 

E. M. Htklges 

F. L Holland 

E. S. Horner 

C. S. Hoveland 

F. H. Hull — - 

R. .L.' Jeffers 

W. H.' Kelly - 

A. H, Kretsdurier, Jr. 

f. L. Malcolm 

b. E. McCloud - 

D. I.. Myhre 

J. R. Neller* — 

H. C Nikola I 

G. C. Nutter 

D, F. Oi.son, Jr. — . 

G, ,B. Dwens".: . 

C. T. Ozaki 

J. B. Pate 

J. L. Poucher 

W. L, Pritchett 

W. K, Rohertstm . - 

C C Seale 

, .p. :i'Hv. Send : 
J. E. Shrum : 


.....Wicshingtoa 
-.—Washington 
. . Washington, 
.....Washington 

— ...Washington 

-Washington 

Washington 

— .-Washington 
Washington 

— . — Washington 
. . - . .Washington 

— ..-Washington 
— ^ — Washington 

^Washington 

-....Washington 

.. — Washington 
....Washington 

Washington 

iWashington 

.... Washington 

Washington 

-Washington 

Washington 

-.Washington 

„ ...Washington 

— .Washington 

Washington 

-..-Washington 

Washington 

Whishington 

Wasiiington 

\Xhishington 


Belle Glade 

Belle Glade 

... Clewistoa 

Belle Glade 

..Gainesville 

Canal Point 

Gainesville 

Clewiston 

... .Lakeland 

Gainesville 

Tallahassee 

Gainesville 

Gainesville 

— Gainesville 

Belle Glade 

...Gainesville 

- Bradenttai 

.Gainesville 

Gainesville 

Gainesville 

— .... Ona 

..Winter Haven 

Gainesville 

Gainesville 

Gainesville 


Quincv 

Belie Glade 

Ht.unestead 

Gainesville 

..Hastings 

Gainesville 

- Pompano Beach 

Gainesville 

... Lake City 

lallahassee 

Belle Glade 

--.Belle Glade 

Jacksonville 

Gainesville 

- ..Gainesville 

- —Belle Glade 

- Gainesville 

— CtK:onut Grove 






G. O. Sknm — — Tampa 

F, B. Smith — Gainesville 

J, C. Stepiieiis Laiidcrdale 

G. D. Thornton ^ ^ ^ ^ ^ ^ „ Gainesvil le 

R. P. Upchurch ^-.^^^Niceville 

G. M, Volk — — ---^Gainesville 

A. T. Wallace Gainesville 

T. Winsberg — Miami 

I. M. Wofford — - — Gainesville 

B. Wolf - Hollywood 


GEORGIA 


W. E. Adams — — - 

W. W. Ballard 

L. F. Bauman 

A. R. Brown 

G. W. Burton*’*' — 

R. L. Carter 

J. P. Craigmiles 

H. G. Cunningham 

I W. Dobson, Jr. - — 

C L Ellison 

J, M, Elrod — 

A, A. Fleming - 

i. Forbes, |r. - - 

W. H. Freeman — 

f. E. Giddens 

U, R. Gore — 

H. B. Harris 

B. W. Hauser 

B. H. Hendrickson 

J. H. Hunter 

H. A. Inglis 

E. James 

E. S. Eycais 

J. H. Massev 

■). T. Miller '— 

J. H. Miller _ — — — „ — . 

j. E. Moore 

J. C. Mofcock, Ir. 

b. D. Morey -1 ——— 

H. D. Morris 

A. A. Nikitin 

M. B. Parker _ — 

H. F. Perkins . 

J. F. Reed 

B, P. Robinson 

T, H. Rogers 

A. E. Rover 

O. E. Sell 

.M'. Stei 1 y - _ _ - „ 

P. 'fabor 

F, d'homas 

L. C Walker — 

E. C. Westbrook 
W.^G." Young 


-Athens 

.--Experiment 

— Tifton 

Athens 

.——Tifton 
— -—-Tifton 
— Experiment 
-Atlanta 
Blairsville 
--Fort Valley 
.--Experiment 

Athens 

— -Tifton 
--Thomasville 

-—Athens 

Experiment 

.--Experiment 
. — Experiment 
-—---Athens 
-.-—-Albany 

- Athens 

.--Experiment 

Cairo 

.--Experiment 

- -Albany 

-——-Athens 

-Atlanta 

--Atlanta 

— ----Tifton 

- Athens 

-College Park 

Blairsville 

------Athens 

-- — --Atlanta 

-Tifton 

-—--Athens 

-----Fleming 

...-Experiment 

------Athens 

---—-Athens 

-----Athens 

^----Athens 

-——Athens 
-i.-.;.- Athens' 


IDAHO 


G. O. Baker — - — 

G. Crookham - — _ _ » _ . 
R. Ensign ' „ „ „ :i„ — — 

M. A. Fosberg 

K. H. W. Klages-'’ — 

W. I. ieighty - 

R. H. Maier 

R. M. Naylor 

D. C. Parker 

F. C. Petr 

W, K. Pope 

E. N. PoLilson 

F. H. Sid do way 

H. Stevens 

S. C. VanJecavcye*^ 


----Moscow 

-Caldwell 

--Aberdeen 

- - Moscow 

Moscow 

-Boise 

Pocatello 

Emmett 

--Montpelier 

Aberdeen 

Moscow 

Boise 

-St. Anthony 

Aberdeen 

-Pocatello 


ILLINOIS 


F. T. Aala — 
J. K. Ableiter'^' 


-Urbana 

-Urbana 


Fellow, American Society of Agronomy. 




MEMBERSHIP LIST, 1955 


D. E. Alexander — -Urbana 

J. D, Alexander ^Llrbana 

L. J. Bartelli —Urbana 

F. C. Bauer*!' — — Urbana 

A. L. Bear — — : — Decatur 

Z. H. Beers _„___-._Xhicago 

W. H. Bender — Urbana 

L. L. Benson — — .——Sterling 

R. L. Bernard — — — — LJrbana 

E. H. Bitcover — —West Chicago 

W. R. Boggess -Robbs 

V. S. Bond — — — .-Quincy 

0. T. Bonnett ^ — - -Urbana 

A. H. Bowers ————Chicago 

M, Brawner — — — Princeton 

R. H. Bray*!' — — -—Urbana 

C. M. Brown ^—Urbana 

R. R. Bruce — — — ^—Urbana 

A. W. Burger Urbana 

L. M. Camp —-Aurora 

J. L. Girtter — -Urbana 

S. S. Chase — — Sycamore 

D. B. Clary — — -.--.Urbana 

R, R. Copper — Piper City 

J. R. Darrah Matteson 

R. J. Davis, Jr. — -—.Urbana 

E. E. DeTurk*!' -Decatur 

W. T. Dible — -Chicago 

G. H. Do.scher —Chicago 

L. R. Downs — -Piper City 

E . B . Earl ey — ^ U rb ana 

J. C. Engihoixs — Skokie 

C. H. Farnham -Urbana 

J. B. Fehrenbacher — — ..Llrbana 

T. O. Fitzgerald -Wheaton 

K. A. Ford --Chicago 

L. E. Gard ^Simpson 

H. L. Garrard — Homewood 

H. L. Garwood — Stonington 

C. E. Geise — — _ — ..Rochelle 

F. W, Geise — — Maywood 

R. W, Gerdei — -Glenview 

J. C. Gideon — - — Urbana 

J. E. Gieseking —.Urbana 

M. B. Gillis — --Skokie. 

A. F. Grandt - — ------Farmington 

R. Giiehler — — Somonauk 

C L. Gunn —————— —DeKalb 

L. E. Haley — — ——Urbana 

D. C. Hallbick „ — ..--Woodstock 

S. F. Hanrahan -.--—Rochelle 

W. Heckendorn Chicago 

H. C. Heimann Springffeid 

A. A, Hendrickson - -.-Chicago 

C N. Hittle Urbana 

F. D. Hoblit— . —Atlanta 

J. R. Flolbert --Bloomington 

Z. M. Holmes — -Edelstein 

J. E. Flubbard .-Peoria 

J. R. Huey —Granville 

F. S. Tngersol I -Champaign 

J. A. Jackobs --Urbana 

YCL C. Jacob Llrbana 

L. M. Jones DeKalb 

1. H. Jorgenson ^Lawrenceville 

R. W. Jugenheimer Urbana 

R. G. Kanta.k Des Plaines 

A. Klute Urbana 

T. Kurtz — Urbana 

A. L. Lang Urbana 

E. R. Leng Urbana 

C. M. Linsley LTbana 

M. H. Lockwood Chicago 

W. H. Lowry - Chicago 

J. C. Lyons Pontiac 

D, L. Maxwell Chicago 

G. E. McKibben Glendale 

O. S. Meierhenry --.Chicago 


S. W. Melsted —Urbana 

I. B. Miller Champaign 

R. A. Miller ——Chicago 

W. J. Mumni — ——Milford 

G. L. Nobje — — - ^^--Chicago 

L. M. Null — Colchester 

R. T. Odell — - ——Urbana 

L. E. Oncken Tuscola 

J. W. Pendleton— ^ Urbana 

J. J. Pierre —--—---Champaign 

H. L. Portz - Carbondale 

J. F. Power --Bloomington 

W. F. Purnell — Urbana 

E. Reeve ——West Chicago 

W. R. Reid — - — ---Aurora 

T, H. Roberts ——DeKalb 

M. B. Russell'!' ————Urbana 

R. U. Schenk — — .Peoria 

S. M. Schwartz — Peoria 

W. O. Scott - — -- — —Urbana 

O. H. Sears -—-Urbana 

D. L. Shinier - — —Aurora 

E. B. Shultz, Jr. — -—Chicago 

E. G. Sieveking ^—Normal 

F. W. Slife — -.———^Urbana 

P. Smith — -Danville 

R. S. Stauffer : -^.Urbana 

L. Steele —Bloomington 

F. J. Stcwenson ---Urbana 

W. T. Stille - ——Lake Forest 

R. Stutzman .--Ringwpod 

E. F. Sullivan ..Carbondale 

R. P. Thomas Chicago 

J. E. Thompson —Chicago 

A. IJ. Thor — .Urbana 

J. L. Tf islet* — Fairmount 

C. E. Trunkey ——Chicago 

E. H. Tyner — —Urbana 

G. A. Van Doren — --——Urbana 

G. L. Van Laningham -—Oregon 

M. L. Vineyard —Decatur 

D. I. Wallace -ML Vernon 

H. L. Wascher —Urbana 

S. A. Watson '-—-Argo 

R. O. Weibel —Urbana 

D. E, Western —Chicago 

A. L. Whiting — --—Urbana 

R. E. Williams --—liliopolis 

D, C, Wimer ! — -- — Urbana 

R. S. Yohe Chicago 


INDIANA 


U. Anderson ---Lafayette 

A . Barber __ - — Lafayette 

,. R. Bertrand —— ——West Lafayette 
7. D. Bishop —--—West Lafayette 
. O. Blair —————— -—-.--Lafayette 

Brawand West Lafayette 

. D. Bronson —-—Lafayette 

M. Brunson'!' — -Lafayette 

. M. Caldwell West Lafayette 

W. Calland Decatur 

. L. Crane Lafayette 

7. H. Daniel Lafayette 

. L. Davis Lafayette 

r, H. Enfield West Lafayette 

. L. Ford Roby 

. R. Frederick Lafayette 

L R. Garner Richmond 

f. R. Gist West Lafayette 

.. R. Halvorsen West Lafayette 

I. E. Heath —Lafayette 

.. R. Hilst Lafayette 

. L. Himes West Lafayette 

*. N. Hoffer'!' - Lafayette 

L M. Justin West Lafayette 

L Kohnke Lafayette 








AGRONOMY JOURNAL 


H. R Kramer ..^Lafayette 

J, JE. Larsen Lafayette 

P. F. Low -Lafayette 

O. W“. Liietkemeier Lafayette 

H. G. Luther -Terre Haute 

A. R. Marston .-Tipton 

L. £, Mayer Indianapolis 

S. R. Allies — ---Lafayette 

M. H. Miller ————West Lafayette 

G. O. Mott — We.st Lafayette 

A. R. Mullin — Indianapolis 

W. L. Nelson — Lafayette 

J. E, Newman ; West Lafayette 

A. J. Ohlrogge -Lafayette 

F. L. Patterson — ^ Lafayette 

J. B. Peterson'^ Lafayette 

F. A. Post — Boonvilie 

A. H. Probst --Lafayette 

H. W. Reuszer -Lafayette 

D. A. Sander -Lafayette 

G. D, Scarseth'’’ Lafayette 

J. F. vSchafer — Lafayette 

j, L, Schell Indianapolis 

M. H. Sdionhorst -West Lafayette 

J. P. Seaton — — , — West Lafayette 

L. H. Smith .-Lafayette 

M. R. Teel --Lafayette 

R. I Todd ^-——---Attica 

J. Thorp — ---Richmond 

J. Trost -Lafayette 

C E. Troyer La Fontaine 

H. P. Ulrich West Lafayette 

W. E. Vandeventer —Princeton 

P. Van Schaik Lafayette 

W. S. Van Scoik — -Fort Wayne 

N. J, Volk’^ — West Lafayette 

G. P. Walker -—— .-West Lafayette 

F. A. Weems Indianapolis 

J. L. White — Lafayette 

E. A. Wildman — Richmond 

G. G. Williams — ---Lafayette 

L. K. Wyckoff Valparaiso 


P. C Anderson — — Hampton 

M. A. Anderson -—Ames 

R. E. Atkins Ames 

R. Baker .-Johnston 

A. A. Baitensperger - .-----Ames 

W. V. Bartholomew Ames 

L. N. Bass Ames 

C. A. Black Ames 

W. J. B. Boatman Des Aloines 

D. R. Bouldin -Ames 

R* D. Brigham Ames 

R. G, Brown Clarinda 

G. M. Browning Ames 

V. R. Bruce Knoxville 

W. F. Buchele Ames 

W*. C. Burrows -Ames 

F. J. Carlisle, Jr. — — Ames 

S. J. Chao Clear Lake 

S. E. Christie Burlington 

Hi H. Clarke -Conrad 

J. F. Corliss Ames 

E. G. Crocker Storm Lake 

J. H. Curme — Ames 

C. S. Dorchester Ames 

J. W. Dudley Ames 

L. C. Dumenil Ames 

E. R. Duncan Ames 

E. S. Dyas -—Ames 

J. C. Eldridge ——Ames 

B. J. Firkins Ames 

E. E. Gamble Ames 

R. Garst Coon Rapids 

. : E. Gilbert/ - Anies 

Fellow, American Society of Agronomy. 


S. F. Goodsell Des Moines 

D. B. Grissom — -„Ames 

H. D. Gross Arnes 

B. L. Ctrover - — — — — —--Arnes 

G. M. Halverson -Grinnell 

R. L. Handy — Ames 

J. J. Hanway --Ames 

G. W. Harmon Sioux City 

V, B. Hawk - - — Ames 

M. M. Hoover — Ames 

H. D. Hughes'** - — Ames 

M. W. Hunt Ackley 

C. D. Hutchcroft - - -Ames 

G. D, Johnson Des Moines 

I. J, Johnson '•* .--Ames 

R. R. Kalton „--_Ames 

W. F. Keim -Ames 

D. Kirkham -Ames 

R. E. Krenzin - Ames 

M. H. Kuo Ames 

W. E. Larson - — Ames 

A. Leffler --Johnston 

,F. A, Loeftel -----Ames 

D. F. Matzinger Ames 

A. L. McComb Ames 

L. McCurdy - --Fremont 

D. Metcalfe — - -Ames 

R. D. Munson - Ames 

H. C. Murphy’*' Ames 

N. M. Nelson --Lunioni 

O. Newlin Des Moines 

D. R. Nielsen Ames 

H. A. Peacock Ames 

L. H. Penny Ames 

J. T. Pesek, Jr. Ames 

W. H. Pierre’** Ames 

R. Prill Ames 

E. Richlen - Ames 

F. F. Riecken Ames 

K. A. Riggs, Jr. -Ames 

J, L. Robinson Ames 

R. V. Ruhe — Ames 

J. R. Runkle.s Ames 

R. C. Russell Adel 

W. A. Russell Ames 

F. W. Schaller -Ames 

R. W. Schlick - Shenandoah 

L. A. .Schneider Ctxm Rapids 

J. M. Scholl - Ames 

A. D. Scott Ames 

W. D, Shrader - - Ames 

V. W. Silkett —Des Moines 

C. M. Smith, Jr. .-Ames 

S, M. Smith Muscatine 

S^. N. Smith Ames 

C. Spies Clarinda 

G. F. Sprague‘S- Ames 

D. W. Staniforth Ames 

J. F. Stone --Arnes 

J. A. Stritzel Ames 

H. L, Sutton, Jr. Burlington 

W, 1. Thoma,s - Ames 

H, Thompson Ames 

L, M. Thomp,son -Arnes 

A. S. Thoreson Des Moines 

H. R. Thiimma Laurens 

R. 1. Turner Hampton 

L. E. Tyler Ames 

J. W. Wallace Des Moines 

J. R. Webb Ames 

C. R. Weber Ames 

L. A. Weddige Dayton 

G. W. Wengert Ames 

S. C. Wiggans — Ames 

W. O. Willis Ames 

C., ■ ;P,.' - Wilsiei w ■ 


K . L . Anderson — 

L. E. Anderson"— 

M. C. Axel ton ^ 

L. F. Baker, Ir. — 

C>. W. Bidv^U 

P. L. Brown 

A. L Casadv 

W.’S. Chepil — — 

A. L. Clapp 

j. J. Curtis 

E. bade — 

F. E. Davidson 

W. W. Duitsman — 

R. Ellis, If. — 

W. L. Fowler - — - — — 

J. G. Frazier 

P. L. Gainey - 

H. L. Hackerott 

M, D. Hague 

R. J. Hanks — - — 

E. b. Hansing 

I . O. Harris - - ----- — - - 

C. Herbel - — 

£. G. Heyne - 

J. A. Hobbs — — — - 

C. O. Johnston 

J. B. Kuska 

H. H. Laude*^* — 

A. E. Lowe 

M. C. Luodquist 

E. L. Mader '-— — — 

|. D. McNeal 

W. A. Moore* 

■ H . ■ E , Myers - - - - - - , 

A. P. Nelson 

R. V. Olson 

A. W. Pauli 

A. T. Perkins 

W. M. Phillips 

R. C. Pickett - 

T, C Roark 

W. M. Ross — 

F. W. Smith — 

L. A. Tatum 

F- C. Thorp 

R. I. Throckmorton’*’ 

T, L. Walter 

C. E. Whissoni - 

G. Wilkinson .... 

V. M. 'Vv'nestemever 

J. W. Zahiiley 

■....KENTUCKY 


-Manhattan 

Manhattan 

— Minneola 

Topeka 

----Manhattan 

— Hays 

----Manhattan 
- — Manhattan 

Manhattan 

-----Toronto 

Hutchinson 

-Mound Valley 

---Hays 

-- — Manhattan 
_ — .Manhattan 

— — -Manhattan 

Manhattan 

Hays 

-- — Manhattan 
Manhattan 

— -Manhattan 
-—-Manhattan 
Manhattan 

— Manhattan 
----Manhattan 
-...--Manhattan 

-Colby 

Manhattan 

---Garden City 

-Great Bend 
----Manhattan 

..Topeka 

---Hutchinson 

Manhattan 

--------Salina 

-—-Manhattan 

----Manhattan 

-Manhattan 
Hays 


Manhattan 

——Wichita 

^-----Hays 

.---Manhattan 
-Manhattan 
. — -Manhattan 
.---Manhattan 

Colby 

----Hiawatha 

--Garden City 
------Topeka 

Manhattan 


H. H. Bailey — - 

E. C Doll 

W. G. Duncan 

E. N. Fergus’** 

V. C. Finkner — 

B. W. Fortenbery 

J. F, Freeman 

J. $. Harrison 

L. Henson — -- — 

P. E. Karraker 

W. A. Kendall 

H. F. Massey, Jr. 

G. Roberts*^ - 

WL A. Seay 

J, F. Shane 

C O. Spillman - 

W. G. Survant 

N. L. Taylor 

T. H. Taylor 

W. C. Templeton, Jr, 

E. P. Tichenor 

G. T. WeKster 


— Lexington 

- - — — Lexington 
---—Hopkinsville 

- - - — - Lexington 

- - - - - - - Le.x i ngton 
-------Lexington 

----- Lexington 

-——--Lexington 

- - — - - -Lexington 

- - - - - _ - Lexington 
———-Lexington 

Lexington 

- Lexington 

Lexington 

-Lexington 

College Station 

--Lexington 

Lexington 

Lexington 

Lexington 

Owensboro 

Lexington 

- Lexington 





MEMBERSHIP LIST, 1955 


341 


LOUISIANA 

A. O. Alben v — — Shreveport 

T. J. Arceneaux Lafayette 

L J. Becnel New Orleans 

R. H. Bnipbacher — .^..Biiton Rouge 

D. S. Byrnside, Jn — ^™>-_„_Baton Rouge 

C. C. Cain Lafayette 

S. L P. Chilton Baton Rouge 

W. E. Dee Amite 

D. L Fontenot ^-.-Alexandria 

J. P, Gray Baton Rouge 

H. E, Hammar -Shreveport 

J. G. Hammons — -- — — -Monroe 

M. T. Henderson - — Baton Rouge 

D. M. Johns — -Homer 

J. E. Jones — Baton Rouge 

J. L. Keogh — Homer 

C L. Mondart Jr. — Baton Rouge 

J. Y. Oakes -- — -Bossier City 

C. R. Owen _ — -----Baton Rouge 

W. H, Patrick, Jr. Baton Rouge 

J. M. Peek -Lafayette 

W. J . PecN' y — - - — - - Baton Rouge 

D. A . R u ssei — - „ — - H omer 

F. W, Self — — Baton Rouge 

E. C. Simon --Baton Rouge 

T. J. Stafford Baton Rouge 

H. Stoneberg --—Baton Rouge 

M. B. Sturgis*"' Baton Rouge 

R, K. Walker — Crowley 

G. E. Wilcox - — ^-—-Horner 

'MAINE 

K. V. Goodman Orono 

R. A. Struchtemeyer -_Orono 

L. H. Taylor — -Orono 

H. E. Young — Orono 

MARYLAND 

O, S. Aamodt*-' Beltsville 

C R. Adair Beltsville 

L. T. Alexander*'* Beltsville 

W. H. Ailaway Beltsville 

F. E. Allison Beltsville 

M, S. Anderson Beltsville 

W, H. Armiger Beltsville 

M. E. Austin -Beltsville 

j. H. Ax ley College Park 

J. H. Baker Frederick 

R. H. Bamberg - Hyattsville 

H. D. Barker Beltsville 

J. F. Bartz Edgewood 

D. F. Beard Beltsville 

G. A. Bourbeau --—College Park 

N. G. Brandenburg Greenbelt 

C. S. Britt Beltsville 

j. C. Bryant Bethesda 

J. G. Cady — --Beltsville 

J. D, Campbell Baltimore 

F. E. Clark*?* Beltsville 

K. G. Clark Beltsville 

L. J. Clark Beltsville 

F, A. Coffman*?* _-___--_---„Beltsville 

J. S. Cole Silver Spring 

D. M. Crooks College Park 

L. A. Dean*?* -----Beltsville 

A. M, Decker, Jr. College Park 

H. R. DeRose Frederick 

R. S. Dj^al Frederick 

T. W. Edminster Beltsville 

L. W, Erdman Beltsville 

C. E. Evans - Beltsville 

R. J. Fegan - Sherwood 

W. R, Findley, Jr. Beltsville 

R. J. Fortier Baltimore 

H. A, Fribourg Frederick 

M. Fried Beltsville 

C. S. Garrison Beltsville 


W. C. Gerhart — -Owings Mills 

S. S, Goldberg — —Frederick 

F. V, Grau ^-Gollege Park 

H. O. Graumann Beltsville 

A. A. Hanson Beltsville 

W. D. Hanson Beltsville 

H. E. Heggestad — Beltsville 

M. A. Hein*?* Beltsville 

S. B. Hendricks*?* Silver Spring 

P. R. Henson Beltsville 

J, B. Hester ^Elkton 

E. R. Holden ^-Beltsville 

E. A. Hollowell*'* Beltsville 

J. H. Hoyert Beltsville 

J. M. Hufiington ! Towson 

O. J, Hunt --Silver Spring 

H. L. Hyland : Silver Spring 

K. D. Jacob — . — Beltsville 

M. T. Jenkins*?* -Beltsville 

H. W. Johnson Beltsville 

W. B. Jordan Baltimore 

K. R. Keller — — Beltsville 

O. J. Kelley - — Beltsville 

T. Kerr ^^Beltsville 

V. J. Kilmer Beltsville 

A. A. Klingebiel — Silver Spring 

H. S. Klosky — —Baltimore 

A. O. Kuhn ! --College Park 

E. L. LeClerg Beltsville 

R. C. Leffel - -College Park 

J. O. Legg - ---Beltsville 

G. P. Lippincott -Cambridge 

W. 2, Mackie Beltsville 

J. H. Martin*?* -Beltsville 

O. R, Mathews - Beltsville 

B. L. Matzek -----Beltsville 

J. E. McMurtrey, Jr,*?* Beltsville 

R. G. Menzel Beltsville 

E. B. Minton Frederick 

J. G. Moseman — Beltsville 

R. T. Moyer - Chevy Chase 

D. C. Nearpass Beltsville 

L. B. Nelson -Beltsville 

A, S. Newman --Frederick 

A. C, Oreval Lanhani 

M. W. Parker .--Beltsville 

W. W. Pate — College Park 

E. J. Pedersen College Park 

R. L. Pendleton Baltimore 

P. J. Prosser — - — Baltimore 

D. A. Reid — Beltsville 

R. F. Reilemeier — -Beltsville 

L. P. Reitz --——--Beltsville 

T, S. Ronningen College Park 

R. G. Rothgeb College Park 

S. C. Salmon*?* — — Beltsville 

P. W. Santelmann College Park 

V. Sauchelli - - Baltimore 

R. E. Shapiro - --Beltsville 

W. C Shaw Beltsville 

R. W. Simonson*?' Beltsville 

C. S. Slater — Beltsville 

A. M. Smith ^-----Baltimore 

H. M. Smith Hyattsville 

T. R. Stanton*?* Hyattsville 

R. Starostka Beltsville 

L E. Stokes Beltsville 

E. Strickiing College Park 

U. Teemant College Park 

M. D. Thorne Beltsville 

V. K, Toole Lanham 

H. M. TysdaP?* Beltsville 

R. E. Uhland Beltsville 

V. Vaiassis College Park 

A. J, Vessel Beltsville 

C H. Wadieigh Beltsville 

R. E, Wagner —Beltsville 


W. F. Watkins ———Chevy Chase 
M. G. Weiss*?* —Beltsville 

C. W. Whittaker -— —.-Beltsville 

L, D. Whittig Beltsville 

G. A. Wiebe*?* Beltsville 

MASSACHUSETTS 

P. G. Arvan —- — — -Everett 

E. A. Brown Boston 

J. A, Chucka*?* West Springfield 

W. G. Colby — — —Amherst 

G. Cornish — Amherst 

R. W. Donaldson*?* ————Amherst 

M. Drake — —Amherst 

R. T. Martin — —Cambridge 

I. P. Miller — — — Cambridge 

H. Plate — --West Springfield 

E. C Roberts - ——Amherst 

D. H. Sieling Amherst 

L Vengris Amherst 

F. Verdoorn ——-.Waltham 

£. K. Walrath — - ^—— Granville 

W. W. Washko —West Springfield 

MICHIGAN 

B. L. Allen -——East Lansing 

B. C. Andersen —Berrien Springs 

F. R. Austin — —Galesburg 

A. S. Baker —East Lansing 

G. D. Bedell —Rose City 

E. J. Benne --———.-.-..-East Lansing 

H. W. Bockstahler ——..East Lansing 

G. Bouyoucos — East Lansing 

W. S. BrammelL Jr. —..East Lansing 

H. M. Brown -East Lansing 

W. Cargo Marquette 

B. R, Churchill East Lansing 

W. H. Colburn Lansing 

R. L. Cook*?* East Lansing 

K. Cooper East Lansing 

A, Corcos East Lansing 

S. T. Dexter East Lansing 

W. E. Dickison Sault Ste. Mane 

R. E, Dlls East Lansing 

H. A. Doehne East Lansing 

E. E. Down*?* East Lansing 

C Engberg East Lansing 

M. H. Erdmann East Lansing 

A. E. Erickson East Lansing 

M. G. Frakes Saginaw 

W. S. Fraser Calumet 

]. E. Grafius East Lansing 

J. R. Guttay Lansing 

C. M. Harrison East Lansing 

S. C. Hildebrand East Lansing 

K. E. E. Johnson East Lansing 

M. W. Johnson. Jr. Plainwell 

F. V. Juska --East Lansing 

A. L. Kenworthy --- — . — : — East Lansing 

K. Lawton East Lansing 

R. E. Lucas East Lansing 

R. E. McCoy Sanford 

G. K. McCutcheon Birmingham 

C E. Millar*?* East Lansing 

J. A. Mora East Lansing 

M. M. Mortland East Lansing 

M. J. Murray -Kalamazoo 

L. V. Nelson East Lansing 

A. G. Norman^* Ann Arbor 

K. T. Payne East Lansing 

J. A. Porter East Lansing 

P. A. Reeve Saginaw 

L. S. Robertson, Jr. — East Lansing 

O. C Rogers East Lansing 

E. C. Rossman East Lansing 

I. F. Schneider East Lansing 


*?* Fellow, American Society of Agronomy. 







liliiii 


AGRONOMY JOURNAL 


L. Soiithwick 

S. H. Spurr 

R. M. Swenson 

M. B. Tesar - 

B. J. Thiegs 

L, M. Turk 

F. Turner, Jr. 

D, M. Van Doren, Jr. - 

E. P. Whiteside 

B. C. Williams 

N. A. Wiliits 
H. Wittels 


-Mid land 
— .Ann Arbor 
. _ _ — East Lans i ng 

Bast Lansing 

---Midland 

East Lansing 

-.-Lansing 

— East Lansing 

-EasSt Lansing 

East Lansing 

.—--East Lansing 
--—-East Lansing 


MINNESOTA 


H . Abraham 

F. J. Alway''^' 

W. W. Anderson ___ . 

H. F. Arneman - 

E. R. Ausemus’'' 

E. W. Bankston — 

J. Barnard 

B. H. Beard — 

R. N, Bieter — — — 

G. R, Blake 

D. S, Briggeman^.- 

R. A. Briggs 

D. Broberg 

W. W, Brookins— .. 

R. G. Buckner 

P; M. Burson 

A. C. Caldwell — — — 

R, E. Clark — - 

V. E. Comstock - 

D. A. Cowles 

J. O. Culbertson ----- 

R. S. Dunham 

L. J. Elling 

R. A. Erickson — - - _ . 

G, D.' Failes 
D. G. Fletcher 

B. Fiuen — 

J. ■ Grava : — _ — 

R. B. Gunn - 

B. Haapala 

A. r. Hayden — — — 

H. K. Hayes^= V— — - 

L. C. Hulbert — — — 

. E. H. .Jensen— 

M. johnson 

H. E. Jones 

H. A. longedvk 

K. Kaukis ' 

M. Keating 

M. A. Kiess 

L W. Lambert - 

W. C. Landgren 

W. F. Lehman 

W. M. Lewis — — 

D. B. Linden 

W. P. MacDonald - — 

J. M. MacGregor 

W. P. Martin 

R. N. McCaulI 

R, L H. McKenzie 

P. R. McMiUer— 

E. B. Moore 

W. M. Myers ’J* 

W. W. Nelson 

E. Olson — ■ 

L. E. Orth 

G. M. Perry : 

G. A, Peterson 

E. L. Pinnell 

R E. Ray — 

E. H. Rinke 

R. G. Robinson 

C. O. RosF^ 

P. D. Sanders 


- -Minneapolis 

-————St. Paul 
Marshall 

— St. Paul 
----- --St. Paul 

— Willnmr 

- _ - „ - LeSueu r 

— — — St. Paul 

- — _ - - M ankato 

—St. Paul 
--.——Waseca 
— St. Paul 
...-----Twin Valley 
— ----- Mi nneapol is 
- — ---—-St. Paul 
— St Paul 
—-——St Paul 
„ LeSueur 
— — -St.,,Paul 

--Rochester ■' 
Paul 

———St Paul 
———St Paul 
Fergus Fal 1 s 

^St Paul 

Minneapoi is 
———Hatfield 
_ — — __St Paul 
.----Redwood Falls 
— - — — — -Dassel 
. — - — -.ReS ueu r 
St, Paul 
_ — — --Minneapolis 
...-St. Paul 
---...------Marshall 

St Paul 

Minneapolis 

LeSueur 

Minneapolis 

Collcgeville 

St Paul 

- Willmar 

St Paul 

St Paul 

St Paul 

Minneapolis 

St Paul 

--St Paul 

Minneapolis 

St Paul 

St. Paul 

Minneapolis 

St Paul 

Dulutli 

Minneapolis 

St Paul 

— New Ldm 

-St Paul 

— .Waseca 

— — St Paul 

St Paul 

St Paul 

St Paul 

— Redwood Falls 


A. R. Schmid -—-..-St. Paul 

E. L. Schmidt .St. Paul 

R. E. Schobert --——Mankato 

F. M. Scilley -- — .——-Thief River Falls 
JVC. Sentz— — ———— — — St Paul 

C. A. Simkins — - — St Paul 

O. C. Soine — — Crookston 

H, Tebben ---Clara City 

R L. Thomas — --—St Paul 

D. H- Timothy ----- - St Paul 

J. R. Watson, Jr. --Minneapolis 

MISSISSIPPI 

W. B. Andrews*^ — .---State College 

G. E. Bardsley, Jr. State College 

R W. Bennett ———State Collie 

D. H . Bowman - Stonevil le 

W. M. Broadfoot ^ Vicksburg 

C, A. Carlson - -Vicksburg 

W. A. Cole Pascagaula 

O. PL Coleman . — --Meridian 

W‘ J. Drapala State College 

R. C Eckhardt - - State College 

W. B. Ennis, Jr— -----State College 

H. Evans - - — — - — - Shuq u al ak 

W. L. Giles -Staneville’ 

R. G. Hanson - - Scott 

E. E. Hartwig -..-Stoneville 

Y. H. Ha vens — - - - „ - - Meridian 

■.P.„G. Hogg Stoneville 

C. D. Hoover ------ --„„State College 

H. V. Jordan -State College 

W. E. Keenan — --Greenwotul 

W. E. Knight — --State College 

J. D. Lancaster— State College 

C. W, Manning -------- ---—Stonevjlle 

D. C, McChirkin ^-Oxford 

J. R. Aleyer --Stoneville 

L E. Miles -State College 

L. C. Miirphree — -Decatur 

L. E. Nelson - — ^„State Col lege 

J, F. O'Kelly — — —State College 

J. C. Powell -Belzoni 

R Ramey —--——Stoneville 

K. G. Reinhart — — - ^ - V icksbuig 

J. P. Stanford -Jackson 

T. C. Tucker ----State College 

■ H. ,F., 'Wallace .Canton. 

A. T. Watson --—-Greenville 

D. G. Wells State College 

L. N. Wise — — ...State College 

J, li. Young --Tupelo 

MISSOURI 

NXr A. AihrechP^' ---Columbia 

E, Anderson St. Louis 

R. Balser : Kansas City 

W. F. Bennett Sikes ton 

E. M. Bnnvn'^ Columbia 

J. Chrisman , --Kansas City 

C, K. Cloninger Columbia 

T. Fi.sher Columbia 

O, H. Fletchall Columbia 

P. y. Fletcher Columbia 

F. S. Gilmore Kansas City 

£. R. Graham Columbia 

C. O. Grogan Columbia 

PL E. Grogger Columbia 

P. W. Gul! Kansas City 

W. C Plansel Carrollton 

H. E. Hughes Hamilton 

V. C. Jamison — Columbia 

D. L. Kiingman Columbia 

H. H. Krusekopf Columbia 

J. H. Longwell, Jr. ---Columbia 

C. H. Marshall’'' Columbia 

M. F, Aliiler* Columbia 

W. H. Odom Marshall 


P. OnstoL -------- 

■J. E., Patterson 
j. G. Peppard - — ---- 

J, M. Poehlman , 

E. E. Sears 

D. D. Smith 

G. H. Smith — 

M, E. Springer -- — 

C. B. Stephenson 

D. Al Whitt — — 

L. F. Williams — 

G. L. Wilson — — — — 

C. Af. Woodrufi' 

M. S..Zuber — — „ 

■ AlONTANA' 

T. J. Army 

J. A. Aslesun — 

W. C. Bourne 

R. H, Campbell - 

D. R, Caw I field — 

G. S. Cox 

, R. F. Esiick 

E. , E. 'Frahtir 

L. Gray — - ■ 

J. G. Haigh 

L. T. .Planson 

, C;. H a u 0 - ------ .... - .... ... ... - - 

E. R. Helm 

J. C Hide - 

R. JoJie.s 

M . Kk'igeS „ - - ... ... — ... - 

■JVL. Krall — — 

B . A . . ■ Ki‘a n tz - .- ... 

R. C. MvCimnell 

F. H, McNeal 

/V D. Aliles 

■.E. A. N ieschmidt ■. ~ - .. ’ - - .... 

■'A. H. Post--.——-.———:, 

A-. F. Shaw . 

V.. R,. Stewart - — — — 


-------Joplin 

—Kansas City 
--Kansas City 
——Columbia 
--—Columbia 
— ^ -Columbia 
----Columbia 

-- — Columbia 
-- — St Joseph 

Columbia 

----Columbia 
-Kirkwood 
— -Columbia 
Columbia 


----Bozeman 
— — Bozeman 

- - —Bozeman 
Huntley 

- -Bozeman 

- -Alissoulu 
----Bozeman 
..---Bozeman 
.-Big Timber 
-Tiiree Forks 
... Plenty wood 

Bozeman 
.. - --Bozeman 

- Bozeman 

z\naeonda 

-Bozeman 

ivfoaasin 

Billings 

Mi.s.soula 

Bozeman 

.--Living.ston 

Billings 

B{»ze}iuin 

Bozeman 

- --Creston 


— -State College 

K. E. Stitt — 

— - - Bozeman 

-Belzoni 

R. M. Williams 

--Aloccasin 

.--—--Stoneville 
- T_--Vicksbuig 

■ N,EBRASKA.,, 


Jackson 

A. R. Aandahl - - - - - - .. „ - ... - 

- — ---Lincoln 

--State College 

R. Allmaras — 

---Lincoln 

— - ■ - -- -Canton ■ 

R, C.: Allred — - — 

- - - - .. Lincoln 

.Greenville 

■ L. Che.snin 

------Lincoln 

State College 

E.- C. Conard 

Lincoln 

......State Ca>IIege 

H, H. Doll — 

Lincoln 

....-..-----I’upelo 

A. F. Dreier 

Lincoln 

F, L. Duiev'" - - 

Lincoln 

I 

H. C. Engdahl 

- l.exi ngton 

----Columbia 

G. A. Feather 

--York 

— St. Louis 

R. L. Fi>x - 

Lincoln 

Kansas City 

E. E, Ertilik 

Lincoln 


C. O. Gardner - 

--Lincoln 

-Columbia 

'F. H, Goodding*'’ - 

Lincoln 

-Kansas City 

H, J. Gorz 

Lincoln 

Columbia 

AL J. Greenwood 

,.-Nc>rth Platte 

Columbia 

D. (L Hanway 

Lincoln 

— - Columbia 

V. A. lohnson 

Lincoln 

Columbia 

W. R.*Kehr 

Lincoln 

-Kansas City 

F. D, Keim’" 

Lincoln 


T. A. Kiesselbach* 

Lincoln 

— — Columbia 

PL G. Kmoch — 

Lincoln 

Cokimhia 

F. E. Koehler 

------Lincoln 

Kansas City 

R.. Cv LippS/ — 

Lincoln 

Carrollton 

1 H. Lonnquist 

-Lincoln 


R. E, Liiebs 

Lincoln 


R. P. Matelski 

Lincoln 


A. Mazurak 

-Lincoln 


T. M. Mi-Callii 

^ Lincoln 


D. P. AfcGill 

- Lincoln 

Columbia 

L. C Newell - 

- Lincoln 

Columbia : 

R. A. Olson 

Lincoln 


-K. ..Peter-: 

Omaha 


' s ^ Fellow, American Society of Agronomy. 













MEMBERSHIP LIST, 1953 


. Porter 

Eiimig 

. Rhoades 
V Schmidt 
Stangei 


Lincoln 
-North Platte 
— „„lincaln 
. — Lincoln 
- — -^„-«.Omaha 


P. H. Stewart — -Omaha 

J. L. Strauss „ — . — — Herman 

D. D. Wainscott ---Lincoln 

0. J. Webster Lincoln 

V. A. Welch ----Fremont 

V. H. Welch — — — .--Fremont 

M. D. Weldon --Lincoln 

B. H. Williams --- — .-Lincoln 

1. H. Wdliams, Jr. — -Lincoln 

C. H. Yien _ — — — - — ^-Lincoln 

NEVADA 

H. R Cords — — — —Reno 

L. E. Dunn — Reno 

W. C. Robocker - Reno 

A. ,F. Sander Las Vegas 

O, F. Smith — -Reno 

V. E. Spencer --Reno 

NEW HAMPSHIRE 

H. R. Adams -Durham 

R, L. Donahue -Durham 

G. Dunn - — ------Durham 

L. j. Higgins — -Durham 

W'. H. Lyford — — -Durham 

S. A, Miller — — -----Durham 

G, P. Percival ---..--Durham 

R. S. Pierce - — — -Laconia 

A. B. Prince --——Durham 

^ F, 'S,: 'Prince*^, — Durham 

NEW JERSEY 

G. H, Ahlgren — .---New Brunswick 

R. B. Alderfer — ------New Brunswick 

R. J. Aldrich — -- — -New Brunswick 

J. C. Anderson — _ — --Middlebush 

F. App — „ „ — — - — . — . — Bridgeton 

W, R. Battle -———-----New Brunswick 

J. E. Baylor — — . — New Brunswick 

F. E. Bear* „ — . „ _ — — - -New Brunswick 

J. W. Borland — ^ Morris Plains 

D. B. Bradley — ^-Riverton 

G. p. Brill — -----Freehold 

R. E. Engel New Brunswick 

N. A. Ferrant Jr. -- — .--Yardville 

H. W. Gaiisman -—..—--New Brunswick 

W. J. Hanna --..New Brunswick 

R. D. Ilnicki New Brunswick 

J . S. Joffe - - - — - „ — - „ - - -N ew Brunswick 

J. R. Kuykendal 1 - - - — - - - - - - - Bayonne 

J . Lamb, Jr. - —New Brunswick 
W. A. Mitcheltree ----- New Brunswick 

C. H. Moran , — --—-Riverton 

L. T, Pitts -——Red Bank 

D, Framer -----New Brunswick 

G. A. Qiiakenbush New Brunswick 

R. S, Snell - New Brunswick 

M, A. Sprague New Brunswick 

R. L. Starkey New Brunswick 

O. F. Steigerwald Irvington 

J. C. F. Ted row New Brunswick 

S. J. Toth New' Brunswick 

J. A. Vomocil New^ Brunswick 

O. W. Willcox Ridgewood 

H. F. Winterkorn --Princeton 

NEW MEXICO 

C. W. Chang State College 

C. H. Dieboid - Los Lunas 

H. E. Dregne State College 

M, D, Finkner - State College 

P. A, Fryxel! State College 


C. H.;Hsi _ 

R. W. Learner -------State College 

K. W. Livers 

H, J . Maker -State College 

J. C, Overpeck ---State College 

M. R. Pack — — State College 

A. M. Rennie .--Dulce 

G, Staten -State College 

NEW YORK 

H. M, Albright --New York 

S. R. Aldrich -Ithaca 

K. R. Allred . — — — ^-Ithaca 

S. S, Atwood* -Ithaca 

M. V. Bailey —————— New York 

H. S. Bannister -^Phoenix 

A. J. Baiir — — — -—-Ithaca 

K. Ci Beeson* j Ithaca 

R. A. Benedict —Brooklyn 

G. H. Bolt - .Ithaca 

R. Bradfieid* - -Ithaca 

N. C. Brady Ithaca 

C. S. Brandt —Ithaca 

H. C. Brewer ^-„Ncwv York 

A. Brokans Port Washington 

H. O. Buckman* - Ithaca 

T. W. Childs ————New York 

B. E. Clark — —-Geneva 

G. S. Cripps — ^ — -New York 

N. J. Curtis — Worce.ster 

B. C. Deane - ---Brooklyn 

L. L Dushek --Ravena 

W. D. Eniiie -—--Albion 

H. L. Everett -Ithaca 

R. , 'Feuer —-—-..-.^-—Ithaca ■ 

C. G. Forshey ^Poughkeepsie 

G. R. Free — — — —Ithaca 

W. L. Griffeth —Ithaca 

H. B. Hartwig — — Ithaca 

S. B. Haskell* ---Middletown 

D. M. Hayden — -New York 

R. D. Henson ———Buffalo 

A. W. Hofer ------ —Geneva 

W, D, H unnicutt — - _ _ „ _ — — -New' Y ork 

N, F. Jensen -Ithaca 

A. A, Johnson —--—--Ithaca 

W. K. Kennedy __Ithaca 

E. T- Kinbacher — --—-Ithaca 

C H. Kline New York 

C. F. Koii/'ak --Upton, L. 1. 

K. Kopf Niagara Falls 

J. Kubota — ------------Ithaca 

W. E. Lafkin ————White Plains 

D- J. Lathweil - - - - _ - — — -Ithaca 

E. W Xeland ------------ ——Ithaca 

H. H. Love* —Ithaca 

G;., G. 'Lowe Ithaca 

J. D. Luckett* —————— Geneva 

C T. Marshall New' York 

H. G. Marshall - — Niagara Falls 

I W. Miller —Ithaca : 

R. D. Miller — ---Ithaca 

T. E. Milliman — --Ithaca 

H. M. Hunger Ithaca 

R, P. Murphy Ithaca 

R. B, Musgrave Ithaca 

H. B. Neville Farmingdale 

W, M. Nixon New' York 

M. Peech* .--Ithaca 

J. A. Pelissier New' York 

*E. E. Pfeiffer Valley 

H. L. Porter, Jr, Elmira 

C. M, Pow'ell New' York 

H. Rinnan New York 

E. W. Rynas Golden s Bridge 

L. SaltonstalL Jr. ; — Ithaca 

C. B. Sayre Geneva • 

M. M, Schreiber Ithaca 


H. Schuibach Groghan 

G. H. Serviss — -----Ithaca 

N. J. Shaulis -—-Geneva 

W. R. Singleton Upton, L. L 

R. R, Smalley - -.^-Farmingdale 

J. H. Sprague, Jr. ^ - _ — New Y ork 

IL L. Stone, Jr. - - _ - - Ithaca 

E. Taschdj ian - - - _ - - _ Brooklyn 

E. R. Townsend ———-Buffalo 

A. R. Tw'ombly Pleasant Valley 

J. F. Underwood -Ithaca 

M. T. Vittum Geneva 

D. P. White — --.J. --^-Syracuse 

R, G. Wiggans ^Ithaca 

E. L. Worthen* -Brooktondale 

P. J. Ewerman ---Ithaca 

NORTH CAROLINA 

J. H. Abrahams, Jr. Raleigh 

H. Al-Jibouri ---Raleigh 

J. L. Allison -- — --Raleigh 

R. [. Alvis —North Wilkesboro 

B. Baird — — ^—Raleigh 

H. J. Bragg --—-Washington 

J. M. Carr -Oxford 

D. S. Chamblee -Raleigh 

J. F. Chapilin ^——Raleigh 

T. S. Coile - -----Durham 

E. R. Collins - Raleigh 

W. E. Colw'eli—— — — Raleigh 
W. A. Cope — — — Raleigh 

S. H. Dobson ----- — Raleigh 

P. N. DroLsom -Oxford 

G. H. Earle, Ir. Lumberton 

J.. W, Fitts -“--——————Raleigh 

L. A. Forrest — Raleigh 

F. N- Goforth ----------------..-Wilsp 

E, F. Goldston — ——--—-.-Graham 
W. C. Gregory ..Raleigh 

C. H. Hanson— — — — —Raleigh 

D. G. Harris ———..Raleigh 

P. H. Harvey - — Raleigh 

M. E, Harward -Raleigh 

G. W. Haw'kins — --.Raleigh 

T. B. Hutcheson — -Raleigh 

W. A. Jackson Raleigh 

G. L. Jones — — — -—Raleigh 

E. J. Kamprath -—-Raleigh 

G. C. Klingman --- — ------ — ..Raleigh 

W. D. Lee —Raleigh 

C. C. Lew'is - - - - - - _ - - _ — - Greensboro 

R . L. Lovvorn _ * —Raleigh 

J. F. Lutz --^---Raleigh 

“T. E, Maki — — ~ ~ - - - — — - _ — —Raleigh 

T. J. Mann — .--Raleigh 

D. D, Mason—---——: — --Raleigh 

C. McAuliffe — Raleigh 

S. B, McCaleb— Raleigh 

A. C. McCliing Raleigh 

A . Mehl ich Raleigh 

E. V, Miller -—--- — -. Raleigh 

P. A. Miller ,-Raleigh 

R. P. Moore Raleigh 

J. NeSmith Raleigh 

R. G. Petersen Raleigh 

C. W. Ralston Durham 

W. H. Rankin Raleigh 

P. H. Reid Raleigh 

C. Rhyne Raleigh 

J. C. Rice Raleigh 

J. A. Rigney Raleigh 

H. F. Robinson Raleigh 

O. E. Rud Raleigh 

R, Samaniego Raleigh 

J. V. Schilfgaarde Raleigh 

K. J. Shaw' Laiir inburg 

F. Steele Raleigh 


* Fellow, American* Society of Agronomy, 









l.r;'^:ll" 


344 


AGRONOMY JOtrRNAt 


D. L. Thompson 
S. L. Tisdale ____ 
C. H. M. van Bavel 
}. B, Watts 
J. B. Weaver, Jr. 

J. C Williams 


^Raleigh 

Raleigh 

--..—-..Raleigh 
... — Goldsboro 

Raleigh 

— Raleigh 




If 

Sfili: 


■' 

i©'' 


F. A. Wolf ..Durham 

W. G. Woit^— .Raleigh 

W, W. Woodhouse. Jr, .........Raleigh 

E. T. York, Jr. .... Raleigh 

NORTH DAKOTA 

J. S. Allen Alandan 

D. L. Bannister !.... Rugby 

R. E. Bothun ...Fargo 

L. W. Briggle ._....-_._...._.._.Faigo 

C. W. Carlson — ...Mandan 

J. F. Carter Fargo 

I. T. Dietrich ... ..Fargo 

G. N. Geiszler Minot 

D. L. Grunes Alandan 

H. J. Haas ............... Mandan 

R, M. Heermann Fargo 

R. H. Jordan — ..... — Mandan 

H. W. E. Larson ........... — Bismarck 

K . Lebsock ..... .Fargo 

J. E. McClelland ...... Fargo 

C* A. Mogen Fargo 

E- B. Norum Fargo 

'O.' Olson ■ ^ ...........Fargo 

G. A. Reichman Mandan 

G. A. Rogler ..Mandan 

P. G. Sand a 1 .Fa rgo 

G. S. Smith ......... ..Fargo 

T, ;E.' Stoa’i- .Fargo 

H, L. Walster .Fargo 

V. L, Weiser ...Fargo 

W. Wiidakas — .................Fargo 

R. A. Young .Fargo 


T. G. Zubriski Rjr© 

OHIO 


S. R. Anderson . . _ 

— -Columbus 

M. A. Bachtell 

— Wooster 

E. E. Barnes 

— — Wooster 

A. E. Beardsley — - 

— Columbus 

J- M. Beards 1 ey _ ... 

P. E. Bline 

-Columbus 
— . — 1 um b us 

H. X, Borst 

--.-Wooster 

L. Brewster . : ^ . _ 

....Swanton 

W, © Byrd'— 

.. -Columbus 


W, H. Carmean ...... Athens 

H. L. Cook -...Columbus 

R, S. Davidson Columbus 

R. R. Davis Wooster 

F. R- Dreibelbis Coshocton 

J. W. Ferguson Columbus 

D, T. Friday Worthington 

F, P. Gardner — — Columbus 

E. F. Geyer Grove City 

G, F. Ham — , — Columbus 

J. L. Haynes — . — Wooster 

N, Holowaychiik Columbus 

W. C. Huff Columbus 

R. F. Husted Dayton 

E. Jones — ..Columbus 

R. F, Keeler Columbus 

E. R. Kuck New Knoxville 

C A. Lamb’^^ Wooster 

L, E. Loveless Dayton 

J. S. McCoy Cincinnati 

H, J, Mederski Wooster 

R. L. Meeker Columbus 

H, H. Morse Columbus 

J. L. Mortensen- ...Columbus 

G. J, Noggle Xenia 

J. B. Park — ..Urbana 


J. L. Parsons Wooster 

G. L. Plummer ... Yellow Springs 

E. P. Reed ....Columbus 

W. E. Reese ... — Columbus 

G. L. Rhykerd — Columbus 

E. I. Robinson .Columbus 

L, C, Saboe Columbus 

G. M. Schafer ... — Columbus 

R. W. Schery Marysville 

J'. A. Simmons Marysville 

J. A. Slipher Columbus 

J, M. Stackhouse ..Wakeman 

E. P. Stephens Wooster 

G. H. StringhekH'* — — Wooster 

P. H. Struthers — Wooster 

D. W. Tanger ... — — ...Bellefontaine 

A. D. Taylor ! — Toledo 

G. S, Taylor : Columbus 

J. M. Thompson ..Columbus 

V. A. Tiedjens ..Delaware 

H. H. Tucker^' — .Lima 

D. R, Urban Coshocton 

G. W. Volk Columbus 

N. © White ..........Columbus 

C. J. Willard* ... Columbus 

OKLAHOMA 

J. S. Bremks .Stillwater 

R. A. Chessmore ...... — Ardmore 

L, L Cray .... ..........Stillwater 

T. S. Cunningham ... Mangum 

B. C. Curtis .Stillwater 

H. A. Daniel .Guthrie 

F. F. Davies — .....Stillwater 

H. V. Eck ..Stillw^ater 

W. L. Garman .... — .Tulsa 

F, Gray ... — Stillwater 

J. M. Green .... Stillwater 

J . R. Harl an _ . _ _ . — ^ Stil 1 water 
H. J, Harper* ..... — Ardmore 

E. L. Hood Goodwell 

W. W Huthne ....Stillwater 

B. R. Jackson ^....^....Stillw^ater 

M. D, Jones ... .Oklahoma City 

R. J. Jones .Stillwater 

W. R. Kneebone ....... Woodward 

J. Q. Lynd — .....Stillwater 

R, S. Matlock .......Stillw'ater 

E. H. Mcllvain ..............Woodward 

H. F. Murphy ............... .Stillwater 

E. M, Oswalt ........... .....Stillwater 

W'. Parkey Stillwater 

M. K, Porter Choctaw 

L. W. Reed ...... ..Stillwater 

D. H. Reno Tulsa 

R. W. Scan! an ...Bartlesville 

A. M. Schlehuber Stillwater 

J. B. Sieglinger Stillwater 

H. W. Staten Stillwater 

J. R. Taylor, Jr.* ; Tulsa 

E. H. Templin ^Stillwater 

L. F. Thompson Ardmore 

H. C. Young. Jr. Stillwater 

OREGON 

L. A. Alban Corvallis 

L. E. Andrew Klamath Falls 

K. Baur Portland 

W. B. Bo Hen Corvallis 

S. N. Brooks Corvallis 

H. B. Cheney Corvallis 

O. C. Compton Corvallis 

C. S, Cooper Burns 

J. R. Cowan Corvallis 

H. E. Cushman Corvallis 

T. Dryness Corvallis 

D. D. Evans Corvallis 


D, W. Fishier : — Corvallis 

W. H. Foote ..... — Corvallis 

R. E. Fore ................CorvaHis 

R. V, Frakes Corvallis 

W. R, Furtkk ... Corva His 

C. J, Gerard — .Pendleton 

N. Goetze Corvallis 

A. L. Hafenrichter ... -Portland 

W. E. Hall Moro 

D. D, Hill Corvallis 

W. W. Hill ...... . — .Portland 

H. B. Howell Astoria 

A. S. Hunter — Corvallis 

E. R. Jackman ...Corvallis 

T. L. fackson Corvallis 

H. G/Knox — ...—Corvallis 

C. A. Larson .Hermiston 

P. Lemmon Portland 

G. L, Lowry ..Corvallis 

L. D. MacKellar — ...Portland 

R. J. Metzger Corvallis 

W. B. Neuburg .... .....Hillsboro 

D. L. Oldemeyer ... ..Nyssa 

M!. M. Oveson — Pendleton 

R. A. Pendleton .........Corvallis 

R . C. Roberts ... . . .Corral lis 

C. R. Rohde . — — —.Pendleton 

G. W‘. Schmitz ^........Klamath Falls 

H. A. Schoth* ........ Corvallis 

R. E. Stephenson* Albany 

H. E. Tower Portland 

H. M. Wadduups Pendlettm 

L, E. Warner .................Pendleton 

E. Winters ...Fossil 

L. N. Wright ... . — Imbler 

C. T. Youngberg Corvallis 

PENNSYLVANIA’ 

H. R. Albrecht* ..—University Park 

F. G. Hamer — University Park 

R. H. Beatty — ..Ambier 

C. R. Blackmon .Farm School 

C, S. Bryner .Lmiversity Park 

S. J. Buckw^old ....University Park 

D, R. Butler — .---.Harrisburg 

H. L. Carnahan University Park 

W. V. Chandler University Park 

R. W. Cleveland .——University Park 

A. IL Cooper ....University Park 

A. T, Corey ' ...Gibsonia 

IL Eastwood . Berwick 

C. F. Engle University Park 

M. H, Farnham — ..WL Conshohocken 

G. T. Felbeck Ihiiversity Park 

R. H. Forbes ..University Park 

H. R. Fortmann ..University Park 

R. J. Garber* I'niversity Park 

B. W. Ghering l.^niversity Park 

D. W. Gordon Doylestown 

IL H. Grissinger University Park 

C. K. Haliowell ...Huntingdon Valley 

L. L. Fluber .I'niversity Park 

L. L. Hug Landisville 

C. D, leffries* University Park 

J. P. Jones — .Drexei Hill 

L T. Kardos University Park 

V. J. Keenan Philadelphia 

R. S. Leach i'niversity Park 

W. Leach Scranton 

F. G. Loughry Harrisburg 

L. F. Marriott I'niversity Park 

M. C. Mcjunkin ... .Turtle Creek 

F. G. Merkle ..University Park 

W. H. Mitchell University Park 

H. B. Musser University Park 

J. J. Noll Harrisburg 

R. ’M. Patterson — ... University Park 


* Fellow, American Society of Agronomy. 





MEMBERSHIP LIST, 1955 


s. 

M. Raleigh 

-----University 

Park 

A. 

C. Richer 

_ — -University 

Park 

R. 

R. Robinson ----- 

-University 

Park 

S. 

E. Rov — - 

-—--University 

Park 

a 

P. Satchel I — . — - 

— --University 

Park 

A. 

Schatz 

--Farm School 

H. 

L. Schwanz - - 

--Fdiiladelphia 

R. 

C Scott — — — , 

Pittsburgh 

W 

. C. Sharp 

--—-University 

Park 

H. 

B. Sprague'*' 

--- — Lmiversity 

Park 

V. 

G. Sprague'*' 

University 

Park 

J. 

L. Starling 

.-University 

Park 

J. 

T, Sullivan -- 

Llniversity 

Park 

H. 

W. Swartley 

— — University 

Park 

R. 

J. Thomas, Sr. 


Park 

H. 

Timm 

--- I Jniversitv 

Park 

V. 

H. Unger — — 

— Willow Grove 

J. 

Valentine ____ 


R, 

C. Vanden Heiivel 

— ^Universitv 

Park 

J. 

B. Washko _ — — 

University 

Park 

R, 

D. Wennblom 

Philadelphia 

E. 

S. Wheeler 

-Philadelphia 

H, 

K. Wilson'*' — — - 

University 

Park 

H. 

D. Woofter 

; — --BridgevillL' 


RHODE ISLAjND 


R. S. Bell Kingston 

J. A> DeFrance — ^-^Kingston 

S. W. Hart Kingston 

T. E. Odiantl''’ — ^-.„Kingston 

M. Salomon ^Kingston 

J. B. Smith — Kingston 

I H, Stuckey Kingston 

R. C Wakehelti — Kingston 

SOUTH CAROLINA 

W. B. Albert — : _„_Clemson 

H. G. Allbritten — Cieiiison 

O. W. Beale Clemson 

W. B. Boykin — , — Clemson 

R. R. Coker ! Hartsville 

G. H, Collings'"*' ^-___Clenison 

H. P. Cooper''' Clemson 

R. W. Earhart - _C1 emson 

R. E. Gettys ; ;-Hart.sville 

S. b Hadden Hartsville 

H. J. Hardy „_-_„__^Aiken 

C. M. Jones Clemson 

J, W, Jones Clemson 

M. W. Lowry ...... .Spartanburg 

A. Manwiller Florence 

T. C, Mauer ..Spartanburg 

C, B. McCants Blackviile 

F. L. McNatt .„„.„._„„„„Clemson 

L. L Meti^■ „„LInion' 

J. Neely 

W. R. Paden**' _.._„„-Ciemson 

T. C: Peele __.-..„^..Clemson 

C. H. Rogers ..Hartsville 

W. B. Rogers „„_....„„„„„_„_-Blackville 
E. H. Stewart _„_.._„_.,-__„__>-_-C[emson 
H. A. Woodle -Clemson 

SOUTH DAKOTA 

B. L. Brage College Station 

P. L. Carson -lirookings 

L. A. Derscheid Brookings 

M. DeYoung New Holland 

E. L. Erickson Brookings 

L. O. Fine Brookings 

C. Franzke Brookings 

G. D. Johnson - Brookings 

K. A. Johnson Rosebud 

R* C. Kinch ^-----Brookings 

L. L. Ladd Brookings 

U. J. Norgaard Brookings 

L. F. Puhr Brookings 


J. G, Ross — — _ — Brookings 

D. B. Shank — Brookings 

A. O. Syverud — Brookings 

K C. Westin --Brookings 

E. M. White — Brookings 

R. J. Winger, Jr. — Huron 

W. W. Wofijella College Station 

, TENNESSEE : 

I. C. Bigger --Cookeville 

C B. Breinig --Nashville 

F. S. Chance ^-Knoxville 

M. J. Edwards Knoxville 

E. E. Elliott — — ^Knoxville 

W. J. HuddiCvSton -Cookeville 

L. M, Josephson — -—-Knoxville 

W . C. Lassetter Memphis 

J. K. Leasure Knoxville 

L. Lett - — Memphis 

W. S. Ligon :__Knoxville 

W. H. Macintire''' Knoxville 

R. J. McCracken --Knoxville 

B. C. Nichols — -Greenevilie 

T. S. Osborne ^-—.Knoxville 

R. Q. Parks --Memphis 

W. L. Parks - ——Knoxville 

C. G. Parris Doyle 

K. B. Sanders ____Knoxville 

L. F- Seatz — Knoxville 

W. M. Shaw Knoxville 

V. L. Sheldon Oak Ridge 

D. M. Simpson --.Knoxville 

L. N. Skold -—--Knoxville 

M, F. Spaulding .--Nashville 

A. J. Sterges ----Knoxville 

G. L. Terman , — -Knoxville 

R. H. Webster - .-Buffalo Valley 

M. E. Weeks -Knoxville 

S. H. Winterberg - -Knoxville 

E. Winters'*' -Knoxville 


E. Adams’*' College Station 

M. Atkins -----College Station 

. Ayers _______ — -Lubbock 

. P. Bates Temple 

^ M. Beachell — ---Beaumont 

. S. Bird — —— — — —— -—Bryan 

[. E. Bloodworth ---Weslaco 

, E. Brooks Iowa Park 

, Burnett -Spur 

. G. Caldwell -------College Station 

W. Clark Houston 

. W. Clift -—— — ..-.—-.-.-Hawkins 

. G. Coffey — ----College Station 

7, B. Coke --—College Station 

W: Collier -_-_-_--_TempIe 

, D. Cook ---Temple 

7, R. Cowley -Weslaco 

. W. Grain - Houston 

. E. Daniell -——-Harlingen 

E. Davidson -College Station 

H. Davis —--- — -Renner 

>. L Dudley Denton 

7, R. Elder Temple 

. H. Engle --Dallas 

[. H. Ferguson College Station 

^ D. Foth College Station 

F. Fudge College Station 

f. C. Futrell College Station 

. O. Gangstad Renner 

H. Gardenhire Denton 

. L. Godfrey College Station 

, Gray - Wichita Falls 

, M. Gregg San Marcas 

. J. Gundy Renner 

[.*H. Hadley College Station 


M. H, Halstead -College Station 

C. Harvey --Lubbock 

R. F. Holland .__„-_-_-„Lubbock 

E. G. Holt College Station 

D. O. Howe - --Renner 

C. C, Jaynes --Lubbock 

P. R. Johnson — —— —Tyler 

J. R. Johnston - Amarillo 

D. L. Jones - Lubbock 

B. T. Juvenal Vernon 

R. E. Karper’*' Lubbock 

M. L. Kin man .College Station 

A. Klemme San Antonio 

N. W. Kramer — — — Lubbock 

G. W. Kunze — — ; ——College 

G. W. Kunze College Station 

M. L. Lanier ^ —Hawkins 

W. D. Laws - Renner 

E. R. Lemon College Station 

R. D. Lewis'*' .-College Station 

H. D. Loden Plainview 

T. C. Longnecl^er — ^Renner 

W. H. Longstiiftb Jr. —Renner 

C. L. Lundell --Renner 

P. J. Lyerly — Ysleta 

C. Lyman -College Station 

R. M. Marshall -Temple 

D. L. Mayeaux — Wharton 

J. H. McDonald __Navasota 

E. S. McFadden**' College Station 

W. C. Moldenhauer Big Spring 

M. J. Norris, Jr. _ — —-McGregor 

H. Oakes - — - ^--College Station 

H. G. Oliver .Pecos 

J, B. Page — — -College Station 

R. E. Patterson — -College Station 

W. L. Polzer - - — — -College Station 

D. D. Poole — .College Station 

K. B. Porter — -Amarillo 

R. C. Potts - College Station 

J. R. Quinby*' Chillicothe 

H. £. Rea - — -College Station 

E. B. Reynolds - — College Station 

P. A. Rich ^---——-Denton 

T. R, Richmond — . — . — College Station 

J. S. Rogers College Station 

CL B. Schulz — . — — — ------McAllen 

R. L. Schwartz ; — Abilene 

K. Seymour __ --Freeport 

B. L. Sims — ————Weslaco 

J. C. Smith -—Angleton 

J. A. Smith — — Dallas 

b. E. Smith — Prairie View 

R, M. Smith — —Temple 

J. C. Stephens -_ — ----Chillicothe 
M. K. Thornton -College Station 

R. M. Tripp — .--—--Dallas 

W. O. Trogdon -Houston 

I. P. Trotter’*' — College Station 

D. L. Van Horn -—Plainview 

J. L. Wall --Corpus Christi 

D. E. Weibel — — - —Denton 

R. M. Weihing Beaumont 

C. L. Wiegand — ^-Gollege Station 

A. F. Wiese _ — — — — Amarillo 

A. W. Young — — Lubbock 


W. H. Bennett Logan 

J. W. Biggar Logan 

J. W. Carlson Logan 

P. D, Christensen Logan 

B. H. Crandall Logan 

M. J. Hallam Provo 

F. S, Harris^' : Salt Lake City 

T. B, Hutchings Salt Lake City 

J. J, Jurinak Logan 


Fellow, American Society of Agronomy. 


346 


AGRONOMY JOURNAL 


liiii 


A, H. Kadhim- ___„^„„__L(>gan 

L. .:T; Kadry .„„Logan 

S. J. Kittermari -^.. 

W. L. Latshaw - ^ - „Salt Lake City 

C. W, LauritzenU— __Lc\£;im 

T. L. Martin*^ Provo 

D. R. McAllister - Logan 

W. J. McGinnies _„__-„_Ephraim 

J. W. Metcalf Logan 

D. D. Neher -Logan 

M. W. Pedersen -Logan 

C, Peter — .Salt Lake City 

H. B. Peterson ^Logan 

D. W. Pittman — -———---Logan 

A. P. Plummer —Ephraim 

V . Savitsky _ — - : Salt Lake City 

F. T. Scaliey --Garland 

C. M. Seeley _ — — -„_-Dug\vay 

S. A. Taylor — -Logan 

D. W. Thorne*'"* — - Logan 

J. P. Thorne — --„„Logan 

B. Tolman -—-Salt Lake City 

G. A. Van Epps - Ephraim 

R. H. Walker— -——Logan 

R . W. W ood ward — - _ ^ - - Logan 

VERMONT 

A. R. Mkigley*^' — — — ^-—Burlington 

W. A. Way ----- — — Burlington 

G. M. Wood -_Burlingt{>n 

VIRGINJA 

M. W. Alexander -Holland 

R, E. Blaser**’' ——————— -Blacksburg 

W. H. Bfittingham --—-Norfolk 

H, Bryant — — ---- - Middleburg 

B. S. Ghronister - — - - - - — —Hopewell 

G. F. Colwell The Plains 

U H, Culpepper —————Norfolk 

H. L. Diinton --Blacksburg 

N. F. Farris —,__—„Arlingtofi 

C F. Center —Blacksburg 

D. L. Hallock —-—Holland 

G. A. Jackson — ----Richmond 

M. M. Keinv — — —--—-Richmond 

B . F. Ki 1 tz - — — — - — A r 1 ington 
M. S. Kipps — .---Blacksburg 

R. O. Lewis : — Falls Church 

S. S. OlK'-nshain* ----— ------Black 

A. Lv Patrick*!' ----------------Ariirigton 

J. p. Pendleton --------------Blacksburg 

C. I . Rich — - „ ----- — - - - - - — BI acksburg 


G. H. Robinson 

J. G. Sanderson 

G. M. Shear 

W. H. Skrdla — 

T. J. Smith 

R. K. Stivers 

T M. Starling 

J, W. Thayer, Jr, 

S. F, Thornton 


Blacksburg 

. — - - ^ - R idimond 

Blacksburg 

- — Warwick 

--Blacksburg 

Blacksburg 

Blacksburg 

Ellerson 

Norfolk 


W. L, Turner, Jr. Blacksburg 

W. C White - -—Amelia 

G. V. Wilson — Staunton 

T. K. Wolfe Richmond 

W. T. Wright Norfolk 

V. H. Young, Jr. Richmond 

WASHINGTON 

H. B. Amende - Quincy 

H, M, Austenson Puyallup 

R. C Austin Camas 

J, V. Baird Pullman 

N, Benson Wenatchee 

B. R. Bertramson ---Pullman 

L, C. Boawn . — Prosser 

■ Fellow, American Society of Agronomy. 


I. Carl. son — -—Spokane 

J. L. Chapman - — — Dishmao 

O. L. Cope! and, Jr, — : - - — - - _ -Spokane 
J. C. Craddock — ———Pullman 

R Dermanis --—-—-Puyallup 

A. L Dow --Prosser 

F. C. Elliott — — —Pullman 

F. A1‘. Entenmann — Colfax 

E. H . Everson — Pull man 

F. F. Forristall - Seattle 

W. H. Gardner — ——Pullman 

S. P. Gessel — --—Seattle 

R. H. Griffin — — -Vancouver 

G. M, Horner Pullman 

J, C. Hsieh Pullman 

S. H. Krashevski Pullman 

A. G. Law --Pullman 

A. L. Leaf --Wenatchee 

W. G. Marshall - —Walla Walla 

J. R. McHenry ——Richland 

*C. D, Moodie -------- .--Pullman 

K. J. Morrison Pullman 

W. P, Mortensen Puyallup 

M. Naga mitsa - - ^ - - - - - - - — - - - _ Li nvl 

C. E. Nelson - Pro.s.ser 

L. G. Nelson — — ^ ^---Puyallup 

W.' Nelson - — -.-Lind 

A. O. Ness — - -—-—-Pullman 

R. A. Nilan — ----Pullman 

J. K. Patterson - --------..-Pullman 

D. V. Peabody --Mount Vernon 

L. W. Rasmussen — --Pullman 

H. M. Reisenauer --—-----.^ — -Pullman 

D. W, Rhodes— -——— — — -Richland 

J. S. Robins — Prosser 

E. G. Schafer^ -------Pullman 

R. A. Schink — -----ALnint Vernon 

F. E. Schlots -Seattle 

J. L, Schwendiman — — ----Pullman 

"a. A. Selders -Richland 

H. W. Smith —————Pullman 

R. H. Stark --- — — — -Moses Lake 

E. C. Steinbrenner _ - . — Centrail 

S. P. Swenson —Pullman 

R. W. Van Keuren - Prosser 

O. A. Vogel'!' ™_™ — -----Pullman 

F, Wetter — --Ritzville 

L. C. Wheeting -Mabton 

F. Wirth : — —..----Olympia 

WEST VIRGINIA 


A. H. Andenson 

N. M. Baughman - - 

O. b Burger 

W.’W. Cosby — — 

D. R. Dodd'!' 

L. E. Espy 

H. W. Fairchild — 
R. L Friant 

F. Glover, Jr. . 
W. L. Haltiwadger 

G. G. Pohlman* 

D. A. Ray 

K. L. Smith 

G. Veatch - 

H, A. Wilson — 


— G len vi I le ■ 
--------- Rlorganto wn 

Morgantown 

White Sulphur Springs 

Hedges ville 

Hamlin 

Morgantown 

— - — Morgantown 

Morgantown 

Morgantown 

— Morgantown 

Morgantown 

South Charleston 

— ^Morgantown 

Morgantown 


WISCONSIN 

H. L, Ahlgren*^ Madison 

A, R. Albert Madison 

O. N. Allen Madison 

R. H, Andrew Madison 

D. C. Arny Madison 

O. J. Attoe — — Madison 

L L, Baldwin Madison 

B, A. Barnes Milwaukee 


■ . M." Beatty ------ ... - - - 

K. C. Berger 

G. M. Briggs ------ 

R. A. Brink— - 

H. G. Binder 

K. P. Buchholto ------ 

F. V. Burcalow'!' 

J. C. Burton -- — ---- 
R. J. Camp -- — . — — - 

C. L Chapman 

G. H. Clark — 

W. L. Colville — — - 

R. B. Co rev 

R. L. Curley - 

R. E. Davenport . 

C B. Davey— —— — 
G‘. C. Davis , 

L. E. De Mumbrum, Jr. 

\X'. DeYoung - 

LG. Dickson 

■P. C. Ekern 

D. E. El rick - — 

L, E. Engelbert 

E. H. Evenson 

D. A. Fink — 

D. D. Forsyth 

L. F. Gruber*!' - — - — 

■D. B. Gregg 

M. R. Haag - — 

D. J. Hagedorn — — - 
O. E, Hays . — 

L F. Hodgson 

. E. D. Llolden — — — 

F. D. HoleU- — - 

W. E. Holmes;. — — 

A. L. Hooker 

H. H, Hull 

M. L. Jackson - - - - - - 

F. ,R. lones ---------- 

. C. ,N.’Karr — — — — 

A. Kaufman — - 

K. M. King— — — 

.S. M. King - ----- 

D. C. Lau - — — — 

G. B. Lee 

R. Loiselle — 

G. A.’ Marx 

M. A. Massengale 

L T. Medler — 

X P.,MennT— — 

L. G. Monthey: 

R. |. Muckenliirn'!' 

N/R Neal- 

„ A.^ Nevala 

H. L. Nielsen 

0. J. Noer 

D. G. Oberts - 

H. Otterson - 

1. P. PaB.kill 

J. H. Parker*!' 

R. L. Pavlak 

K. J. Peters 

A. E. Peterson 

D, Peter.son 

O. C Ruelke - — — 

XXL Schmehl — — 

T. H. Schultz 

H. L, Shands 

R. G. Shands*!' 

D. Smith 

D, C. Smith'!' 

W. K. Smith 

G. L. Spain - 

J. H. Stoeckeler 

A. M. Strommen 

■J. M. Sund - 

C. B. 'Fanner 

R. E. Taylor — — 


------Madison 

- -Madison 

- - — .Madison 
. — --Madison 
— --Milwaukee 

-Madison 

- — .--Madison 
----Milwaukee 

— Racine 
-----Madison 
-Madison 

Madison 

— : — .-Madison 

- — -Milwaukee 
-Fort Atkinson 

— -Madison 
— — ^--Madison 

--Madison 

^ — Madison 

-Madison 

- — Madison 

-Madison 

----- -Madison 

Blue Mounds 
— ---..Madison 

.--Madison 

-Madison 

Madison 
----Marshiield 
— ---Madison 
.----La Crosse ■ 

Madison 

---Madison 
-...---..Madison 
---Madison : 

Madison 

-----..Madison 

------Madison 

------Madison 

Milwaukee 

- - Madison 

- - Madison 

- .Madison 

-Cl yman 

Madison 

- - .- Madison 

------Madison 

------.Madison 

------Madison 

...----Hillsboro 

— — Madison 
----....Madison 

-Madison 

Prescott 

Madison 

----MiKs^aukee 

Bea\er Dam 

--Kenosha 

NX'alworth 

----Milwaukee 

------Madison 

Madison 

- Madison 

Madison 

Madison 

Madison 

--Fond du Lac 

Madison 

Madison 

Madison 

- Madison 

-Madison 

Madison 

^-Rhinelander 

Spooner 

Madison 

.Madison 

.. . La Crosse 




MEMBERSHIP LIST, 19^5 




G. H- Tenpas ... Ashland 

h H. Torrie — — -Madison 

E. Truog’*- - — -.^-—Madison ' 

E. A. XX'al^enbadl - — — --Oakheld 
P. Wallendal ....^ — Madison 

L. C. Wung Milwaukee 

W. F. Wedin ---Madison 

S. A- Wilde -Madison. 

A. H. Wright -Aiadison 

M. J- Wright Madison 

• WYOMING • . 

D. W. Bohmont -—Laramie 

C E. Comiany — Sheridan 

T. J . Dunnewald — — — - : Laramie 

R. D. Lewis Laramie 

J. L. Meilor — —Laramie 

W. M. Miller --Laramie 

W. P. Peters — — Riverton 

R. P. Pfeifer Laramie 

W. A. Riedl - — — ^ — Laramie 

G. M. Rincker Laramie 

W. F. Spencer -—.----Laramie 

F. L. Yimmoos - -Laramie 

G . O . ' or)d u’ a rd - - „ - La r a m i e 

. ALASKA 

R. J. Bula ---------Palmer 

H. h Flodgson — ^Palmer 

W.‘ M. Laughlin ...—-Palmer 

S. Rieger - - - - — - - - -Palmer 

R. L. lYylor --:.d’alme 


CANAL. ZONE: 


B. J. Birdsail 


-Balboa 


HAW’Air 

W, W. Aldrich Lanai City, Lanai 

A. S, Ayres —---Honolulu 

L, D, Baver^' Honolulu 

R. B, Campbell Honolulu 

R, L. Cushing - Honolulu 

G. Y. Ewart Kekaha, Kauai 

C. A. Farden Honolulu 

Z. C, Foster Honolulu 

G. Fujimoto - Honolulu 

E, T. Fukunaga --------Kealakekua 

H. L. Guenther Honolulu 

R. P. Humbert Flunolulu 

Y. Kanehiro Honolulu 

K. F. Manke — Wahiawa 

W. W. G. Moir Hom)lulu 

J. C. Ripperton -.--Honolulu 

W. G. Sanford - - --Honolulu 

G. D. Sherman Honolulu 

D. H. Smith ^-HonoIulu 

E. H. Thomas Honolulu 

L. S. Wortman, Jr. Honolulu 

O. R. Younge -Honolulu 

O. Zoebisch ----- Honolulu 

PUERTO RICO 

G. Acevedo Mayaguez 

J. A. Bonnet=^ Rio Kedras 

E. J. Brenes San Juan 

J. Colom-Aviles - Mayaguez 

G. L. Fuller San Juan 

M. A. LugO'Lopez Rio Piedras 

AFGHANISTAN 

J. R. Fox - Kabul 

AFRICA 

J. Culot Yangambio, Belgian Congo 

R. D, Hauck - Harbel, Liberia 


^ Fellow, American Society of Agronomy. 


L Neas- — — -Salisbury, Southern Rhodesia 

F. A. Stinson-Salisbury, Southern Rhodesia 

BELGIUM 

M. Marcoiif -Bruxelles 

BRAZIL 

J. E. G. Araujo— Pelotas 

A. Arena — Rio de Janeiro 

J. S. Csiky — -——.———Sac) Paulo 
A. Groszmann ————Rio de Janeiro 

A. de Laet — --„--Sao Paulo 

D. A. b. Santos Vitoria 

A. R. da Silva — — „ — ——— --Pelotas 

BRITISH WEST INDIES 
W. K. Aghble — -Trinidad 

CANADA 

Alberta 

C. F. Bentley Edmonton 

K. Lesins - — ; Edmonton 

G. C Russell — — -Lethbridge 

W. Smith - — . — - - - - Taber 

British Columbia 

L. Fanstad - — - ^----Vancouver 

A. J. Green — ^--Vancouver 

D. G. Laird— ------ — —— -Vancouver 

G* G, Moe - — — -—-Vancouver 

F. H. Peto --Vancouver 

J. C. Wilcox - — — — -Sumraerland 

J. M. Winram —————— Vancouver 

Manitoba 

A. B. Campbeli — .-Winnipeg 

J. H. Ellis - — — -—Ft Garry 

F, J. Greaney Winnipeg 

T. J, Harrison Winnipeg 

R. A. Hedlin - ^-Winnipeg 

D. M. McLean ------- Winnipeg 

R. F. Peter.son Winnipeg 

E. D. Putt Morden 

L Samara wi ra - _ - Winnipeg 

Nova Scotia 

D. B. Cann Truro 

D. C MacKay Kentville 

R. R. McIntyre : Amherst 

J. E. Shuh Truro 

G, R. Smith Truro 

Ontario 

P. L. Aird Hawkesbury 

J. M. Appleton Wallaceburg 

J. A. Archibald - -Vineland Station 

H, J. Atkinson Ottawa 

S. J. Bourget Ottawa 

L. ]'. Chapman Toronto 

F. E. Chase Guelph 

R. Cock Windsor 

G. S. Cooper Port Credit 

E. J. Evans : Deep River 

P. R. Gorham Ottawa 

C. H. Goulden Otta\va 

R. L. Halstead Ottawa 

T. J. Heeg Guelph 

G. A, Hills Maple 

A, Leahey Ottawa 

J. H. Osborn New' Toronto 

R. P, Pennington Hamilton 

N. R. Richards — —Guelph 

P. O. Ripley Ottawa 


, ' 347 

J. W. Rouatt — ——Ottawa 

G. N. Ruhnke -Guelph 

P. C. Stobbe Ottawa 

L. R. Webber — _-_GueIph 

Quebec 

R. Barii- — Ste. Anne de la Pocatiere 

R. 1. Braw’n Macdonald College 

W. A. DeLong Macdonald College 

J. L. Dionne — _ — LennoxviUe 

H, R. Klinck — . — -—Macdonald College 
J, R. Pelletier — Ste. Anne de la Pocatiere 
A. Scott „ — ----Ste. Anne de la Pocatiere 

P. H. Vezina - — — .La Trappe 

R. H. Wallace ———Macdonald College 

C. M, Yates — ^-St. Anne de Bellevue 

Saskatchewan 

J. L. Bolton Saskatoon 

J, B. Harrington'^' - — -Saskatoon 

W. H. Horner — —Regina 

D. R. Knott -Saskatoon 

R. P. Knowdes -Saskatoon 

E. F. Maas — - — Weldon 

J. MitchelF^' — Saskatoon 

D. A, Rennie — -Saskatoon 


CHILE 


C. Diaz-Vial 
J. A. Rupert . 


- ^-Santiago 

— --Santiago 


COLUMBIA 


G. B. Baird — 


L. V. Grow'der — — . 


F. D. Freeland, Jr. 

- Medellin 

r. W. Gibter 


il. y. Grant — - — 

- ... Medeflio 

H. W. Hough - - - 

— Palmira 

L. M. Roberts _ 

- Bogota 

L. A. Rojas-Cruz 

--.Bogota 

H. Uribe 

__ -Manizales 

COSTA 

RICA 

F. Calderon G. 


M. G. Gutierrez 

_ _ ------Turrialba 

J. R. Hunter 

- - -San Jose 

G. .B. Killinger 

— San Jose 

R. A. McCreery - 

_ ..--Turrialba 

CUBA 

C. E. Beauchamp — 


1. D. Clement — --- , 

Cienfuegos 

A. L. Fors — 

----Las Villas 

F. A. Iznaga _ _ 

. - ^^Havana 

T. M, Juantorena 

Matanzas 

A. Ros 

- Havana 

J. R. de la Torre , 



DOMINICAN REPUBLIC 

V. M. Alexandrino San Pedro Macofis 

J. W". Anderson San Pedro Macoris 

J. D. Aughtry San Pedro Macoris 

J. Lunin Barahona 

H. D. Lynn Ciudad Trujilio 

DUTCH GUIANA 

P. K. J. van der Voorde Paramaribo 

ECUADOR 

J. Pena H. - — Quito 

R. T, Smith ^ — - — Guayaquil 









;;^n’.c',y;^;;j. ■ ':f.v.;/:'r:...;.ri.. > ..i. . ... . ± i 


agronomy JOirRNAL 


EGYPT 

E. M. Kroth — Assiut 

A. A. OmarT„_^_„~— — --Cairo 

EL SALVADOR 

G. Montenegro G. ^ _ Santa lecla 

ENGLAND 

F. A. Buttress Cambridge 

H. T, Pledge : -London 

A. W. Taylor — -Harpenden 

FRANCE 

P. Danel — — -—--Grenoble 

G. Drouineau -Antibes 

G. C. Redlicli - — „ — -Gargenville 

GERMANY 

G. Fischbeck — —- — Freising 

H. Frese - -Braunschweig 

GREECE 

B. G. Christidis — — . - - - - Sindos 

G. Koumbarakis ^ — Athcais 

G. A. Mourkides — - — ^___--Thessalonike 
B. Mous-souros — — - — .--Athens 

GUATEMALA 

R. D. Romeu --Guatemala 

HOLLAND 

P, Bruin ---Groningen 

J. J. Lehr Wageningea 

HONDURAS 

G. R. Bauwin — -- — — La Lima 

A. F. Butler _ — :--La Lima 

P. F. Tirado-Sulsona — ---Tegucipalpa 


N. G. Gokhale — ————— —----Assam 

H. S. Mann — ; — -Simla 

C. L, Mehrotra ------- — — Kanpur 

D. K. Misra — — Lucknow 

B. Vv Ninibkar ---Bombay 


B. Sen — - ---Aimora 

B. N. Singh —---Lucknow 


NOR^’AY 


INDONESIA 


VXL J. Russel! — 


-East Coast Sumatra 


M. C. Amirshahi — Tehran 

M. L. Dewan Tehran 


A. J. Al-Bakir — Baghdad 

ISRAEL 

1. Rubin ^„__Reho\ot 


C. Guarneri Brescia 

JAPAN 

A. Fu i i wara - _ - Sendai 

K. Kawaguchi — : -Kyoto 

S. Morita Kyoto 

A. Moriya - --Utsiinomiya 

S. Nishigaki - - Tokyo 

S. Nishimura --._Kagawa-Ken 

KOREA 

Y . ' C . Chang ------- — ----- -■ — Su'won 


LEBANON 


H. b Ferris 


-Beirut 


MEXICO 


R. H. Buller — -—Mexico, D. F. 

D. K. Cox —— Mexico, D. F. 

R. J. Laird ——Mexico, D. E 

R. D. Osier - Mexico, D. F. 

R. D, Ross, Jr. — ---Torreon, Coah 

N. Sanche 2 .Mexico, D. F. 

E. Shaw : --Caborca, Sonora 

D. L. Smith Mexico, D. F. 

£. L Wellhausen Mexico, D. F, 


NICARAGUA 


O. Nissen 


PAKISTAN 


A. H. Khan - — 
\X’. Mohammad ~ 


--^Vollebek 


---Lyallpur 

--.-Lyaiipiir 


A. Cerrate Lima 

R. Cummings- ^Lima 

A. A. Ferrer Lima 

A . G robinan — „ „ - — Lima 

B. Rios B. .--.Lima 

J. A. Rivero Lima 

G. N. Stroinan Lima 

C. Vidalon G. Lima 

PHILIPPINE ISLANDS 

J. L. Edge - — Iliolo City 

1. A, Romero — Laguna 

D. L. Umali -—-Laguna 

L G, Valencia Manila 


,SCO'Tr.,AND 


A. M, Smith 


J. M. Albareda 


SXK'EDEN 


J. RasirjiLS.son 


THAILAND 


G. K. Middleton --- 
E, V. Staker 


J. Maruli 


URUGUAY 


: VENEZUELA 


-Edinburgh 


- Landskrona 


— -Bangkok 
. — -Bangkok 


-Montevideo 


S. C. Litzenberger 


— — - Managua 


P. L. S. Guillen --Sucre 

L. J. Medina „_-Maracay 

H. .Newton Maracay 

. M . M'. Str i ke r ’ - - - - - ----- ... Cai racas 


ASSOCIATE MEMBERS 


L L. Alrichs -Ames, Iowa 

b. T. Aho Bismark, N. D. 

M. Ali — -----College Station, Tex. 

L. G. Allbaugh -Knoxville, Tenn. 

H. P. Anderson -—Mountain View, Calif. 

L. L. Anderson - — - — Fargo, N, D. 

A. G. Arny* St, Paul, Minn. 

M. D. Atkins Manhattan, Kans, 

N. A. Bailey St. Catherine, Mo. 

G. L. Barger - Ames, Iowa 

C. T. Barnes -Salt Lake City, LJtah 

F. L. Barnett University Park, Pa, 

R. M. Basile Columbus, Ohio 

R. H. Bastian Hinckley, III. 

G. A. Beach —Fort Collins, Colo. 

A. B. Beaumont* Amherst, Mass. 

K. E. Beeson West Lafayette, Ind, 

H. Benford ^Birmingham, Ala. 


F. J. Bergeaux -------- -East Point Ga. 

G. H. Berggren University Park, Pa. 

D, R. Bianca -Des Moines, Iowa 

J, H. Bigger Urbana, III. 

C. Borgeson ... --St, Paul, Minn. 

T, F. Bridgers -———Wilson, N, C, 

J. F, Brooks ——-Carrollton, Ga. 

R. J. Browm -Ogden, Utah 

W. H. Buckhannan Gainesville. Fla. 

T. S. Buie Columbia, S. C. 

H. D. Bunch State College, Miss. 

J. W. Burdette Spartanburg, S. C. 

W. W. Burr* Lincoln, Nebr. 

P. C Butler Raleigh, N. C. 

R. E. Caldwell Gainesville, Fla. 

D. Cantw^ell Kansas City, Mo. 

N. P, Caples — -Gaine.sville, Ga. 

P. V. Cardan* Washington, D. C. 


Cardo.so 
. K. Carmichael 
N. Carpenter , 
. L, Cass ----- 

E. Chapman - 
. W. Chisholm 

. ChcNuette - 

. Chou 

. E. Clapp 

. H, Clayton 
A, Cleavinger 
. S. Coleman 

F. Conrey 

. S. Curry 


■- - - Ames, Iowa 

- - - - - - Independence, Mo. 

. -—-Orono, Maine 

------ -Green Bay, Wis. 

— - - Miamisburg, Ohio 

^---Jackson, Miss. 

Montreal, Quebec, Canada 

Raleigh, N. C. 

Ames, Iowa 

Mapleton. Ohio 

-Manhattan, Kans. 

Amissville. Va. 

Yuma. Ariz, 

— State College, N, Mex. 


J. D. Davis, Jr - Albany, Ga, 

J. O. Dean Riverside, Calif. 

C- Dienhart Kentlund, Ind. 

D. D. Dolson ^Torontti, Ontario, Canada 


■ Fellow, American Society of Agronomy. 




MEMBERSHIP LIST, 1955 




I 


P. Dougherty- --«.». San Luis Obispo. Calif. 

B, N. Driskell Baton Rouge, La. 

J. C. Dunn — ^ -Nashville, Tenn. 

E. H. Dunton. Jr. Norfolk, Va. 

J. H. Eakin, Jr. _.,„---ljniversity Park, Pa. 

P. Eck AmhersL Mass. 

S. N. Edson --Gainesville, Fla. 

R. Emig Portsmouth, Va. 

G. P. Engle.stad --Warren, Minn. 

A. B. Erhart — Garden City, Kans. 

£. T. Evans ..Decatur, III. 

F. A. Fiiios - — — Amherst, Mass. 

H. H. Finnell : Goodwell, Okla. 

C. E. Fisher — ^ Spur, Tex. 

J. S, Folkner -Tucson, Ariz. 

C. J. Fox Torrington, Wyo. 

J. Fulton Harrow, Ontario, Canada 

S. L. Galpin Morgantown, W. Va. 

M. D. Gamble Oklahoma City, Okla. 

W. Gardner Sac City, Iowa 

W. W. Garner Washington, D. G. 

H. Gerrie-Saskatoon, Saskatchewan, Canada 

W. S. Gillam - Washington, D. C. 

R. E. Gish ---..Champaign, III. 

G. D. Green - State College, Miss. 

V. E. Green, Jr. Belle Glade, Fla. 

O. Grieshaber ---Tucson, Ariz. 

C. F. Gross Kingston, R. L 

H. Gunthardt — - - Hoboken, N . J . 

J. L. Haddock --Logan, Utah 

M, HalC; -----------------Burdette, Ark. 

A. Hanson --------- -Jacksboro, Tex. 

E. Harrington -------- — -Carversville, Pa. 

R. S. Harris — — St, Paul, Minn. 

L. L. Harrold — Coshocton, Ohio 

E. A. Hartman ---Lincoln, Nebr. 

J. F. Haseman -West Chester, Pa. 

M. R. Heddleson Columbus, Ohio 

F. E. Heft Columbus, Ohio 

F. J. Hills —— ——— Davis, Calif. 
E. B. Holingsworth- State College, Miss. 

H. Ikawa ----- Hilo, Hawaii 

H. D. Jacquot Hooper, Wash. 

M. James - - McCook, Nebr. 

R. James Madison, W'is. 

O. F. Jensen ----Maple City, Mich. 

R. E. Johnson .Richmond, Va. 

E. R. Jones .Waterbury, Conn. 

J. H. Jones Columbus, Ohio 

M. B. Jones Columbu.s, Ohio 

J. K. Justice - Abilene, 'Fex, 

K. A. Keith Kansas City, Mo. 

J. W. Ketcheson CTuelph, Ontario, Canada 

E, L. King Winterset, Iowa 

K. K. Kittie.son Decorah, Iowa 

J. Kittrick - Milwaukee, Wis. 

L. L. Knudsen Petaluma, Calif. 

R, D. Krietemeyer Delphos, Ohio 

K. J. Kucinski -Amherst, Mass, 

M. P. Lacy Blacksburg, Va. 

J. V, Lagerwerff Ithaca, N, Y. 

R. J, Laible Bloomington, III. 

J. W. Lawrence Elyria. Ohio 

O. C. Leetun New York, N. Y. 

R, V. Leighty Mayfield, Ky. 

A. J. Lejeune Milwaukee, Wis. 


C. D. Leonard -——Lake Alfred, Fla. 

L. B. Leonard — — -Lexington, Ky. 

D. G. Lerch, Jr. — „ — Washington, D. C. 

V. G. Link — — Decatur, III. 

E. A. Lods 

-Macdonald College, Quebec, Canada 

H. W. Lucks Columbus, Ohio 

J, A. Lutz, Jr. — Blacksburg, Va. 


Fellow, American Society of Agronomy. 


349 


D. Mackenzie — Ingersoll, Ontario, Canada 

K. Magnusson — Innisfail, Alberta, Canada 

M. Z. Mahdi Giza, Egypt 

D. £. Manes Roll, Ariz. 

T. Mascaro— — West Point, Pa. 

T, Massee— — --Mt. Angel, Ore. 

O. A. Matkin Orange, Calif. 

E. M. Matthews Chatham, Va. 

G. R. Mathews Blacksburg, Va. 

J. K. McGuire Boston 

M. J. McNeilly -Shenandoah, Iowa 

E. McNew — Lebanon, Ind. 

H. R, Meldrum — - Ames, Icnva 

N. C. Merwlne — -State College, Miss. 

M. T. Meyers -—Hillsboro, Ohio 

W. F. Mierke — — Kirkwood, Mo. 

E. E. Miller Madi.son, Wis. 

O. C. Miller Columbus, Ohio 

B. Mitchelson ---Minneapolis, Minn, 

C. E. Moiineux — Cambridge, Mass. 

R. H. Moll Raleigh, N. C 

J. W. Moon^^ Powell, Tenn. 

L. J. Munzenmaier, Jr.-San Francisco, Calif. 

H. J. Murphy ; ^_Orono, Maine 

A. A. Myers ^ -Jackson, Miss, 

F. S. Nakayama Ames, Iowa 

G. Nearing -Canton, N, Y. 

J. L. Newcomer —--—College Park, Md. 

F. Newhall College Park, Md. 

R. O. Norman .---New Uim, Minn. 

R. E. Ogle Wilmington, Dela. 

V. H. Oiney — --—-—-Fresno, Calif. 

J. B. Overton - Jackson, Tenn. 

R. H. Painter .Manhattan, Kans. 

J. E. Pa.schke Kankakee, II L 

*M. O. Pence Lafayette, Ind, 

E. C. Pifer ----- -University Park, Pa. 

J. K. Plummer College Park, Ga. 

J. E. Pollock Augusta, Ga. 

H. Popenoe Gainesville, Fla. 

D. D. Porter Greenville, Tex. 

R. E. Powell .St. Louis, Mo. 

W. J. Powers Mintola, N. J. 

A. L. Prince New Brunswick, N. J. 

E. H. Prue.ss Chicago, 111. 

J. Pnindeanu Ithaca, N. Y. 

H. O. Putnam Minneapolis, Minn. 

O. £. Reece Cedar Falls, Iowa 

E. E. Remmenga Lafayette, Ind. 

P. C. Reynolds Middleburg, Va. 

R. S. Re}Wds Lexington, Ky. 

J. C Rinehart Chicago, III. 

P. J. Rood East Lansing, Mich. 

M. ' Rosenberg Pittsburgh, Pa. 

C. A. Rowles 

---Vancouver, British Columbia, Canada 

H. R. Rubendall Freeport, 111. 

C. R. Rus.seli Peoria, III. 

A. V. Sarquis Fresno, Calif. 


J. M. Saunders Washington, D. C. 

C. J. SchoUenberger ----Wooster, Ohio 

W. H. Scholtes - Ames, Iowa 

D. J. Schrickel -- — -Sioux City, Iowa 

G. Schumacher Culbertson, Mont. 

G. O. Schwab Ames, Iowa 

J. R, Scott — - — : Columbus, Ohio 

G. W. Shafer — Morgantown, WC Va. 

R. H. Shaw -—Ames, Iowa 

J. F, Shoulders Biack.sburg, Va. 

W. E. Sieveking Ithaca, N. Y. 

C. V. Simpson __Waterville, Minn. 

L. J, Skiles -Astoria, III. 

D, R. Smith - Dallas, Tex. 

M. C. Sparr, Jr. Follett, Tex. 

B. R. Spears -College Station, Tex. 

A, W. Specht ! Brookeville, Md. 

D. O. Spinks — Gainesville, Fla. 

L. N. Spohnheimer : -Donnellson, Iowa 

A. P. Sprague - - .—-Salem, Ore. 

E. C. Spurrier - Urbana, III. 

S. V. Stacey Experiment, Ga, 

R. H. Stansel Alvin, Tex. 

H. M. Steece — ^VCTishington, D. C. 

W. D. Stegner — Madison, Wi.s. 

C. G. Stewart Fairheld, Ala. 

I. Stewart Lake Alfred, Fla. 

J. J. Stiiweii, Jr. -Eikton, Md. 

L. S. Stith ^-Ysieta, Tex. 

B. J. Stojanovic -Ithaca, N. Y. 

H. M. Stott Greenville, N. C. 

W. Stiilts Vinton, Iowa 

E. M. Summers —Preston, Cuba 

A. F. Svoboda ------ ----Schuyler, Nebr. 

J. C. Swinbank _____Lincoln, Nebr. 

R. W. Teater - Columbus, Ohio 

D. Telfair Richmond, Ind. 

T. E. Topp Syracuse, N. Y. 

H. W. Trask -————Portland, Maine 

G. Uehara - Honolulu, Hawaii 

E. W. Ukkelbergg —-Kansas City, Mo. 

E. Van Alstine - Ithaca, N. Y. 

E. Vander Meulen -Berkeley, Calif. 

W. A. Van Eck - - East Lansing, Mich. 

L. G. V ickers —Metairie, La. 

H, A. Vollbrecht Madison, Wis. 

K. E. Wade Puyallup, Wash. 

R. L. Wagner --Hartington, Nebr. 

V. T. Waihood Los Angeles, Calif, 

E. D. Walker Urbana, III. 

R. S. Waltz San Francisco, Calif. 

W. E, Ward --Cincinnati, Ohio 

H. W, Webb Hartsville, S. C. 

C. D. Welch Raleigh, N. C. 

A. J. Welker, Jr, Pampa, Tex. 

W. G. Westmoreland .-—Raleigh, N. G. 

J. H. Widgett Montreal, Quebec, Canada 

L. A. Wilkins Greenwood, Miss. 

D. A. Williston Washington, D. C. 

E. D. Witman ^-Pittsburgh, Pa. 

H. D. Wittmuss Lincoln, Nebr. 

A. J. Wojta -Madison, Wis. 

F. J. Woods Tampa, Fla. 

R. O. Woodward Stillwater, Okla. 

L. M. Wright Newark, Dela. 

J. L. Wursten Idaho Falls, Idaho 

J. O, York ______ ---.-Fayetteville, Ark. 

J. M. Zak Amherst, Mass. 




’ll 

11 








330 


AGRONOMY JOURN AL 




SUSTAINING: - MEMBERS 



Allied Chemical <1^ Dye Corp, 

Garst N Thonias Hybrid Corn Co. 


Nitrogen Division 

Coon Rapids, Iowa 


New York, N. Y. 



Grace Chemical Co. 


Allis- Chalmers Manufacturing Go. 

Memphis, Tenn. 


Milwaukee, Wis. 

G. L. F. Soil Building Service 


American: Agricultural Cheiiiicals Co. 

; Ithaca, N. ,y.- , 


■ New York, N. Y. ■ ■ 


American Cvanamid Co. 

Green Giant Co. 


New York, N. Y. 

Le Sueur, Minn. 


American Potash Institute 

Hawaiian Sugar Planters Assn. 


Washington, D. C. 

Experiment Station, Honolulu 

z ' ' 

American Seed Trade Association 

Illinois Farm Supply Co. 


Chicago, Illinois 

Chicago, ill 


Baugh and Sons Co. 

Indiana Farm Bureau Cooperative Assn. 


Baltimore, Md, 

Indianapolis, Ind. 


Buhner Fertilizer Co, 

International Harvester Co. 


Seymour, Ind. 

Chicago, ill 


Chilean Nitrate Educational Bureau, Inc. 

International Minerals & Chemical Coip. 

■i'SlY;:' ■' 

New York, N. Y.: 

Chicago, III 

Ificc. 

Coker's Pedigreed Seed Co. 

Kingsbury N Co. 

iil'i 

Hartsville, S. C. 

Indianapolis, Ind, 


Commercial Solvents Corp. 

Lion Oil Co. 

ci'C. '■ ■' 

New York, N. Y. 

El Dorado, Ark. 

■ 

Davison Chemical Corp, 

Mathieson Chemical Co, 

ici-CC : 

Baltimore, Md. 

Baltimore. Md, 

■■ ■■ 

Deere and Go., Grand River Chemical 

Middle We.st Soil Improvement Committee 


c ■ Division' . 

Chicago, III 

iifii'rV- 

Tulsa, Okla. 

Minnesota Farm Bureau Service Co. 




DeKalb Agricultural Association, Iric. 

Sc. Paul, Minn. 


DeKalb, III 


liilC'j' : ' ■ '■■ 

Monsanto Chemical Co. 

ifi;' -■''■l 

Dow Qiernical Co. 

St Louis. Mo. 

Midland, Mich, 

National Agricultural Limestone, Inc. 



du Pont Co., Grasselli Chemicals Dept. 

Wa.shington, D. C. 

lilSC' 

Wilmington, DeUi. 

National Fertilizer Association 


Eastern State Farmers Exchange 

Washington, DcG. 


W. SpfingEekl Mass. 


National Plant Food Institute 


Farm Bureau Cooperative Assn., Inc. 

Washington, D, C. 


Columbus, Ohio 

v'--' 

National Soybean Crop Improvement 

Funk Brothers Seed Co. 

Gouncil 

Its'M'.'c': ■ 

Bloomington, III 

Chicago, III 





Ni tragi n Co., fnc. 

Milwaukee, Wis. 

Northrup, King & Co. 

Minneapolis, Minn. 

Phil I i |xs Cherniail Co. 

Bartlesville, Okia. 

Pioneer H i-Bred Corn Co. 

Des Moines, Iowa 

Pittsburgh Coke N Clieniical Co, 
Pittsburgh, Pa. 

Potasli Company of America 
Washingtcjn, D, C. 

F, S. Royster Guani> Co. 

Norfolk, Va. 

Smith Agriculturai Chemic.d Co. 
Columbus, Ohio 

Srriith- Douglass Co,, Inc. 

Norfolk, Va. 

Southem: States ;.CtH)perati.vec Inc, 
Richmond, Va. ' 

Southwest Potasli Cairp. 

New York, N. V, 

Spencer 'Chemical Co. ■ 

Kansas City,' Mo, 

Swift & Co. 

Chicago, III 

Tennessee Corp. ■ 

Atlanta, Ga, 

‘Vexas Gulf Sulphur ('o. 

New York, N. Y. 

1 Jnited i'ruit C>o, 
la lima, lioiuluras 

Cnited States Potash Co. 

New Y ^irk, ' N . Y. 

Virginia- Caroliiia C.hemical Corp. 
Richmond, Va. 

Wisconsin Fanuco Service Cot>perative 
Madison, Wis. 


'M'J 



mm jontifti 

Issued on the 20th of Each Month 
Business and Editorial Offices at 2702 Monroe Street, 
Madison 5, Wis. 

Published monthly at Madison, Wis., by the American Society of Agronomy. 
Entered as second class matter at the postofnce at Madison, Wis. Forms 
close 30 days prior to issuance of each number. 

Subscription rates: $15.00 per year, postpaid, within the United States 
and its possessions, and Canada; single copies, $1.25. All other subscriptions 
$16.00; single copies, $1.35. Available back issues, through Vol. 46, $1.00 
per copy, $12.00 per volume; additional postage outside U. S. and Western 
Hemisphere, $0.10 per copy, .$1.00 per volume. 

New subscriptions, renewals, and new memberships which include the 
Journal begin with the January number of the current volume unless 
specific directions are received for some other beginning date at time of 
receipt of the subscription. 

Changes of address should be received by the 1st of the month in which 
they are to take effect. 

Claims for copies which fail to reach paid subscribers must be received 
by Aoronomy Journ.al within 90 days of publication date for domestic 
subscribers, and within one (1) year of publication date for foreign subscrip- 
tions. Claims for replacement copie.s presented later than the dates specified 
above will not be honored unless payment far same is made at our regular 
single copy prices. 

Subscriptions, renewals, and membership fees for the current volume and 
orders for back numbers should be sent to the Executive Secretary, L. G, 
Monthey, 2702 Monroe Street, Madison 5, Wi.s. Back volumes, beginning 
with Volume 41. are available on microfilm. Write for details. 

.^rticle.s concerned with instruction, demonstration, experimentation, or 
research in agronomy will be accepted for publication from members of the 
Society if deemed suitable by the Editorial Board. It is understood that 
articles submitted ^ for publication have not appeared previously elsewhere 
and that they will not be offered for simultaneous publication in other 
journals without the consent of the Editor of the Journal, At least one 
author of a paper must be an active member of the American Society of 
Agronomy. 

Free publication in the Journal is limited to four pages, with a charge 
of $25,00 per page for each additional page. The Journal does not assume 
financial liability for halftone engravings or zinc etchings beyond $15.00 
for each contribution. The author of any otherwise acceptable paper may 
have published immediately by paying the entire cost of publication; 

publication of such a paper does not affect the prority of any paper on 
the regular schedule. 


Profitel»*!e Farming’ 

IMITPOGEI^ SOLOTIOMS for direct 
application to soil and commercial ammoniating solutions. 

I 


MmBmaAM 
miTMMrfB OF 
SODA 


fliTitOOSPi 

FBPTiUZEit 


ORANyi^AP 

FBRTII„iZSR 


UREA 

PEL.I«ETEO 

FEilTil.i:ZER 


SUL.FRATE or 
AMMORIA 


ARHTOROUS 


NlTROGEii DIVISION 

Allied Chemical & Dye Corporation #l|pU|||lim 

New York 6, N.Y.* Hopewell, Va.« Columbia 1, S.C. 

Atlanta 3, Ga. • Ironton, Ohio • Omaha 7, Neb. 

Indianapolis 20, Ind. * San Francisco 3, Calif. 


L. G. MontheYj Edhor and Business Manager 
Donald E. GregGj Managing Editor 
I-UELLA Krenz, Circulation Director 


EDITORIAL BOARD 


1. J. Johnson, 

Associate Editor in Crops 
R. E. Blaser 

L. F. Graber 

M. T. Henderson 
M. T. Jenicins 

F. I). Keim 
H. H. Kramer 
E. H. Rinke 
W. C. Shaw 
Consulting Crops Editors 


Emil 'Frudg, 

/Icfecm/fi Editor in Soils 
O. N. Allen 
G. B. Bodman 
Richard Bradfield 
R, W. Cummings 
W. H. Pierre 

Consulting Soils Editors 
G. F. Sprague 
J. A. Rigney 

Consulting Editors in Statistics 


1955 

OFFICERS AND DIRECTORS 
AMERICAN SOCIETY OF AGRONOMY 


Officers: 

G. G. PoHLMAN, President 
I. J. Johnson, Vice President 


DrRECTORS : 

K, G. Berger 
C. A. Black 
B, A. Brown 
W. H. Daniel 
E. F. Frolik 
H. R. Haise 
P. H. Harvey 
H. A. Incus 


C. J. Willard, Past President 
L. G. Monthey, Executive Secretary 


I. J. Johnson 
G. C. Klingman 
D. F. McAlister 

J. P. Martin 
L. G, Monthey 
G. G. POHT.MAN 
J. L. Rexzer 

0. C. Rocfjis 


M. B. Russell 
Dale Smith 
G. H, Stringfield 
R. A. Struchtemeyer 
F. L. Timmons 
C. J. Willard 
E. Winters 
P. J. ZWERMAN 


ADVERTISING REPRESENTATIVES 

Western: The Powers-Hayward Company, 75 East Wacker Drive, Chicago 
1, 111. Phone CEntral 6-5142 

Eastern: The Martin-Snow Company, 140 E, 46th St.„ New York 17, N. Y. 
Phone PLaza 5-0878 


BIOLOGICAL ABSTRACTS 

Covers the World’s Biological Literature 

How do you keep posted on the current litera- 
ture in your field? Perhaps some relatively ob- 
scure journal has published an important paper 
on the very subject in which you are most inter- 
ested. Informative, concise abridgments of all the 
significant contributions will be found in Biolog- 
ical Abstracts, 

As well as the complete edition, covering all of 
the biological literature from some 3,000 journals, 
Biological Abstracts also is published in five low- 
priced sectional editions to meet the needs of in- 
dividual biologists. Section D (Plant Sciences) 
affords a very complete coverage of Agronomy 
and related fields — and it is priced at only $7.00 
a year (Foreign, $7.50). Write for full informa- 
tion and a sample copy. 

BIOLOGICAL ABSTRACTS 
University of Pennsylvania 
Philadelphia 4, Pa. 



BINDERS 


RECOMMEND 



You can now obtain binders for your 
back issues of the Agronomy Journal 
(Vols. 41, 42, 43, 44, and 45). You do a 
permanent binding job yourself; simply 
send for the covers. No rings or wires. 
Dark green color with the name of the 
Journal and year stamped in gold on 
the back. Price, $3.50 each when ordered 
singly; orders for two or more, $3.00 
each. 

Title page and tabic of contents sent upon 
request. 



AGRONOMY JOURNAL 

2702 Monroe Street, Madison 5, Wisconsin 



The Journal of 
A^mCULTUIAL 
SCIENCE 

Edited by G. D, H. Bell, J. Hammond, H. Hunter. 
Sir Bernard Keen, Sir E. John Russell, R. K. Scho- 
field, H. E, Woodman, & F. Yates, 

Devoted wholly to the publication of scientific papers 
on agricultural subjects, the Journal includes original 
papers; occasional resumes or criticah articles on recent 
advances in the various branches of Agricultural Science; 
short notes recording exceptional cases, analyses etc.; 
articles from Indian and Colonial workers descriptive of 
soil, climate and other conditions under which agricul- 
tural operations are carried on in tropical and semi- 
tropical countries; reviews and discussions. 

Intended for agricultural teachers and experts, farmers 
and land agents having an interest in the scientific side 
of their profession, agricultural analysts, seedsmen, 
millers, manure manufacturers, etc. 

Issued at two monthly intervals in parts of about 120 
pages with plates and figures, four parts constituting 
a volume. 

$10.30 per volume of 4 parts 

CAMBRIDGE UNIVERSITY PRESS 

32 East 57th Street^ New York 22, N. Y. 




SOIL TEST OUTFITS 

TO BUILD UP SOIL PRODUCTIVITY 



THE COMPLETE Simpk.-N 
SOIL '1‘EST OUTFI'T makes 
uver 10(1 tests tor each v»I' is 
essential soil chemicals, plus 
reserve aridi tissue tests. Pricc-vi 
49. SO complete F.O.B. Not- 
'ft iilk, Ohio via Raihvay Express. 

Other Commercial 

and 3.CS(| complete 


Recommend the accurate 
sail tester — developed by 
Dr. Charles H. Spur way 
of Michigan State College 
and used by leading col- 
leges and universities. Sim- 
plex tests are easy and 
quick to make and read- 
ings are given in parts per 
million (ppm) and in 
pounds per acre, tlius pin- 
pointing the recommenda- 
tion-s better than other soil 
testers. 

Out tits .uc priced at IJS.Sk 

Ohitii via Baihvay Expiess. 


Simplex Soil 4 esi 
F.O.B. No! walk, 


THE EDWARDS LABORATORY 

P.O. Box 318-R • NORWALK, OHIO 


The EMPIRE JOURNAL of 

EXPERIMENTAL ACRICULTyRE 


This Journal offers agricullurai research 
workers a ?nedlmn for dissemmat In g the 
records and results of theh investigations 
on the feeding and management of live 
stock} cultivation and manuring of crops, 
trial of farm machinery, agricultural eco- 
nomlcs, and experimental technique. 

Royal 8vo. lls net. Subscription price 
(four numbers) 34s. post free. 


OXFORD UNIVERSITY PRESS 

Amen Houfe London E. C. 4 






mm 


VoL 47 


August 1955 


No. 8 


The Chlorophyll Content of Certain Flue-Cured 
and Turkish Tobacco Varieties' 

Frederick A. Wolf and Frederick T. Wolf- 


S INCE no one has determined the chloroph)di content of 
flue-cured varieties and Turkish varieties of tobaccos, it 
is the present purpose to provide such data and to discuss 
their usefulness. It should be pointed out, however, that 
Griffith, Valleau, and Jeffrey (5) determined the chloro- 
phyll content of 7 varieties of dark tobaccos and that of 11 
of Burley varieties. The dark varieties were found to con- 
tain 13.1 to 18.7 mg. of total chlorophylls per gram on a 
dry weight basis, the average being 16.2 mg./g. The 11 
Burley varieties had 7.7 to 14.8 mg./g., averaging 10.6 
mg,/'g. The average proportion of chlorophyll a to chloro- 
phyll b was 69.2 to 30.8 respectively in the dark tobaccos 
and 69.9 to 30.1 in the Burley varieties. 

Subsequently Jeffrey and Griffith (6) studied the changes 
in concentrations of chlorophylls during air curing of the 
Burley variety Kentucky 16. They used 3 sets of samples, 
one from plants cut 10 days before maturity, another when 
mature, and the third when 10 days overmature. The sam- 
ples were wilted for 24 hours and then cured under con- 
trolled conditions of temperature and relative humidity. 
Basal leaves and upper leaves from each set of samples 
were removed at intervals during a period of 39 days and 
were analyzed. They found the highest rates of chlorophyll 
loss in the basal leaves of immature plants. Moreover, chlo- 
rophyll (i constituted only 57 to 60% of the total chloro- 
phyll at the end of the air curing process, having declined 
from 71 to 73 %■ at the time of harvest. These results con- 
firmed the earlier condusions ( 5) that "chlorophyll a is 
less .stable than chlorophyll h, . . . The percentage of T/ 
tends to decrease during the curing of tobacco, which is in 
many rccspects a continuation of the changes going on dur- 
ing the maturation of the leaf", 

MATERIALS AND METHODS 

Twelve varieties of tobacco c\’ere studied. The 5 Turkish vari- 
eties included 9, a .Smyrna type; 15 A and 15, of Samsoun type; 
18, a Xanthi type; and 20, a Cavalla type. Hicks, Oxford 28, Gold 
Dollar and Dixie Bright 101 were the flue-cured varieties used. 
The 2 Burley varieties, Kentucky 16 and White %urley, and a 
single dark tobacco, Madole, were also included for comparative 
purposes. All were grown under field conditions at the Tobacco 
Experiment Station, Oxford, N. C., during the 1954 season. Com- 
mercial fertilizers were applied in amounts to yield best quality at 
this location. - 

Three different types of samples were analyzed. In one of these, 
referred to subsequently as green or normal tobacco, leaves of 
mature size were picked, although these would have been regarded 
as immature by an experienced grower. The second type of samples. 
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referred to hereafter as mature, were collected at the time when I 

the leaves would have been harvested or primed by an experienced ; 

grower. The third type of samples, designated yellow, were like- 
wise collected when ripe, but were thereafter allowed to yellow i 

for a period of 44 to 66 hours before analysis. The series of green i 

samples were harvested between July 9 and Aug, 9; the mature | 

samples, between Aug. 6 and Aug. 12; and the yellow samples, 
between Aug. 16 and Sept. 2. 

Except for the leaves which were allowed to yellow, lO-g. sam- 
ples were used in chlorophyll analyses; these were made on the : 4 

same day a.s that on which the leaves were removed from the ^ ; 

plants. Usually the analyses were completed within 6 hours from 
the time of collection. Because of water loss during the yellowing ■; j 

process, which ranged in amount from 5 to 10%, the leaves used :.1 

in these determinations were weighed shortly after picking, and I 

again after yellowing, the sample consisting of the equivalent of ^ 

10 g. of the original net, fresh weight. i 

The chlorophyll analyses were performed by a method only ^ 

slightly modified from that of Comar (2) and Comar and Zscheiie ^ j 

(3), and as reported in the A. O. A. C. Official Methods of Anal- ; 

ysis (1). The selected sample of fresh leaf tissue was ground in ■ j 

a Waring blender in acetone containing a small quantity of CaCOs. ; j 

The acetone solution of the pigments was removed by suction fil- j 

tration, and the filtrate was made up with additional acetone to a 
volume of 200 ml. A 12.5-ml. aliquot of the acetone solution was , ; 

mixed in a separatory funnel with 50 ml. of ethyl ether. The pig- ? 

ments were transferred to the ether layer upon the addition of ; I 

distilled water. The ether solution was washed repeatedly with ; i 

water, wus made up to a volume of 100 ml., and was then dried J 

by the addition of anhydrous Na-SOi. 

Determinations of the optical density of the ether .solution of , | 

the chlorophylls were made with a Model DU Beckman spectro- j 

photometer. The optical density of each sample was measured at ; 

6425 A and at 6600 A, corresponding to the maxima in the absorp- ; 

tion spectra of chlorophyll b and chlorophyll >/, respectively. The 
concentrations of chlorophyll and h w^ere then computed from 
the equations:" I 

I 

" Consult Comar and Zscheiie (3) for derivation of the formulae. \ 

Ch == 9.93 log — - 0.777 log -y- ) i 

Chi= n.rtlogy —2.81 log— (<5500) 

All values are reported on the basis of mg./g. fresh weight. Con- . j: 

siderations of the size of sample used, the volume of acetone, the f 

volume of the aliquot of the acetone solution, and the volume of 

ether used indicated that the values obtained in the above eqtia- 

tions must be multiplied by a factor of 0.16 to give the chlorophyll 

concentrations in mg./g. Values for total chlorophylls and for per- : 

centage of chlorophyll a w^ere then calculated from the primary 

data.' ■ ' I 

RESULTS I 

The results of analyses for chlorophyll chlorophyll b, ; 

total chlorophylls, and percentage of chlorophyll a in the . ! 

green leaves of 12 tobacco varieties are presented in table 1. U 

Each value in the table represents the average of deter- ; ; 

minations performed on 10 or more different collections, .. 
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Table 1.— The chlorophyll content of the green leaves of 12 varieties of tobacco. 


Variety 

Chlorophyll a 
nig./g. 

Chlorophyll b 
mg./g. 

Total 

chlorophylls 

mg./g. 

Chlorophyll a 
% 

18 - 

1.17±.13 

0.49*. 07 

1.66 *,18 

70.7*1.7 

Madole -- - 

1.05=i--.14 

i.oa^.ii 

0.46±.06 
0.45 *.07 

1.51 *.20 
1.48 *.18 

69.6*1.4 

70.0*2.1 

Oxford 28 - _ - - - 

Gold Dollar - 

0.96=i=.14 

0.82=i=.24 

0.40* .06 
s 0.36*. 11 

1.36 *.20 

1 . 17 * .34 

70.8*0.9 

69.7*1.9 

9 

0.81=i=.09 

1 0.35*. 03 

1.16*. 11 

69.8*1.6 

15A . ■ ■- ■ 

0.76=^ .08 

0.34 *.04 

1.10*. 12 

69.3*2.1 

15 

20 ... - ^ 

0.78=1=. 09 
0.66*. 07 

0.34* .05 
0.28*. 03 

1.06 *.14 
0.95 *.08 

68.6*2.1 

70.0*2.0 

D.B. 101 

Kentucky 16 - - . - - - - - 

0.60=fc:.07 
0.43*. 07 

0.28 *.04 
0.19*. 05 

0.88 *.11 
0,62*. 10 

68.4*2.1 

69.8*3.7 

White Burley _ - ^ - - - - • 

0.38*. 04 

! 0.16*. 03 

0 . 54 * . 06 

70.0*3.1 


Viilues for the standard deviations have also been included. 
Calculations for each of the 120 or more determinations 
summarized in this table have been computed to three 
decimal places, but were rounded off to the closest 0.01 mg. 
per gram fresh weight, thus yielding, in certain instances, 
values for total chlorophylls which differ slightly from the 
sum of the figures for chlorophyll <-/ and chlorophyll h. 

There is a difference of approximately 30()Ce in total 
chlorophyll content between White Burley, which had the 
least chlorophylls (0.34 mg./g.), and the Turkish variety 
18, which had the most (1.66 mg./g.). Both of the Burley 
viirieties studied, Kentucky 16 and White Burley, have less 
chlorophyll than the variety Madole, thus confirming the 
finding of Griffith, Valleau, and Jeffrey (3). Among the 
Turkish varieties, 18 is exceptional in its large cjuantity of 
chlorophylls. The remaining Turkish varieties studied had 
less chlorophylls than any of the flue-cured varieties, with 
the exception of Dixie Bright 101. The average of the Hue- 
cured kinds is considerably higher than the average of 
either the Burley or Turkish varieties. 

No significant differences were found in the percentage 
of chlorophyll a present in the 12 varieties studied, since 
it varied only from 68.4 to 70.8 . 

The findings from analyses of the chlorophyll content of 
the mature leaves of 7 varieties are presented in table 2. 
Each value shown represents the average of 4 determina- 
tions on different samples. By the time the leaves are ready 
to be harvested, the quantity of chlorophyll in all varieties 
taken together has declined by an average of 46.6%. A 
significant difference is to be noted in this connection be- 
tween the fine-cured varieties, on the one hand, and the 
Madole and Burley varieties on the other, the decrease in 
total chlorophylls being much more, pronounced in the flue- 
cured varieties. 

Concomitant with decrease in total chlorophyll content 
associated with maturity is a change in the proportion of 
the two chlorophyll components. Chlorophyll a is more 
readily destroyed than chlorophyll b. Ip the. green leaves of 
the 7 varieties studied, the over-all average percentage of 
chlorophyll a was 69.89/. This amount decreased to an 
average of 61.8% at maturation. These results, , similar to 
those reported by Jeffrey and Griffith (6) for the Burley 
variety Kentucky 16 during curing, indicate that the prefer- 
ential destruction of chlorophyll a is a general phenomenon 
occurring also in other types" of tobaccos, and emphasize the 
fact that this process begins while the leaves are still on the 
growing plant in the field. 


Table Z.—The chlorophyll content of the mature leaves of 
7 varieties of tobacco. 
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phyll a 

phyll b 

chloro- 
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phyll a 

mg./g. 

mg. , g. 

phylls 

normal 
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mg./g. 
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Hicks., 

0.40 1 

; 0.25 1 

0.64 i 

i 57.2 

61.4 

Madole 

. 0.55 i 

; 0.30 

0.85 1 

1 42.3 , 

1 64.3 

Oxford 28 , „ . 

0.34 i 

0.23 

0.57 ' 

1 58.2 1 

1 60.0 

Gold Dollar . 

0.34 

0.23 

0 . 57 

51,5. i 

60 . 5 

D.B, 101 

0.24 

0.15 

0.39 1 

56.3 

1 61.8 

Kentucky 16 

0.32 

0,18 

0.49 1 

22 . 5 i 

i 64.0 

White Burley 

0.20 

0 . 13 

; 0.33 ' 

i 39.5 

! 

! 60.7 


Table 3. — The chlorophyll content t>f the yellow leaves of 
7 varieties of tobacco. 
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Hicks. , 

0,08 

0.12 i 

0.21 

tS6.2 

41.4 

Madole 

0.24 

0.21 i 

0.45 

68.6 

53 . 6 

Oxford 28 , . 

0.09 

! 0.14 

0.23 

83.1 

41,8 

Gold Dollar _ 

0 . 10 

i 0.14 

0.24 

79.8 

41.5 

D.B. 101 . 

0.08 

; 0.11 

0.19 

78.5 

43.6 

Kentucky 16 

0.15 

1 0,17 

0.31 

49,7 

45.6 

White Burley 

0.07 

j 0.10 

i 

0.16 

69.6 

! 

41.8 


In table 3 are presented the findings from chlorophyll 
analyses of the same 7 varieties after the leaves had been 
allowed to mature on the plant, had been harvested, and 
then were allowed to yellow for 44 to 66 hours. Each value 
in table 3 represents the average of 4 determinations on 
different samples. 

In general, the differences already noted from compari- 
son of green and mature leaves become more accentuated as 
the leaves yellow. The content of total chlorophylls, origi- 
nally averaging 1.08 mg./'g. in the greeii leaves of these 7 
varieties, decreased to an average value of 0.55 mg./g. in 
the mature leaves. On yellowing, there is an additional de- 
crease to an average value of 0.26 mg./g. Moreover, the 
decrease is significantly greater in the flue-cured varieties 
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than in the dark and Burley varieties, the average chloro- 
phyll content of the 4 due-cured varieties having decreased 
by 81. 9^/0 

DISCUSSION 

The data reported herein concerning chlorophyll content 
on a fresh weight basis may be compared with those of 
Griffith, Valleaii, and Jeffrey (5), who expressed chloro- 
phyll concentration of a dry weight basis. But if it is borne 
in mind that the water content of green and mature leaves 
on the plant is high, approximating 90%, it becomes appar- 
ent that the content of chlorophylls from the two sets of 
data are of similar magnitude. 

Differences between certain varieties in chlorophyll con- 
tent, when growing in the held, are readily apparent to the 
eye. Growers tend to harvest Dixie Bright 101, for ex- 
ample, which has a greenish yellow leaf, while the leaves 
are still immature. Manifestly, a change in content of chlo- 
rophylls accompanies the maturing of any given variety, 
but in flue-cured types, in which lemon -yellow color is of 
prime importance in cjuality of the cured leaf, the loss of 
chlorophylls is greater than in other types. Because diffi- 
culty is sometimes encountered in the curing of varieties 
harvested when immature, and because immature leaves, 
after aging in storage, arc of poorer quality than mature 
ones, the present findings should be applicable to harvest- 
ing practices with flue-cured tobaccos and in future breed- 
ing work leading to the development of new varieties. 

The variations in total chlorophyll content wdthin certain 
varieties, such as Gold Dollar, Oxford 28, and Hicks, are 
considerably greater than those found in other varieties. 
While these findings may be attributable in part to sam- 
pling error, and to differences between varieties in leaf 
thickness, there is also the possibility, supported to a degree 
by field observations, that the chlorophyll content is less 
well stabilized or fixed genetically in certain varieties than 
in others. Moreover, the genetical factors which control 
production of chlorophyll are known to be modified by the 
supply of nitrogen available to the growing plant, for when 
the supply is excessive the leaves are dark green, and when 
meagre, they are pale green. 

As pointed out ( 5), "studies on pigment disappearance 
are rare", and the phenomenon is little known. Certain data 
indicating upset of genetical controls and consequent occur- 
rence of increase of chlorophyll above normal or decrease 
below normal come from studies involving tobacco diseases. 
Disappearance of chlorophyll and inhibition of its forma- 
tion in tobacco, as induced by certain viruses, have been 
studied by Dunlap (4) and Peterson and McKinney (7). 
Dunlap found that a normal plant, having a total leaf area 
of 89.7 sq. dm., contained 359 mg. of chlorophyll, whereas 
a mosaic plant, having a total leaf area of 62,6 sq. dm., 


contained 221 mg., i.e. 62% as much as the normal plant. 
Peterson and McKinney found that the chlorophyll content 
of tobacco leaves affected with common mosaic, yellow 
mosaic, dark-green mosaic, and mild mosaic was consist- 
ently lower than that of normal leaves and that the chloro- 
phyilase activity in virus-affected leaves, except common 
mosaic, was always higher than in normal leaves. 

SUMMARY 

The quantities of chlorophyll a and chlorophyll h in the 
green leaves of 12 tobacco varieties, including Turkish, 
flue-cured, and Burley types, and a dark type, have been 
determined by a spectrophotometric method. Total chloro- 
phylls of the varieties sampled vary from 0.54 to 1.66 mg. 
per gram of fresh weight. With some exceptions, the flue- 
cured varieties have a higher content than the Turkish vari- 
eties, and these contain more chlorophylls than the Burley 
types. No significant difference was found in the percentage 
of chlorophyll a among varieties, the range being from 
68.4 to 70.8%. 

The chlorophyll content of four flue-cured, two Burley, 
and one dark variety has also been determined in mature 
leaves, and in leaves yellowed during the initial stages of 
curing. The average decrease of total chlorophyll content 
was 46.6% in the mature leaves and 73.6% in the yellow 
leaves. Such decrease is more pronounced in the flue-cured 
than in dark or Burley varieties. The significance of greatest 
chlorophyll loss in flue-cured types is discussed. 

A preferential destruction of chlorophyll a accompanies 
the changes which occur in mature and yellow leaves. The 
percentage of chlorophyll 4 is 69.8% in green leaves, but 
is reduced to 61,8% in mature ones and to 44.2% in the 
yellow leaves. 
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Factors Affecting Fruit Development 


of the Jumbo Runner Peanut' 



G. M. Shear and L. 1. Miller^ 


T O INTERPRET peanut yields, it is essential to under- 
stand the factors that affect the development of the 
peanut (/drrfc/?/.r hypogaea L.) fruit. The most comprehen- 
sive study on this subject was made by Shibuya (5) with 
large seeded runner and small seeded Java Bunch peanut. 
Certain phases of peanut fruit development have been re- 
ported by Pickett (3) for Virginia Bunch, by Patel and 
Seshadri (2) for a Spanish variety, and by Smith (7) for 
Virginia Jumbo Runner peanuts. In all lines of research 
based on fruit yield and quality, in which the Jumbo 
Runner variety of peanut has been used, the need for more 
information about the factors that affect fruiting has become 
increasingly important. 

This study is part of a more comprehensive project deal- 
ing with factors affecting fruit development and yield. The 
first phase dealt with the effects on fruiting of peg removal 
during different intervals in the blooming period. It soon 
became apparent that only very limited information could 
be obtained from peg removal experiments and peg tagging 
was resorted to for determining the effect of time of fruit 
initiation on fruit development. A preliminary report on 
part of this study was presented in 1930 (4). 

METHODS 

Seed from a single plant selection of the Holland strain (1) of 
Jumbo Runner peanut was used in 1949 and this selection was 
rogued annually in order to maintain a uniform seed stock for 
subsequent plantings. 

Leaf shedding, resulting from infections of Cercospora amchidi' 
add Hori and C. personate (B, and C.) E. and E., was controlled 
by repeated applications of sulphur to the foliage. The Southern 
corn rootworm {Duthroiica dmidedm punctata hotcardd Barb.) w^as 
controlled through the use of lindane in 1949 and 3950, and with 
aldrin in 3951 and 1952. 

la the experiment to determine the effect of peg removal on 
yield and fruit development, pegs were removed by clipping them 
before they reached the .soil. Thus the fruit deveiopment was re- 
stricted to that fruit produced from pegs formed at certain intervals 
during the fruiting period. A peg according to Smith (6) is the 
stalk-like appendage prtKlucedl from the point of flower attachment, 
after flowering but before fruit enlargement When clipping was 
done during a given period, it was done at weekly intervals, and 
ail pegs produced during the preceding week were removed. The 
field plots consisted of 4 plants each, spaced 3 feet apart A ran- 
domized block design was used and each treatment was replicated 
6 times. The plots were located on Onslow sandy loam soil at the 
Tidewater Field Station, Holland, Va. 

The rate of de\'elopment of fruit from flowers {sroduced at dif- 
ferent times during the flowering period was studied by marking 
U) newly formed pegs per plant, at weekly intervals. In order not 
to disturb previously marked pegs, the pegs farthest from the crown 
of the plant were marked each time. These plants were spaced 3 
feet apart with 4 plants per plot. Three plots selected at random 
were harvested at weekly intervals over a period of several weeks, 
starting in late September. The development of fruit from pegs 
tagged at each tagging period was measured. Plastic chicken leg 
bands were placed around the pegs to be identified; each week 
different colored bands were used. In 1950, the bands were slipjx^d 
over the pegs just as they reached the soil, and it was assumed 


^ Contribution from the Department of Plant Pathology and 
Physiology, Virginia Agr. Exp. Sta., Blacksburg, Va. Received 
Feb. 2, 1955. 

^ “ Plant Phy.siologist and Associate Plant Physu)logist, re,spec- 
tively. The authors wish to acknowledge the assistance of mem- 
bers of the staff* of the Statistical Laboratory of Virginia Poly- 
technic Institute. 


that the deveh)ping fruit vajuld prewnt the bands from being lust |; 

at harvest. Howe\'cr, a high percentage of tiie bands fell off either [ 

before the fruit enlarged or because the fruit failed to develop. i 

During the next two seasons the bands were to the plants I 

to prevent their loss. 

RESULTS , r 

Pegs were removed by clipping during three different 
periods in 1949. On one set of plants, pegs were clipped | 

from the time the first ones were obser^'ed in early July f 

until July 26, and on another set from early July until Aug. f 

23. On a third set of plants the newly formed pegs were f 

first removed on Sept. 3, which included pegs developing 
from flowers produced during the preceding ID days, and 
then were removed weekly until harvest. The number of ! 
large fruit ( fruit retained by a screen with slots ' 

in width) per plant at harvest was not altered by the re- j 
moval of ail pegs from the beginning of peg formation 
until July 26 or until Aug. 23; see table 1. These results 
show that the plants developed a comparable number of 
fruit even though the start of fruit forniation \\^as delayed ^ 

for different lengths of time by peg removal. The maturity I 

of the fruit, however, is related to the length of the period \ 

during which it developed, as is shown by the data. The j 

weight of fruit (pod and seed ) and seed was lowered by = 

peg removal during both periDd.s. The shelling percentage ' 

(ratio of fruit weight to seed weight) was lower from 
plants with pegs removed until Aug. 23, than from plants ^ 

with pegs removed until July 26 or from undisturbed , 

plants. The weight of extra large seed (seed retained by a ; 

screen with slots 22 /64-inch in width) was lowest from I, 

plants with pegs clipped until Aug. 23, was intermediate | 

from plants with pegs clipped until July 26 and highest ' 
from undisturbed plants. j 

Plants from which the pegs were dipped weekly 
throughout the period of peg formation produced a few > 

early fruit close to the taproot. The.se fruit contained extra 1 

large seed comparable in weight to those produced by j 

plants the pegs of which were clipped through Aug, 23, ! 

This would explain the presenceof any extra large seed on | 

this group of plants, since seed of this size would not be 
expected from pegs produced after Aug. 23. 

Pegs were removed by clipping during 4 different periods 
in 1950. The pegs were clipped from the time the first ones 
were observed In early July until July 26, on one set. vSince 
it was apparent from the 1949 data that fully developed 
fruit could not be expected from plants when the pegs 
were kept clipped until the latter part of Augusfi this treat- 
ment was not used in 1950. The newly formed pegs on 
other sets of plants were first removed on Sept. 1, Sept, 14, 
and Oct. ly and then removed weekly until harvest. No 
differences occurred in the number of large fruit, weight 
of fruit, weight of seed, or in ratio of seed weight to fruit 
weight; see table 2, The weight of extra large seed was 
reduced by clipping the pegs through July 26. 

Late clipping in 1949 reduced the number and alst) the 
weight of fruit, although the shelling percentage and 
weight of extra large seed were nut afifected. In 1950, late 
clipping did not reduce the number or weight of fruit. 

These discrepancies may possibly be explained by the diL 
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Table 2.— Effects of peg clipping on fruit development in 1950. 


Treatment 

No. large 
fruit per 
plant 

Wt. large 
fruit per plant 
(grams) 

Wt. of seed 
per plant 
(grams) 

Wt. seed/wt. 
fruit (shelling 
percentage) 

Wt. of extra 
large seed per 
plant (grams) 

No clipping ... - - 


200.9a 

134,2a 

66.8a 

73.9a 

Pegs dipped through July 26 . „ , 

102 a 

184.3a 

119.2a 

64.7a 

48.6b 

Pegs dipped Sept. 1 to digging 

94a 

200.4a 

137.3a 

68.4a 

83.0a 

Pegs dipped Sept. 14 to digging 

102 a 

196.1a 

129.6a 

66.2a 

69.8a 

Pegs dipped Oct. 1 to digging 

9oa 

197.2a 

134.5a 

68.2a 

81.3a 


* There is not a signUicanl difference ( 5% level) between values In a column that are followed by the same letter. 
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I’lihle 1.— Effects of peg dipping on fruit development, 1949. 


Treatment 

No. large 
fruit per 

1 plant 

Wt. large 
fruit per plant 
(grams) 

Wt. of seed 
per plant 
(grams) 

Wt. seed/wt. 
fruit (shelling 
percentage) 

Wt. extra large 
seed per plant 
(grams) 

No clipping . - - - -L' 

Pegs clipped through July 26 1 

Pegs dipped through Aug. 23 — . | 

112a* 

91a ! 

101a 

171.3a 

128.2b 

118.1b 

120.3a 

89.06 

76.5b 

69.7 a 
68.8a 
64.6b 

31.2 a 

17.5 b 

5.0c 


rhe;e is not a 'ignificant cliffereiire (5% between values in a column that are followed by the same letter. 


ferent means of peg removal during the 2 years. Peanut 
pegs are very tough and fibrous and are difficult to cut 
readily. In 1949, several kind.s of clippers were used, all of 
which resulted in excessive distiirbaiiGe of the pegs already 
in the soil This could easily have reduced the number of 
later formed pegs developing fruit. In 1950, serrated bone 
shears were used; these cut the pegs very easily, resulting 
in no appreciable disturbance to the plants. 

The effect of time of peg initiation on the percentage of 
pegs producing fruit is shown in figure 1-A. A fruit was 
arbitrarily considered developed when it was retained on a 
screen with slots 22/64-inch in width. The trends for both 
1951 and 1952 were the same, with over 70% of the pegs 
developing fruit when they were formed by the middle of 
July. The percentage decreased with each succeeding 
weekly period of peg formation until by Aug. 19 only 
15% of the pegs had formed fruit. The effect of this de- 
crease on yield would be dependent upon the number of 
pegs produced during a given weekly period. Since the 
flowering period of this variety of peanut normally extends 
from late June until Septembfir, the period of maximum 
bloom as related to fruit development and yield is impor- 
tant. Flower counts made in 1952 show a high average 
daily flower production from mid-July to mid- August, after 
which flowering decreases quite rapidly; thus, during the 
period covered by the data In figure lA, a high and rela- 
tively uniform flowering rate was maintained. Smith’s data 
( 7) for Virginia Jumbo Runner peanuts support these 
findings and Shibuya (5) found that the percentage of 
pegs in relation to flowers remains fairly constant during 
the main flowering period. Thus, the rate of increase in 
number of fruit produced from flowers blooming during 
the first half of August would decline as compared with a 
comparable period in mid-July. 

Another requirement for fruit development in the peanut 
is that the peg enter the soil (5). The question arises as to 
whether or not the decrease in the number of pegs develop- 
ing fruit as the season progresses is due primarily to the 
failure of pegs to enter the soil. In the peg tagging tests 
reported here, no record was made of why pegs failed to 
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Fig. 1. a,-— T he effect of time of peg formation on the percentage 
of pegs producing fruit. 

B. Linear regression of fruit weight on time of fruit initiation 
after linear adjustment to constant age (8 w^eeks in 1951. 9 
weeks in 1952 f. 


produce fruit. In 1952, however, lots of 10 plants grown 
at 1 -foot spacing and 10 others at 3-foot spacing were dug 
each week starting July 17 and continuing for a 7-week 
period to study peg development. Counts were made of 
pegs that had and those that had not entered the soil. Pegs 
that enter the soil are easily distinguished by their white 
tips. Differences in spacing did not affect the percentage of 
pegs entering the soil. There was a significant increase in 
the percentage of pegs entering the soil as the season 
progressed. On July 17, 62% of the pegs had entered the 
soil, and on Aug. 27 the percentage had increased to 86. 
This was evidence that the decrease in percentage of pegs 
developing fruit as the season progressed could not be 
attributed to failure of pegs to enter the soil. 

Shibuya (5) presents data for small seeded bunch pea- 
nuts, showing that the percentage of pegs in the soil de- 
creased from 65% at 9 weeks aftet' planting to 26% after 
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17 weeks. He attributes the higher fruiting rate of early 
formed pegs to the higher number penetrating the soil. 
This does not appear to be a logical assumption since even 
after 17 weeks he found a surplus of pegs in the soil that 
did not develop fruit. He presents a diagram of a large 
seeded runner peanut plant showing the time each flower 
opened and which flow^ers produced fruit. The peak of 
fruit production was from flowers opening during the third 
and fourth weeks of the flowering period. This corre- 
sponds with the period covered by the two highest values 
for percentage of fruit developed, as shown in figure lA. 

The data in table 3 show the effect of time of initiation 
and age of fruit on fruit weight. The weight of fruit of a 
comparable age is affected by the time of its initiation. Fruit 
developing from flowers produced during the early part of 
the flowering period grows most rapidly w^hile fruit devel- 
oping from later flowers grows progressively slower. Figure 
iB was obtained by fitting a linear regression formula and 
shows the relative w^eight of fruit of a uniform age at 
harvest (8 weeks in 1951, 9 wrecks in 1952), the pegs of 
which were tagged on the indicated dates. It shows a de- 
crease in growth rate of 0.124 grams per week in 1951 and 
0.180 grams per week in 1952. 

The data in table 4 .show the mean temperatures during 
the different periods when fruit development rates were 


Table 3.— -The average weight of peanut fruit of different ages 
developed, from pegs produced at different times during the 
fruiting period. Values on a given diagonal line repre- 
sent the w'eight of fruit of the same age developing 
from pegs produced at different periods 
during the fruiting season. 
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obtained. These data show^ a close correlation between de- 
creasing temperature and decreasing growth rate of later- 
formed" fruit. While temperature is unc|uestionably an im- 
portant factor in the growth rate of the fruit, other factors 
such as decreasing day length, declination of the sun, and 
the presence of older fruit may also be contributing to the 
reduced growth rate of later-formed fruit. 


DISCUSSION 


It can be seen from the data presented here that under 
field conditions at Holland, Va,, ( latitude 36*^ 4U, longi- 
tude 76° 47', elevation 80 ft.), the time required for a 
fruit of the jumbo Runner peanut to attain its full devel- 
opment from a flower is quite variable. If we arbitrarily 
consider a fruit weighing 2 g. (about 80% of the average 
maximum weight) or more as being fully developed, then 
the time from tagging (approximately 1 week after flower- 
ing) to full development would vary as much as 3 weeks, 
depending upon the time that the flower is produced. Thus, 
the Jumbo Runner variety would require 10 to 13 weeks 
to produce a fully developed fruit from a given flower. 

Patel and Seshadri (2) found that a Spanish variety 
peanut growing in India required 60 days from the time of 
flowering until fruit was mature. Pickett (3) under Georgia 
conditions found that Virginia Bunch peanuts required 9% 
to 11% weeks to reach maturity (seed weight of 510 mg.) 
from the flowering stage, when flowers produced early in 


Table 4. — ^The mean temperatiifes for the periods during which 
fruit weights in table 5 were produced. 
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DEXTER: ALFALFA SEEDLING EMERGENCE FROM SEED LOTS OF VARYING ORIGIN 


the flowering period were studied. The effect of time of 
fruit initiation on development was not considered. At the 
lower latitudes where these two studies were made, a lag in 
rate of fruit development might not occur or might be less 
pronounced than was found under Virginia conditions. 

SUMMARY 


but appears to depend on some other factor or factors 
inherent in the plant 

The rate of fruit growth decreases for later- formed fruit 
under field conditions, and although the presence of early- 
formed fruit undoubtedly affects the grow^th rate of later- 
formed fruit, a close correlation with decreasing mean 
temperatures and decrease in growth rate was found. 


The development of fruit of a selection of the Holland 
strain of the Jumbo Runner peanut was studied by means 
of peg removal or peg tagging. 

The removal of pegs from the beginning of peg forma- 
tion until the latter part of August did not reduce the num- 
ber of large fruit at harvest, although later formed fruit 
were less mature at harvest. Thus, the number of fruit that 
peanut plants of a given size will produce appears to be 
quite definite. 

Pegs produced from late August until flowering ceased, 
on plants which had not been previously disturbed, did not 
have a significant effect on yield. 

The percentage of pegs producing fruit decreases as the 
flowering period advances. The number of fruit that devel- 
oped was not limited by a lack of pegs penetrating the soil. 
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Alfalfa Seedling Emergence from Seed Lots Varying in Origin 

and Hard Seed Contend 

S. T. Dexter^ 


D uring the past year or two there has been consider- 
able unrest in the alfalfa seed trade due to advertising 
which suggests that the hard seed content in alfalfa seed 
lots is highly detrimental to the success of the seed in the 
field. Since new techniques and sources of alfalfa seed pro- 
duction have recently been developed, it seemed w^orth while 
to reinvestigate this old problem. 

REVIEW OF LITERATURE 

Papers (2, 3, 4, 6, 7, 3, 9) and references (1, 5) sum- 
marize many of the investigations of hard seed. It has been 
suggested repeatedly that a reasonable percentage of hard 
seed is probably at least as much an advantage as a disad- 
vantage, agronomically speaking. The practice of scarifying 
alfalfa seed, common perhaps 30 years ago, almost disap- 
peared following articles that showed that such seed lost 
rapidly in viability. It has been suggested frequently that a 
sample containing a considerable percentage of hard seed 


alfalfa seed were obtained. In almost every case, a history .of. the 
.seed lot was furnished, showing the approximate date of harvest, 
cultural practices, etc. 

Several varieties were represented with .several samples of each. 

Most of the seed lots were certified seed, a few were foundation, 
and the Michigan lots were ordinary commercial samples. Among 
the lots of seed were several that were picked by hand and hand 
threshed, furnished by C. M. Rincker of Wyoming, and L. E. 

Arnold, t)f California. All except 46 lots were seed harvested in : 

1955, and only 21 lots were older than 1951 seed. 

Samples in each case consisted of 100 seeds. The weight of 100 ; 

seeds was determined. Laboratory germination'* of all sam pies was 
carried out during April and May, 1954, and repeated during 
October and November.^ Various lots were planted in rows in the 
field at a depth of about inch, on April 9, May 4, June 1, ■ 

July 1, Sept. 1, and Oct. 1, 1954. Seedlings were counted and usu- 
ally pulled, within a few days of emergence, until emergence 
appeared to be essentially complete. Counting of the seedlings of 
the April, May, June, and July plantings stopped on Aug. 26. 

With the September and October plantings^ counting continued 
through November. 



tended to maintain viability longer than a sample low in 
hard seed. 


EXPERIMENTAL RESULTS 

April plantings . — Sixty samples representing every state 
in the test, were planted April 9 in rows, at a depth of 
about inch. Lots were selected without regard for hard 
seed content, since these figures had not yet been obtained. 

There was great variation among the lots in the rapidity 
of germination, varying on April 23 from 5 to 78 seedings 

® By Durwood Beatty, Graduate Assistant. 

* By Bernard C. Andersen, Graduate Assistant. 


MATERIALS AND METHODS 


Through the courtesy of the Crop Improvement Secretaries of 
several of the alfalfa seed-producing states, as well as with the 
assistance of C. S. Garrison, and various seedsmen, 190 lots of 

^Journal, Article No. 1722, Michigan Agr. Exp. Sta., East 
Lansing, Mich, Received Feb. 2, 1955- 
^ Professor of Farm Crops. Michigan Agr. Exp. Station. 
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Table i. -—Percentage average emergence and survival of 24 lots "quick” and 24 slow ’ in germinating, selected from 60 lots of 

alfalfa seed planted in the field ApriHL 


Ave. Quick „ 
Ave* Slow - - 


Laboratory 

germination 

Quick 

Hard 

germ. 

seed 

% 

% 

15 

47 

41 


Emerg. 
up to 
Apr. 28 


Emergence and survival in the field plantings 


Emerg. 
up to 
May 5 

Calc. 

Frost stand on 

survival May 18 

Later 

emerg. 

Total 

emerg. 

Calc. 

total 

living 

, % 

% % \ 

% 

■ % 

% 

62 

61 38 

6 i 

68 

44 

52 

76 40 1 

. 

18 1 

■ 70 1 

58 


Table 2. — ^The average field emergence during and after the drought is shown for 24 "quick” and 24 "slow' lots 

from 60 lots of alfalfa seed planted May 4. 




Field emergence 


Lab. hard seed 

I Emergence 
‘ during drought 
up to 

May 28' 

Emergence 
when rain 
came 

Total 

emergence 

24 lowest in hard seed, ave - 

24 highest in hard seed, ave. . : - . - . 

% ■ 

18 

35, 

% 

5 

1 . 

i 

% 

17 

27 

|: % 

I 22 ■ 

1 28 


lii 


emerged, and on May 4 from 24 to 91. The remainder of 
the month of May was exceedingly dry wdth several con- 
secutive nights below freezing about May 15 and without 
rain until May 28, when rain was almost continuous for 
several days thereafter. During the last days of May and 
the first days of June, there was considerable further ger- 
mination. 

When seedling counts were made, 10 seedlings were left 
in each row, and the remainder were pulled. From the re- 
maining 10 seedlings in each row, survival was calculated 
following the frost and drought periods. The 60 lots of 
seed were planted in 6 blocks of 10 each. Twenty-four lots, 
4 from each of the 6 blocks, with the highest total field 
germination up to May 4 were selected as “quick” in ger- 
mination. Similarly, 24 lots, 4 from each of the 6 blocks, 
with the lowest total germination were selected as ”sio\v”. 
The total early germination, the percentage survival after 
frost, and the total germination during and after the rains 
in late May are shown in table 1. 

The table shows that a total of 68 seedlings emerged per 
100 seeds in the 24 “quick” lots, in comparison with 70 
for the “slow” lots. The distribution of emergence in rela- 
tion to freezing and the drought, however, left a calculated 
44 living seedlings for the “quick” and 58 for the “slow” 
lots, since more seedlings in the “quick” lots were killed 
by frost and drought. 

May plantings . — On May 4, 60 lots of seed were planted 
in 6 blocks of 10 each. The soil was rather dry, but imme- 
diately following planting, a brief beating shower damp- 
ened the surface, which quickly dried to form a crust. No 
further rain fell until May 28. In 29 of the 60 cases, no 
seedlings emerged in the first few weeks. Of the remainder, 
the 4 highest were 20, 14, 11, and 9 from the 100 seeds. ' 
' From the laboratory figures, the 24 samples with the 
' , lowest hard seed count and the 24 with the highest hard 


Table 3. — ^The 30 lowest and the 30 highest out of 90 samp!e,s 
in laboratory hard seed percentage conqiared in field 
emergence, from the June I planting. 


Ave, of 30 lowest in 

hard seed- ,. .. 

Ave, of 30 highest in 
hard seed>- 



In laboratory 


In field [ 

Hard 



Total 

seed 

Quick 

Sum 

emerg- 1' 




ence , 

% 

■' % 

% 

% . ■ f 

'■ i. ■ 

5 

71 

76 

■56 

53 

40 

92 

62 : ' 


Table 4, — Comparison of seed hn.s planted on July 2, 

Aver, Bleld emergence 


July 8 to 
Aug. 26 


12 low in hard seed..„ 
12 high in hard seed ... 


seed count were selected. Their germination in the field 
during and after the drought is shown in table 2. 

In the May 4 plantings, the crusting of the soil caused 
the loss of many seedlings, since in many cases, the crust 
was pushed up but the seedlings failed to emerge because 
of the continued drought Apparently this condition was 
particularly damaging to the lots with a high “quick” ger- 
mination, although the total emergence was low in most 
cases on this planting date. The three highest in total emer- 
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DEXTER: ALFALFA SEEDLING EMERGENCE FROM SEED LOTS OF VARYING ORIGIN 


Table 5. Field emergence of alfalfa seedlings from seed lots high or low in hard seed, planted Sept. 1, 



Laboratory germination 

Emergence in the field 


Hard seed 

Quick germ. 

Sept. 17 

Oct. 1 

Oct. 23 

Total 

Lot low in hard seed 

% 

7 

% 

85 

% 

77.1 

% 

3.4 

% 

1.5 

% 

82.0 

Lot high in hard seed _______ , 

45 

45 

74.3 

5. 1 

1.7 

82.1 


Table 6.— Laboratory values concerning alfalfa seed from various localities — 1952 or 1953 seed. 


State 

Number 

of 

samples 

Wt. in 
mg. per 
100 seeds 

Quick germ. 
Ave. 

Hard seed 

Ave. 

Sum of quick 
and hard 

Spr. 

Fall 

Apr. 

Fall 

Spr. 

Fall 

Michigan - _ „ 

6 

188 

% 

60 

% 

72 

% 

25 

% 

17 

% 

85 

% 

89 

S.Dak.,. ... 

19 

191 

64 

73 

25 ■ 

20 

89 

93 

Idaho- . 

17 

210 

61 

72 

29 

22 

99 

94 

Utah- - - . V - „ 

36 

215 

62 

70 

30 

26 

92 

96 

Wyoming- . - - - - - „ 

40 

216 

63 

62 

34 

28 

87 

88 

Wyoming* - _ _ - _ „ .„ .. _ _ - 

10 

222 

21 

28 

74 

69 

95 

97 

Calif. 

1 

194 


84 

— 

6 

_ 

90 

Calif.*-...,..-,..-----. - 

1 

174 

— 

SO 

— 

8 

— 

88 

Calif., - 

15 

201 

87 

90 

8 

7 

95 

97 

Nebraska. : ■ ■ 

6 

203 

69 

79 

. ^ 24 : 

19 

93 

98 


* Hand picked and hand threshed. 1954 California seed. 


gence were 57, 50, and 41% emergence, while the 3 lowest 
were 3, 7, and 9%) emergence. 

fiine plantings— Oa June 1, 90 lots were planted, using 
all samples not previously included. The soil was damp, 
and very frequent rains kept it so for weeks. The 30 lots 
with the lowest hard seed count and the 30 lots with the 
highest hard seed count in the laboratory germinations were 
compared as to their performance in the field plantings. 

In this group of 90 samples were included (purely by 
accident) 16 of the 21 lots that were older than 1951 seed. 
Several of these lots were comparatively low in hard seed 
count and in the sum of '’quick’' and *'hard” seed. Thus, 
the field emergence was lower than it might normally have 
been with "quick” lots. In this planting, a considerable 
amount of damping off was noticed, which probably 
accounts for the comparatively low field emergence. 

July plantings , — To avoid differences due simply to lack 
of viability, for the July 2 plantings 12 lots with "quick” 
laboratory germination were paired with 12 lots with 
"slow” germination, using seed lots from the same state 
whenever possible, and using only lots with high total live 
seed. Soil moisture conditions were excellent for germina- 
tion, Again, considerable damping off was observed. 

September plantings . — It seemed possible that with late 
summer plantings the characteristic of rapid germination 
might be of considerable value. On that basis, 13 lots of 
seed with high germination and low hard seed content 
were blended in equal amounts. Thirteen lots with high 
germination and high hard seed count were similarly 
blended. Fifty rows of each blend were planted on Sept. 1 
in the field, in soil that seemed damp enough for germina- 
tion to occur. However, no rain fell for 2 weeks and the 
temperatures were unseasonably high. On Sept. 14, no 
seedlings had emerged. Starting at that time, however, 


there were 3 days of almost continuous rain. Seedling 
counts were then made, and on further dates as shown in 
table 5, 

As the table shows, no great difference in field perform- 
ance was found in the two lots planted in September, in 
spite of very wide differences in laboratory germination. 
Perhaps this was due to the fact that the seeds were ex- 
posed to high temperature in the soil for a period of 2 
weeks, from Sept. 1 to Sept. 14. 

October plantings . — Plantings on Oct. 1, — a date consid- 
ered highly inadvisable in Michigan, — ^gave, by Oct 18, a 
total of 51% emergence with hard seeded lots, and 62% 
for lots with a small hard seed count. No more than two 
seedlings emerged in any lot after this date. However, all 
seedlings were too small to give a productive stand the next 
spring, even if they should live through the winter. 

Table 6 represents summarized data from the laboratory 
germination studies, and may be somewhat indicative of 
what may be expected in seed samples from various regions 
although the numbers of samples from Michigan, Nebraska, 
and California are small. In the table, all samples received 
directly from the individual state are included, without 
regard to variety, etc. None were older than 1952 seed. 

The results presented in table 6 are self-explanatory. In 
the 17 lots of seed from California, the highest hard seed 
content was 23%. 

Table 7 presents data concerning hard seed content in 
relation to various climatic factors under which the seed 
was grown or harvested. Although the hard seed content in 
relation , to elevation seems complicated by differences in 
rainfall, and harvest dates, seed samples from .the. lower 
elevations were frequently lower in hard seed than were 
samples from higher elevation. 
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Table 7.— Eifect of elevation, irrigation, and time of harvest 
on hard seed content. 


Table 8.— Average hard seed content of samples of 
various varieties. 


State 

Factors 

No. of 
seed 
lots 

Rainfall 

inches 

Hard 

seed 

average 

Variety 

No. of 
lots 

Seed from 

Average 
hard 
seed % 

Range 

% 

Calif.-, 

50 ft. elevation 

2 

18 

13 

Buffalo- - . 

15 

ladho, Wyo., Utah , 

34 

7.51 

Calif, 

150 - - - - 

3 

7 

8 

Grimm- - . 

13 

Idaho, Wyo., Utah 

37 , 

12-58 

Calif. 

500 

4 

7 

1.5 

Ranger--, 

29 

Idaho, Wyo,, Utah, 



Calif.-_-. 

1500--- -------- 

3 

10 

5.3 



S. Dak. - - - .. - - ; 

29 

7-49 

Calif. 

4000 

3 

15 

15 

Ladak - - 

10 

i Idaho, Wyo., S. Dak.i 

38 

17-58 

Wyoming 

4000-4500 

9 


27 

Atlantic- - 

8 

1 Wyo,, Utah- 

■ 42 

27-67 

Wyoming 

4500-5000------ 

8 

— 

38 



t 



Wyoming 

5000-5600 

9 

-- 

41 







Utah 

Wyoming 

Wyoming 

Nebraska 

Nebraska 

Utah 

Utah- 

Idaho-- 

Idaho. 

Utah 

Utah 

Calif 

Calif.. 

Calif.-..- 


Irrigated 

Non-irrigated 

Irrigated 

Non-irrigated 

Irrigated 

Non-irrigated ... 

Irrigated . 

Non-irrigated 

Irrigated 

Non-irrigated . .... 
First cutting- . .... . 

Second cutting 

July-August harvest . 
September harvest. . .. 
Late September 




Samples produced under irrigation seem much the same 
in hard seed count as those produced in dry farming. The 
first cutting seed in Utah seems significantly lower in hard 
seed than that from the second cutting. The effect of har- 
vest date in California was much the same as in Utah. If 
warmer temperatures tend to decrease hard seed, — as indi- 
cated by the effect of elevation, — harvesting at a consider- 
ably later date, and in cooler weather might well do the 
same. Several states sent in samples of several varieties of 
alfalfa seed. The hard seed contents of all samples of 
Grimm, Buffalo, Ladak, and Atlantic and of a reasonable 
proportion of unselected Ranger samples are averaged in 
table 8. 

DISCUSSION 

It is a matter of common knowledge that when it is diffi- 
cult to harvest seed because of rain, a considerable propor- 
tion of the ’'quick” germinating seed may be lost through 
germination in the field, and the viability of the harvested 
seed may be damaged. Further, the scarification of the seed 
coat may well be greater when seeds are threshed in a very 
dry condition, rather than when the straw is damp and 
tough. The inclusion of somewhat immature seeds may also 
decrease the percentage germination, as well as the weight 
of 100 seeds. Thus, the precise characteristics of alfalfa 
seed would be expected to vary considerably from year to 
year in various locations. It was apparent in the samples 
used that the degree of cleaning and removal of small or 
shriveled seeds had considerable bearing on the weight per 
100 seeds, and on percent germination. Thus, the 6 samples 
from Michigan were not certified seed, but were warehouse 
samples, and were not yet finally cleaned. Selection of a 
sample for germination may var}^ Mr. Anderson’s fall 
samples appear to have germinated generally slightly better 
than Mr, Beatty’s spring samples from the same lots. 

The one sample of California alfalfa seed “in the curl”, 
from L. E. Arnold, hand-threshed in Michigan, is of some 


interest when compared with seed threshed with a combine 
from the same field. In each case the hard seed content was 
low. If these seed lots were cleaned ec]ually to remove 
shrivelled seed, it seems likely that they would be indis- 
tinguishable. This result is in sharp ci^iitrast with the seed 
furnished by Mr. Rinckcr, from Wyoming, where hand- 
threshed lots were exceedingly high in hard seed count in 
comparison with combined .samples. 

During late September and early Octitber, accidental 
storage of lOO-seed packets of 37 lots of seed occurred for 
2 or 3 weeks on the rear ledge in an automobile. Here they 
were exposed to high temperatures fnmi the sun. The hard 
seed in these samples was reduced from an average of 33G 
to 1.2^;, Rincker (6) describees his experiments with heat 
treatments that have similarly reduced the hard seed in 
legume seeds. 

The spring and fall germination tests, about 6 months 
apart, indicated no rapid falling oif in germination in the 
samples that were low in hard seeds. Practically all samples 
decreased in hard seed content. 

The laboratory differences in hard seed percentage were 
generally observable in field behavior, although there were 
plenty of exceptions. In the field, these difference.s were 
generally moderated, as illustrated in the results shown in 
table 1 or table 3. In the course of a few days or weeks, 
hard seeds became permeable and germinated, in most cases. 
The advantage of hard seeds, iti patching up the damage 
done by injurious freezing, is well illustrated by the April 
planting. The extreme drought that the May planting 
encoinitered, following a slight shower, almost completely 
destroyed many stands that had sufficient moisture for par- 
tial germination, but not enough for emergence. Although 
almost all lots were severely injured, lots with high per- 
centages of hard seed produced fair stands when rain came 
about a month after planting. 

Drought occurred for 2 weeks after planting in Septem- 
ber, but both lots, high or low in hard seed, germinated 
well when rain came, giving 829c emergence in each case. 

The complications encountered in field-planting, — 
whether of drought, frost, or crusting of the soil, — in this 
region are sufficient to give hard seed in alfalfa consider- 
able agricultural value. Extremely high percentages some- 
times seemed objectionable, although there appears to have 
been no case where even the hand-threshed samples from 
Wyoming with as much as 80 9f hard seed actually failed 
to give a reasonably good stand. It seems reasonable to 
suppose that there are places where quick germination 
would be a decided advantage, as in mild climates on irri- 
gated land. In this experiment, the advantages of samples 
with considerable hard seed were not sufficient to justify 
any serious agronomic objections to seed of low hard seed 
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content in most cases. Nevertheless, the hard seeds provided 
a considerable insurance against late frost and other field 
hazards, and never failed to give a good stand under con- 
ditions where the ’'quick" germinators w^ere successful. 
With samples having few or no hard seeds, there were 
occasional examples of almost complete failure to establish 
a stand. 

The effect of several climatic factors may be mentioned. 
There appeared to be a lower hard seed content in lots 
from low elevations than in those from high. Seed har- 
vested late, in cool weather, appeared to have a higher hard 
seed content than seed harvested in warmer weather, earlier 
in the season. Seed from irrigated land seemed much the 
same as seed from dryland in the same state, but there is 
some suggestion that seed from irrigated areas had less 
hard seed than did seed from humid areas. 

The percentage of hard seed in seed lots of various vari- 
eties from comparable regions seemed much the same, 
although Ranger may have a significantly lower average 
than some of the other varieties. In any case, the hard seed 
content in every variety w^as highly variable and unreliable 
for no apparent reason. 

SUMMARY 

One hundred ninety samples of alfalfa seed were collected 
from several states to include a wide range of climatic con- 
ditions. These w^ere tested for germination and for hard 
seed content in the laboratory in the spring and again in 
the fall of 1954. All lots w^ere planted in the field, at in- 
tervais, including planting dates in April, May, June, July, 
September, and October. The field and laboratory behaviour 
of samples high and low^ in hard seed content were com- 


pared. Heavy spring frosts and two periods of drought 
gave opportunity for study of survival under the natural 
hazards of field planting. Hard seed provided considerable 
insurance under these adverse conditions, A comparison of 
hard seed content of samples from the various states and 
of various varieties and growing conditions was made. Seed 
from low altitudes tended to be lower in hard seed content 
than seed from higher altitudes, and second cutting or late- 
harvested seed seemed somewhat higher in hard seed than 
first cutting or early-harvested. Seed from irrigated fields 
seemed much the same in hard seed content as seed from 
dry-farming fields. Varietal differences in hard seed content 
w^ere small and unreliable. 
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Influence of Soil— Profile Characteristics Upon the Distribution 
of Roots and Nodules of Alfalfa and SweetcloverV 

R. L. Fox and R. C Lipps- 


T he methods of root study develop>ed by Weaver and 
Darland (16) have been used to investigate the distri- 
bution of grass and corn roots in relation to soil properties 
(2, 3). In the present investigation these methods have 
been used for relating legume nodule and root distribution 
to soil profile characteristics. Special emphasis has been 
given available phosphorus, and calcium saturation of soil 
colloids. Calcium and phosphorus are of special interest 
since both are frequently deficient for legumes growing in 
soils of the humid regions. 

REVIEW OF LITERATURE 

Soil pH and percent calcium saturation of soil colloids have 
been given special emphasis as factors affecting legume root dis- 
tribution and development. The roots of a single plant may be 


^ Contribution from the Department of Agronomy, Nebraska 
Agr. Exp. Sta., University of Nebraska. Published with the approval 
of the Director as Paper No. 696, Journal Series, Nebraska Agr. 
Ex'p. Sta. Received March 7, 1955. 

^ Assistant Agronomist and Instructor in Agronomy, 


divided, part in acid soil and part in well limed soil, and the dif- 
ferences in nodulation of the two parts can be shown to be as 
great as on individual plants grown separately in the respective 
soils (1, 7). Little or no radioactive calcium was moved from 
tomato roots supplied with this isotope to roots of the same plant 
not so treated (13). Neither is calcium readily translocated down- 
ward through a root system (14), A number of investigators (7, 
10, 12) have grown legumes in soil with one or more strata limed. 
Fibrous roots and nodules were largely concentrated in the limed 
area. 

The effect of phosphorus on root growdh has been investigated 
much less extensively than has calcium although an improvement 
in nodulation by phosphorus has been reported ( 5). 

The activity of alfalfa roots at considerable depth has been 
demonstrated by deep sampling (4); by measurement of soil phos- 
phorus utilization (9); by observing the effect of deep fertilization 
with nutrient solution (11); and by measurements of soil moisture 
utilization's). 

It is difficult to segregate the various physical and chemical 
factors which influence root distribution and penetration. Woodruff 
and Smith (18) have demonstrated the necessity of placing plant 
nutrients into infertile daypan horizons before roots can be made 
to growf there with vigor. Their results indicate that the lack of 
lime in a Putnam subsoil is of greater significance than is its poor 
physical condition. Synthetic soil conditioners have been used to 
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establish varying degrees of aggregation in locssial top soil and 
parent material (6). The study indicated increased root growth 
and nodulation of alfalfa seedlings as a result of an increase in 
size of aggregates. 

METHODS 
Sampling and Analysis 

Samples of alfalfa and sweetclover root systems were obtained 
from selected field locations using modifications of method de- 
scribed by Weaver and Darlund (16). These modifications con- 
sisted of the use of a sampling box having a larger cross sectional 
area (5 by 10 inches). This facilitated sampling to considerable 
depths without the loss of important roots outside the soil column. 
The back of the sampling box w'as covered with Vi -inch mesh 
hardware doth which permitted washing from Toth ab(.)ve and 
below. The bottom end of the sampling box was fitted wdth a steel 
plate with a cutting edge, which permitted jacking the sampling 
box onto the soil column. Small clods from the face of the column 
may full to the bottom of the sampling box and will prevent a 
snug fit unless they are moistened with a small quantity of water. 
For this purpose it is best to remove the wooden back from the 
sampling box while it is being fitted to the soil ctfiumn. The soil 
column was held firmly in the sampling box by winding small 
cord about the sampling box and soil column. A good practice is 
to sever the soil column from the trench wall fr<un the surface 
downward, winding securely with cord as the operation proceeds 
toward the bottom of the column. The washing process is often 
aided by pre-soaking the soil column. A suitable tank can be made 
of asphalt building felt folded up to form .sides and ends. Plywood 
covered W'ith cotton outing flannel, dyed black, is suitable for 
mounting roots. Wide rubber bands make convenient depth markers. 

Phosphorus was extracted with Bray No. 1 extracting solution 
(0.03 N NHi F d- 0.025 N HCl), Cation exchange capacity was 
determined by a Kjeldahl determination of adsorbed NHd after 
leaching with neutral normal ammonium acetate. Ca, Tfg. and K 
in the ammonium acetate leachate were determined using a Beck- 
man DU spectrophotometer with an oxy- hydrogen flame attachment 
and photomultiplier. Exchangeable H was estimated by the Wood- 
ruff buffer technique (17). The glass electrode was used to deter- 
mine the pH of a soil paste. The particle size distribution was 
determined by the hydrometer method and carbonates were esti- 
mated by a volumetric measurement of evolved CO« at constant 
pressure from acid treated soil. Volume weight was determined on 
soil cores of measured volume at field moisture content. 

Soils Studied 

Four distinctly different soil situations were selected for study 
as fallows: 

L An acid Thurman soil, sampled near Pierce, Nebr., was 
formed from out wash, sandy materials deposited over 
Peorian loe.ss. 

2, An acid Crete soil, developed from Peorian loess, was 
sampled at Agronomy Farm, Lincoln. Nebr. Hiis soil ha.s 
a high content of clay in the B horizon, 

3, Judson soil, with little textural profile differentiation 
developed on acid colluvial material of ioessial origin, was 
sampled at Agronomy Farm, Lincoln, Nebr. 

4, Crofton .soil, formed from highly calcareous Peorian loess 
which was extremely low in soluble phosphorus, was 
sampled near Decatur, Nebr. 

One ton of lime per acre w^as used for liming plots on the Thur- 
man soil. Four tons per acre were used for the Crete and Judson 
soils. The original pH of all soils was 5.3. Final values were 6.3, 
5.7, and 6.3, respectively. 

EXPERIMENTAL RESULTS 

Alfalfa root systems were removed from limed and 
unlimed plots of Thurman soil, one, two and three grow- 
ing seasons after seeding (see figure 1). The essential fea- 
ture of this soil was the acid sandy material which covered, 
to a depth of 3 feet, Ioessial material more adequately sup- 
plied, with calcium, magnesium, and phosphorus (see figure 
I mi table 1), During the first growing season (April- 


iiis 


October) alfalfa roots penetrated more than feet into the 
limed soil. Root branches and nodules were most abundant 
in the 0 to 3 inch depth of this soil, and in the sand ( 27 
to 32 inches) above the locssial material. There were no 
nodules and few fibrous routs between 3 and 27 inches. 
Soil material at this depth gave indications of calcium, 
magnesium, and phosphorus deficiencies. 

In contrast to the rapid initial growth of roots of limed 
alfalfa, those of unlimed alfalfa reached a maximum depth 
of only 36 inches during the first growing season. No 
nodules were observed on these roots. Many of these 
stunted plants did not survive the first winter; however, 
those which remained made excellent growth during the 
second year (.see figures 2-3) and root samples indicated 
that accelerated growth was accompanied by root penetra- 
tion of the loess material which had an adequate supply of 
nutrients. After 2 years, extensive noduiati<m was found in 
the 12 to 24 inch xone, and after 3 years nodules were 
especially abundant at a depth of 24 to 36 inches. Plants 
growing in reduced stand on on limed soil de\’eloped larger 
tap roots than did plants growing in dense stands cm 
limed soil. 

Figure 4 gives the distribution of alfalfa roots from the 
Crofton .soil. This soil was severely puddled in the surface 
6 inches and many fibrous roots and notlule.s were lost in 
the washing process. Very low phosphorus availability was 
an outstanding feature of’ the CTofton profile although the 
relative amount varied greatly with depth as seen in ligure 
4. There was little branching and no nodule development 
between the depths 14 to 60 inches, a region of zero phos- 
phorus availability as measured by .soil test. Many fibrous 
roots and nodules were found above 14 inches and mod- 
erate branching with occasional ruKluies occurred below 60 
inches. 

Root systems of limed and iinlimed sweetclover plants 
frt)m the Crete soil are presented tc>gethcr with associated 
soil properties in figure 3 and lable 2. i:xtensi\'e root 
branching in the surface soil corresponds with the depth of 
plowing. A few nodules, brown anti apparently dead, were 
found on roots growing near the surface of unlimed soils. 
Roots growing in the limed surface soil produced numerous 
small nodules. The acid soil material extending from 8 to 
24 inches offered no physical barrier for rotfl' development. 
This was, how^ever, a region of limited rt?ot branching. 
Sweetclover root.s were much more branched in the subsoil 
high in day below 24 inches, and m)dules w’^ere found on 
limed and unlimed sweetclover below a depth of 42 inches. 

Only isolated plants were available for sampling from 
unlimed Judson soil (see figure 6), The pattern of root 

Table L- — Partide size distribution of Thurman soil. 
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Fig. L- — Root systems of alfalfa taken from a Thurman soil. Root samples are arranged according to soil treatment and year of sampling 
and are presented with some associated soil properties. Samples were taken in October of the years indicated. Roots growing on limed 
soil reached a depth greater than live feet during the first growing season. These roots cannot be distinctly seen in the photograph. 




! development was apparentiy related to burrowing by 

rodents. Limed soils produced plants well nodulated in the 
i surface 6 inches. Below this depth there were scattered 

j noduleSi Root development decreased uniformly with depth. 

discussion: 

¥' ■ 

r The generally high requirement of alfalfa and sweet- 

J clover for nutrients make these plants well suited to a study 

! of the induence of soil properties upon root development. 

^ The importance of various soil horizons for plant nutrition 

may be indicated by the nature and relative abundance of 
• legume roots and nodules within the horizon. Variations in 

j top growth as roots penetrate the various soil horizons may 

also be used as an indicator of the importance of these 
horizons in contributing plant nutrients (figure 2). 

: Phosphorus availability may influence root branching and 

f nodulation. It is evident, however, that legume roots can 

exist at low levels of available phosphorus. Although no 
phosphorus was removed from much of the Crofton profile 
by the weak extractant employed, this soil is abundantly 
supplied with total and 0.1 N HCl soluble phosphorus. It 
is probable that the phosphorus level indicated by the soil 
test does not adequately represent the phosphorus available 
to the alfalfa plant since satisfactory yields of alfalfa were 
obtained from this soil without phosphorus fertilization. 


I 



Fig. 2. — ^Yield from unlimed alfalfa plots, Thurman soil, as per- 
cent of the yield from limed plots for eight cuttings. The initial 
value for the unlimed plots is high because of grassy weeds. 


Nodules developed on alfalfa roots growing in acid soil 
material (Thurman soil) when roots penetrated soil hori- 
zons more adequately supplied with calcium at a lower 
depth. These observations indicate that an upward trans- 
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Fig. 3 .— Alfalfa growth on Thurman soil as influenced by liming 
the surface soil (above) and by the availability of subsoil 
nutrients (below). Photographs were taken of different plots. 
Above: Regrowth after second cutting, first year alfalfa, showing 
marked response to lime before roots of unlimed alfalfa were 
established in the loessial material below' 3 feet. 

Below: Second year, third cutting alfalfa after roots of unlinied 
alfalfa had penetrated loessial material. 
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Table 2,- — ^Particle size distribution and volume w 
Crete and Judson .soils. 


CAT10NS(%0F TOTAL) ALFALFA £XCHAN<^ CAmCITY (m.e./lOOg) 

Fig. of alfalfa taken from an 8 foiit rrionolith oi: Crofton 

soil. T'he cations Ca'; -j- l^lg ' as percentages were obtained by 
difference in the calcareous soil below 1 foot, Aiany fibrous roots 
and .small nodules were h)st from the fniddled surface soil during 
the Washing process. 


than horizons nearer the surface which have more favorable 
physical properties but are less abundantly supplied wdth 
nutrients. Roots may be more fibrous and better nodulated 
in a heavy subsoil (Crete soil) than in the more favorable 
physical environment but less favorable chemical environ- 
ment at a similar depth in another soil (Judson 2 to 3 
feet). 

The surface soil environment is but one set of conditions 
which influence a root system. Thus a study of soil-root 
relationships throughout the depth of root penetration has 
value for making lime and fertilizer recommendations. Ex- 
amples of acid surface soils underlain at shallow depth with 
calcareous material (such as the Crofton soil) are not 
unusual. The wisdom of recx>mmending lime for soils only 
on the basis of a surface sample may be questioned. Con- 
versely, to withhold lime because of abundant calcium in 
the subsoil may be shortsighted. Better noduiation, im- 
proved stands and increased early yields resulted from 


location of calcium may influence nodule development. In 
this respect, calcium saturation does not seem to be par- 
ticularly localized in its effect. 

Heavy subsoils which have an adequate supply of nutri- 
ent cations may be more important for legume nutrition 


Depth 

(inches) 

Crete soil 

Judson soil 

% 

Silt 
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Volume 

Weight 

% 
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% 
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55 

32 
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55 

31 
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55 

34 
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55 

31 
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51 

36 
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33 
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50 

37 
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55 

34 
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37 
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56 

35 
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. 50 

41 

1.30 

52 

37 
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24-28.. .. ■ 

^ 40 

48 

1.36 

54 

37 
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! 40 

48 
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53 

37 

I 1.33 
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36 
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37 
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36 
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43 
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56 

34 

1.31 
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42 

:.■ I:v52'"^^ 

55 

34 

: 1.37 
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1.51 

58 
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1.36 
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.'48':. 

41 

1..5o.-: 

. ■m"’. 

32 
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liming add soils even when their subsoils were adequately 
supplied with calcium. ^ 

SUMMARY 

A study was made of the influence of exchangeable cal- 
cium, available phosphorus, and soil texture in the profile 
of four Nebraska soils on root development and nodiila- 
tion by alfalfa and sweetclover. 

The development of alfalfa root systems growing on 
limed and unlimed add soils was studied for 3 years. Dur- 
ing the first season alfalfa roots penetrated more than 5 


feet into the limed soil, while those of unlimed alfalfa 
reached a maximum depth of only 36 Inches. Unlimed 
alfalfa was very unproductive during the first year but be- 
came progressively higher during the second and third 
years. Root samples indicated that accelerated growth w^as 
accompanied by root penetration of soil material below 3 
feet which was better supplied with nutrients. Root and 
nodule development reflected the availability of soil nutri- 
ents in the various horizons. 

Nodules and fibrous roots of alfalfa were abundant in a 
surface soil which contained a small amount of available 
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Fig, 5. — Roots of second year (May) sweetclover taken from a 5 -foot monolith of Crete soil and some associated soil properties. Roots from 

the unlimed plots were not representative of the entire plot area. 
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Fig, 6.— Roots of second year (May) sweetclover taken from a 5-foot monolith of jiidson soil and some associated soil pniperties, 

system from the unlimed plot came from an isolated plant 
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phosphorus. These were lacking in the calcareous subsoil 
where no available phosphorus could be detected. 

Sweetclover roots were better developed and nodules 
more numerous in the clay subsoil of a Crete profile than 
in soil material nearer the surface. Roots and nodules were 
also better developed in the Crete clay subsoil than at a 
similar depth in a Judson soil The Judson soil and upper 
horizons of the Crete soil gave evidence of a more favor- 
able physical environment but the clay subsoil of the Crete 
profile was' more adequately supplied with nutrient cations. 
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Climatic Factors and Corn Yields in Texas Blackiands*^ 

R. P. Bates- 


C ORN yields on upland soils in the Blackland Prairie 
of Texas seldom exceed 60 bushels of grain per acre. 
Lack of moisture during the growing season is usually con- 
sidered to be the limiting factor. Experiments conducted at 
the Temple Experiment Station, in which abundant mois- 
ture was applied by irrigation, have produced corn yields 
of about 90 bushels per acre. In such experiments fertilizer 
applications, plant populations, and cropping systems have 
been varied in an effort to eliminate these as limiting 
factors. These results indicate that climatic factors such as 
temperature, humidity, frequency of rains, number of 
cloudy days, and number of hot winds are limiting corn 
yields in addition to total amount of seasonal rainfall. To 
gain more knowledge of the factors involved, a study was 
made of relationships between several climatic factors and 
corn yields. 

REVIEW OF LITERATURE 

Several reports have been published concerning effects of cli- 
matic factors on corn. In most cases rainfall and temperature effects 
on inbred lines of corn were studied, Jenkins (3), Lonnquist and 
Jugenheimer (5), and Heyne and Brunson (2) reported effects of 
high temperatures and drought on growth and seed- set of inbred 
lines. Tatum and Kehr (7) found a very close relationship between 
seed-set and temperatures and humidities at pollination time. 
They suggested that temperature and humidity influence pollina- 
tion indirectly through their effects on evaporation and transpira- 
tion. Basile (l) reports that drought periods in the northwest 
corner of the corn belt definitely reduce yields for years of drought, 
and in some cases even for the following year. 

Time of year where shortage of moisture appears to do greatest 
damage is during the pollination period. Robins and Domingo (6) 

^ Contribution from Texas Agr. Exp. Sta. Substation No. 5, 
Temple, Tex. This work wuis cooperative with the Soil and Water 
Conservation Research Branch, Agricultural Research Service, 
USD A. Received March 12, 1955. 

® Former Assistant Agronomist, Department of Agronomy,^ Texas 
A. and M. College, College Station, Tex., and located at Temple, 
Tex.; now with the Noble Foundation, Ardmore, Okla. 


found that if plants were allowed to wilt for 1 or 2 days during 
this period, corn yields were reduced as much as 22%, and if 
wilting continued for 6 to 8 days, yield reductions of as much as 
50% resulted. Yield reductions \vere related to maturity of grain 
at the time wilting occurred. 

Kiesselbach (4) found highly signiffcant correlations between 
corn yields in Nebraska and the following factors: mean tempera- 
ture during June, July,, and August; annual precipitation; precipi- 
tation during June, July, and August; seasonal evaporation; mean 
seasonal relative humidity; as well as several other factors. Evapo- 
ration, temperature, and humidity gave the highest correlations 
with yields. 

materials AND METHODS 

Data on climatic conditions and corn yields \vere taken from 
records of Texas Substation No. 5 at Temple. Records were avail- 
able for the 4 1 -year period from 1913 through 1953:* with a few 
exceptions where data for the first 2 or 3 years were not available. 
Climatic factors studied were rainfall during several periods of 
each year, mean maximum June temperature, number of rains in 
June, mean relative humidity in June, evaporation in June, number 
of cloudy days in June, and number of hot winds in June. Since 
corn grown in this area is pollinated during June, most of the 
climatic variables for this month are of possible interest. 

Yields used in this study were obtained from annual reports. 
A mean yield was secured for each year by averaging yields of the 
ten highest yielding varieties or hybrids in the variety test each 
year. The top ID varieties were used instead of all varieties because 
number of entries varied during the 4 1-year period, and higher 
yielding varieties and hybrids were tested for longer periods of 
time while the lower yielding ones were discarded after a year or 
two of testing. Since the lower-yielding entries were excluded from 
the calculations, results of these correlations might be buffered 
against extremes, especially In years with extremely unfavorable 
climatic conditions. No doubt some variation existed from year to 
year due to previous crops, fertilizer treatments, and improved 
varieties and hybrids of corn. In most years, experiments were 
conducted with fertilizer treatments and cropping systems. In such 
cases three or four of the highest yields from these experiments 
were included in obtaining the yearly mean. The development of 
corn hybrids might have resulted in higher yields during the last 
15 years; however, according to the records, some of the highest 
yields were produced before hybrids were introduced. Perhaps 
decline in soil productivity has to some extent counteracted the 
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Table 1. — Relationships between several climatic factors and corn yields at Temple, fex., 1913-53. 


Climatic factor or factors correlated with yield i 

Degrees of 
freedom 

Correlation 

coefficient 

Coefficient of 
determination* 

Mean maximum June temperature . . - - 

39 

-0.792‘2’*‘^' 

62.8 

Evaporation in June - ~ ^ 

37 

- .7920^^^ 

62.7 

Mean relative humidity in June : . - 

37 

.7906** 

62 . 5 

Number June rains — 

37 

.6438** 

41.4 

Total June rainfall - - 

39 

.5506’'^ 

30.3 

Total rainfall from Oct. 1 to Aug. U - 

38 i 

.5477^* 

30.0 

Number cloudy days in June.. _ „ .. - - . 

... 37 ! 


21.7 

Number hot winds in June _ 

34. 

— .0057 

— 

Mean maximum temperature and mean relative humidity in June 

:.37 

' .8433*-* 

71.0 

Mean relative humidity and evaporation in June . . - U 

37 

.8359’^’^ 

69.9 

Mean maximum temperature and evaporation in June 

37 ■ 

.8257=^=^ ! 

68.2 

Mean maximum temperature and total rainfall in June 

39 

.7989=*'-^- 

63.8 


' Coefficient of determination is obtained by squaring the r or R value and nuiltipl\dng i»y 100. ‘Hie %-aiHe iiiditaies the {leiceniage of varieJivui in yield accounted 
for by variation in the other factor or factors involved in the correlation coefficient. 

Indicates that r and R value equals or exceeds that required for a probability of 0.01, 


elLect i>f c\n-n hybrids. Since the top-yieldin,i; varieties, fertilizer 
treatments, and cropping systems were used in obtaining the rnean 
yields, they are higher than average corn yields under general 
farm conditions. They should serve, however, to show the effects 
of various climatic factors over a period of years. 


RESULTS 



During the 41-year period, yields ranged from 4.2 to 
57.4 bushels per acre. Mean maximum June temperatures 
ranged from 86.0 to 99.9 degrees Fahrenheit, while mean 
relative humidity varied from 53.7 to 81.7^7, June rainfall 
varied from 0.08 to 8.72 inches, and total rainfall from 
Oct. 1 to Aug. 1 varied from 9.5 3 to 50.66 inches. Number 
of June rains ranged from 1 to 14. 

Table 1 shows that all factors studied are associated with 
yield except the number of hot winds. Mean maximum 
June temperature gave the highest correlation coefficient 
among the single factors. Mean relative humidity and evap- 
oration also showed a high degree of correlation with yield. 
The number of rains in June .showed a higher correlation 
with yield than did either total June rainfall or total rain- 
fall from Oct. 1 to Aug. I. Number of cloudy days in June 
did not show a high association with yield. Multiple corre- 
lation coefficients calculated among pairs of climatic factors 
and yield indicate that over 700 of yield variation was 
attributable to the mean maximum June temperature and 
mean relative humidity in June. 

Rainfall data at Temple indicate that distribution of 
moisture during the growing season is more important in 
corn production than the total amount of moisture dur- 
ing the season. In data given thus far, only rainfall in 
June and rainfall from Oct. 1 to Aug. 1 were mentioned. 
These two periods gave the highest correlation coefficients 
among several periods. When either May or July rainfall 
was added to June rainfall, the correlation coefficient was 
reduced. Rainfall during all the periods studied was sig- 
nificantly correlated with corn yields except for the period 
from Sept 1 to March 1. This period was included to 
determine if pre-planting moisture alone was related to 
yields. 

Mean maximum temperatures obtained for weekly peri- 
ods in June and July did not give as high a correlation 
coefficient in any week as did the mean for the whole month 
of June. Table 2 shows, however, that correlation coefii- 
cients increased during the third and fourth weeks in June 
and then declined very rapidly in the first and second 


Table 2.— CorreiatiiMis between weekly mean maximuni tem- 
peratures and torn yields at Temfde. Tex., 1913-53. 


Weekly period 

DegrcM*.^^ 

of 

freedom 

(*orn4atinn 

coefri(*i(*nt 

Coefficient 
f ff de- 
termination 

June l-7\,., . . 

38 


15. 2 

June 8 15 

■ 38 

' . 5229 1 

27,3 

June 16-23 

■ im ■ 

: : x7i)n2‘^^ I 

49.0 

June'24“-30 . . i 

. . 38 

.,7303** 

53.3 

July. 1-7.. 1 

■ 38 

- .4290** 

1 18.4 

July 8-15 | 

.. , 38 . 

: -- .0871 

0.8 


weeks of July. Since most of the corn in the Temple area 
is pollinated about, or just prior, to the middle of June, 
the pollination period and the filling-out stage immedi- 
ately following pollination appear to be the mo.st critical 
stages with respect to high temperatures. 

Table 3 shows that close relationships existed between 
mean maximum June temperature, mean relative June hu- 
midity, and mean June evaporation, Rainfal! was not as 
cl(>sely correlated with mean relati\e hiiniidity as was mean 
inaximum teinpcrature. Nuinber of rains in June wais not 
correlated as closely with relative humidity as was total 
rainfall in June. This \vas surprising since the nujriber of 
June rains Nvas correlated mor^^^ cK^sely with corn yields 
than w'as total June rain ^ 


DISCUSSION. 


Even though total rainfall from Oct. 1 to Aitg. 1 was 
not a$ closely corredated with corn yields as was relative 
humidity, rainfall apparently accounted for more yield vari- 
ation in years of extremely low rainfall. If seasons with 
less than 22 inches of rain between Oct. 1 and Aug. 1 
were excluded, the correlation coefficient indicated that 
there was no correlation between rainfall and corn yields. 
The results obtained indicate that total rainfall from Oct. 
1 to Aug. i has a pronounced effect on corn yield up to 
a certain level. After this level is reachetl, such factors as 
temperature, humidity, and distribution of rains have more 
effect. In the case of June temperature and humidity a 
higher correlation was shown with extremely high temper- 
atures and low humidities; however, some correlation w^as 
shown with the lower temperatures and higher humidities. 
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Factors correlated 

Degrees of 
freedom 

Correlation 

coefficient 

Coefficient of 
determination 

With mean maximum June temperature: 




June rainfall - . - , 

39 

“0 5848** 

34 .2 

Rainfall from Oct. 1 to Aug. 

38 

— 4598** 

21.1 

Mean relative humidity in June 

37 

- .7616** 

58.0 

Evaporation in June ^ 

37 

.8136** 

66.2 

Relative humidity and evaporation in June 

37 

,8659** 

73.3 

With mean relative humidity in June: 




Evaporation in June - - . _ 

37 

- .7920** 

62.7 

June rainfall _ _ _ __ 

37 

.5966** 

35.6 

Number of rains ill June _ 

37 

.3489* 

12.2 


The correlations with temperature w^re negative while 
those \vith humidity were positive. 

Temperature and humidity are probably acting as one 
factor in affecting transpiration from corn leaves, evapora- 
tion and drying of silks, desiccation of pollen grains, and 
prevention of fully-developed corn grains. If there is a 
shortage of moisture, the plant and yield will be damaged 
from these causes, With available moisture in the root 
zone, however, the plant might still suffer if temperature 
and humidity are such that evaporation and transpiration 
rates exceed absorption and translocation rates. The amount 
of damage might be affected to some extent by the hybrid 
being grown, since there is some evidence that inbred lines 
of corn differ in freedom of waiter movement in the plants 
and in their ability to resist heat and drought. In some 
cases soil conditions might affect the amount of damage 
by affecting root extension and availability of moisture. 

Perhaps the best w^ay to avoid the worst effects of high 
temperature and low humidity is to advance the pollina- 
tion period far enough into May so as to escape these 
adverse conditions. Usually temperature and humidity are 
much more favorable during the last wrecks of May and 
first w^eek of June. In most years, a 2-w^eek earlier pollina- 
tion period w^oiild escape most of the unfavorable condi- 
tions, This earlier pollination period might be accomplished 
by earlier planting* however, most of the corn in this area 
is already planted as early as possible and still escape cold 
injury. This difficulty might be overcome to some extent 
by developing corn hybrids that are more tolerant to cold, 
moist soils during germination and in the seedling stage. 
Such hybrids might be planted a week or two earlier. An- 
other possibility for advancing the pollination period is 
by planting earlier-maturing hybrids. Some hybrids already 
have bene developed that are as much as 1 week earlier 
than the commonly-grown hybrids. Since inbred lines are 
knowm to have diferentiai responses to heat and drought, 
it should be possible to develop hybrids better able to with- 
stand these extreme climatic conditions. 

Another possible way to reduce effects of high tempera- 
ture and low humidity is to improve soil conditions so 
that more moisture may be stored in the soil, since abun- 
dant available soil moisture wdll reduce damage from high 
transpiration rates. Improved soil conditions would no 
doubt increase development and distribution of roots. This 


should tend to increase absorption rates and minimise the 
effects of high temperatures and low'* humidities. 

SUMMARY 

To obtain a better understanding of climatic factors linv « 

iting corn yields, correlation coefficients were calculated 
between several climatic factors and corn yields during a 
41 -year period from 1913 through 1953. 

Mean maximum temperature, mean relative humidity, 
and evaporation in June (the month in which corn is usu- 
ally pollinated) were very closely correlated wdth corn 
yields. These three factors were closely correlated with each 
other, and since evaporation is dependent on temperature 
and humidity, the latter tw'o factors appear to be those 
affecting corn yields. Each of these factors was more closely 
correlated with corn yields than was rainfall at any period p 

of the year. The number of rains in June showed a higher | 

correlation wdth yield than did any other rainfall factor. 

Rainfall in June w^as correlated more closely wdth yields i;:! 

than total rainfall during any other period. If rainfall dur- { 

ing more than 1 month was considered, the period from ' 

Oct. 1 to Aug. 1 showed the highest correlation with yields. 

Number of cloudy days in June wais not closely correlated 

wdth corn yields and the correlation which existed was prob- i; 

ably due to effects of rainfall, humidity, and temperature. 
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Evaluation of Combining Ability in Dactylis glomerata L. 
III. General and Specific Effects' 


R. R. Kalton and R. C* LeRei- 


C URRENT concepts regarding general and specific conv 
billing ability and their significance in crop breeding 
have evolved primarily through fundamental investigations 
with corn. Extensive results show that combinations of 
inbred lines proven high first in general and then in spe- 
cific combining ability are successful in production of supe- 
rior hybrids. In most cross-pollinated forage crops, on the 
other hand, the ultimate breeding objective is a superior 
synthetic variety wdth persistent advanced generation per- 
formance. Most studies in forage breeding up to now have 
centered on evaluations of general combining ability. Little 
is known regarding specific crossing eft'ects and their poten- 
tial importance in the development and performance of 
synthetic varieties. This report represents an attempt to 
provide additional information on the latter point by analy- 
ses and interpretation of data obtained from a test of all 
possible single crosses among 11 clones of orchardgrass^ 
Dactylh glomerata 

REVIEW OF LITERATURE 

Sprague and Tatum (10) defined general combining ability as 
the average performance of a line in hybrid combinations, attri- 
butable largely to additive genetic effects. Instances where certain 
crosses performed above or below expectations based on average 
performance of the lines involved were designated as specific com- 
bining ability. Dominance and epistatic effects of genes were con- 
sidered as possible contributors to such performance. In single 
cross tests of lines previously selected for test cross merit, they 
found that variance was generally greater for specific than for 
general combining ability. Converse results were obtained in single 
cross tests of lines unselected for combining ability. 

Roj as'* developed mathematical models and formul ae for deter- 
mining variances of general and specific combining ability and their 
interaction with years and locations for a group of experiments 
involving all possibie single crosses among n inbred lines of corn. 
In a subsequent publication, Rojas and Sprague (9) analysed 15 
such single cross tests, 13 of which showed u greater variance for 
specific than for general combining ability. Interactions of general 
combining ability with years and locations were consistently 
smaller than those for specific combining ability, indicating that 
information on the latter will often be lower in predictive value 
than information on average test cross performance. They inter- 
preted their results to mean tliat variance for specific combining 
ability was strongly affected by genotype-environmental interactions 
as well as by dominance and epistatic effects. 

Several reviews pertaining to evaluation of combining ability in 
forage crops are available (3, 5, 7). Some studies are cited where 
differences in single cross performance were obtained in several 
grasses and legumes. In one instance Bolton (l) evaluated all 
possible single crosses among 13 inbred and among 13 non-inbred 
alfalfa clones for forage and seed yield and found differences in 
specific combining ability. He discussed possibilities of using only 

^ Contribution from the Agronomy Department, Iowa Agr. Exp. 
Sta., Ames, Iowa. Journal Paper No. J-2729, Project 1178. Re- 
ceived March 18, 1955. The authors are grateful to Dr. M. G. 
Weiss for valuable assistance in the planning of this investigation. 

^Asitociate Professor of Farm Crops and formerly. Graduate 
Assistant in Farm Crops, now Agronomist, Field Crops Research 
Branch, A.R,S,, U.S.D.A., College Park, Md., respectively, 

! B. A. Analysis of a group of experiments on combining 
ability in corn. M.S. Thesis, Iowa State College, 1951, 


a few testers \foi: evaluating combining ability of selections rather 
than having to luake and evaluate all possible single crosses. 
ICnowies (7) isolated: general and specific combining ability vari- 
ances in dialiel. crosses aoiong one group of seven bromegrass 
clones, and three 'groups of nine, seven, and seven crested ■, wheat- 
grass clones. A\'erage variance v,‘'as about JU times greater for 
specific than for gencTa! C{:imbining ability in lire bromegrass test. 
Presence of variable numbers i>f inbred plants in the progenies was 
thought to have influenced the results. Specifk combining ability 
of a plant for forage yieki showed little relatjonship to a\erage or 
general conibining ability perforrnance in cftvsses. In all three 
wheatgrass tests tlie average variarictf was greater for general than 
for specific combining ahility, and clones high in yield in specific 
crosses also were high in average single cfc»ss .peid'oriYuince. 

Johnson (3) ernpliasii^ecl the need for additional information on 
the relatitinships iUiKing general and specific emnbining ability 
: evaluations and synthetic variety performance in forages.- In a study 
of relation.sbip between number of parental lines and theoretical 
performance cd syntlietie varieties of corn, Kirunan and Sprague 
(6) found that F'j yields of all possible single crosses among 10 
inbreds -were closer -to .:aritii»ietic than to gt:ometric expectations. 
Depending on the nature of gene ai. lion, tlieoivtical caiculations 
showed fcHir to six liries tcc b(Y uost suitable number for 
recombination into a synthetic on the i>asiN results in their study. 
They pointed out that higher yielding synthetics prohahly could 
be obtained from recombining high combining Sj rather than ad- 
vanced generation inbred lines. Lonnquist (8) summarized avail- 
able inf onnation on synthetics in corn. He noted that most showed 
no superiority over open-pollinated varieties with the exception of 
one prod ucecl by recombioiog eight high cianbining inbreds at the 
Minnesota Station, In his envn studies, a synthetic of eight Si lines 
high in topeross performance exceeded the parental variety, Krug, 
in yield in both Syn-2 and Syn-3 generatiisns. Of particular interest 
to forage breeding was the deiiiiction that Sj lines proven high in 
general combining ability offered greater promise for deYeIi>ping 
high yielding synthetics than long-time inhrevis where specific 
cximbining iibiiity effects assumed greater significance. 

Research on synthetic varieties in forages has been most exten- 
sive with alfalfa. Graumann (2) revievveil this work pointing out 
that sei^x■tion of lines to incorpt>rate into synthetics was Based on 
polycross and other types of outcross po»g«; ny |H*rforniance, A 
number of synthetic.s outyielded opempolHnattsl check varieties, 
with 2-done generally better than nuiltidonc combinations in 
Syn-1. Howevef, rate of decline in >ield in Syn-2 and Syn-3 
appeared inversely pniportional to number of parental done.s. Six 
orchardgrass recamhinatiims of 4 to IP clones xinnlar in general 
combining ability were studied by Weiss, e/ J, (II). No elfect of 
parental done number either on average agronomic merit or change 
in pcu'formance from Syn-I to Syn-2 was observed. Also, no decline 
in vigor, disease resistance, or leafiness from Syn-I to Syn-2 was 
noted even fur tiie 1 -done synthetic* 

In a sw’eetdover study, Johnson and Hoover (-1) compared mean 
polycross (Syn-i ) performance of four groups of Si lines selected 
for high, medium high, medium low% and low general combining 
ability on the basis of an So open-pollination progeny test. Mean 
Syn-1 yields w’ere 132, 115, 125 and 87CT, respectively, of the 
parental variety, Madrid, thus indicating a positive relationship 
between general combining ahility and synthetic performance. 

The So clones used to produce the single cross progenies for this 
study were selected from long-time stands in lowxi on the basis of 
phenotypic desirability. Though repre.senting a range in donal per- 
formance, they were essentially unselected for combining ability. 
Single cross seed was produced in 1949 in paired plantings of all 
possible combinations among the 11 clones by mutual pollination 
under parchment bags. Progenies of the 55 crosses were established 
in August 1949 in 4 by 5 foot broadcast plots, each of which was 
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Table I. Analyses of variance of green forage yields and bloom dates of diallel crosses among 11 So clones of orchardgrass in 

1951, together with mean square expectations. 


Source of variation 

D.F. 

Mean squares 

Expectation of 
mean square 

Forage yield 

Bloom date 

Replications.. _ 

Single crosses _ _ _ 

Among clones- ’ - - , „ 

Within clones among testers . _ „ _ . : „ . 

Replications X single crosses „ _ _ _ . „ _ . „ 

2 . 

54 

10 

44 

108 

19.28*^ 

0.76** 

1.99** ! 

0.48 

0.35 

10.85 

18.30** 

78.53** 

4.61 

5.10 

S-E-|-rsTs+r(t-2) s‘% 

S-E+rs^s 

S-E 


•^*P<0.01; 


surrounded by a smalT border of timothy. A number of single 
crosses involving eight additional clones together with polycross 
and topcross progenies of all parents were included in the same 
test. The planting arrangement was a randomized block with three 
replications. A general discussion of previous clonal history and of 
outcross progeny performance for all entries in this test is pre- 
sented elsewhere (5). 

Progenies were evaluated for live different characters. Barly 
spring vigor and leaf disease intensity were scored on a relative 
basis of (1) least to (10) most. Date of bloom was recorded as 
the calendar date when 50% or more of the panicles in a plot 
were shedding pollen. Panicle number was determined by actual 
count of a 2 -foot square area in the center of each plot, while 
forage yield on a green weight basis was measured for a center 
3- by 5'foot section. Data on the first three traits were obtained 
only in 1951. Panicle number and forage yield (two cuttings per 
year) were measured in both 1951 and 1952. Analyses of variance 
of all data were made using procedures outlined by Rojas.'^ 

EXPERIMENTAL RESULTS 

Analyses of variance typical of those used herein are 
presented in table 1 for forage yield and bloom date in 
1951, together with appropriate mean square expectations. 
Mean differences among single crosses were highly signifi- 
cant (P < 0.01) for all traits except spring vigor where 
the F value only exceeded the 5% level. Of greater inter- 
est, however, were the results of partitioning the mean 
squares for single crosses. Variability in mean performance 
of each clone crossed with the other 10 provided an esti- 
mate of general combining ability variance (among clone 
variance) and all proved highly significant (P < 0.01 ) . 
The residual variance (within clones among testers) rep- 
resents the pooled variation of particular crosses involving 
each clone from the clonal average and is a measure of 
specific combining ability effect This variance was statisti- 
cally significant in only one of nine analyses— that for dis- 
ease score. 

The interaction of single crosses with years is another 
part of the analyses meriting consideration. The general 
combining ability X years interaction was significant at 
the 5% and 1% levels for forage yield and panicle num- 
ber, respectively. In neither case was the specific combin- 
ing ability X years interaction significant. Additional infor- 
mation was obtained by isolating the interaction variance 
components on the basis of mean square expectations as 
follows : 

Mean square 

years X among clones z=: + rs^^y + r(t-2) s\,y 

Mean square 

years X within clones among testers n + rs-^y 

* Op, cH. . f ' 


Table 2.-“Variance ratios based on general and specific conv 
bining ability components from the analyses of variance. 


Characteristic 

Variance ratios (%) 

G.\ 

Gs 

Ge 

Spring vigor score _ _ 

15.1 

5.5 

79.4 

Disease score .. „ _ - 

37,6 

23.4 

39,0 

Bloom date-.. .. _ . . .. .. _ 

52.6 

-1,5 

48.9 

Panicle number: 

1951-.: 

28.7 

1.9 

69.4 

1952_ 

36.5 

-2.4 

65.9 

1961-52 

42.3 

1.8 

56.9 

Green forage yield: 




1951_ 

23.5 

7.8 

68.6 

1952 

15.4 

7.7 

76.9 

1951-52-..-. 

21.1 

9.2 

69.7 


where is the mean square for years X single crosses X 
replications, r is replication number, and A is clone (tester) 
number. Resulting variance components were as follows: 

Panicle number Forage Yield 
sv 77.69 0.015 

-54.12 0.013 

These values further indicate that the interannual incon- 
sistency in performance for general combining ability in 
this test tended to be greater than for specific combining 
ability, particularly for panicle number. This is contrary to 
similar comparisons in corn (9). 

Variance components from the analyses were utilized in 
another way to interpret the nature and extent of general 
and specific combining ability effects. For this purpose, 

Rojas and Sprague (8) suggested the following formulae: 

Ga = ^ X 100; Gg = -^ X 100; and Gj, = -^ X 100 

where T z: 2s-g + <+• s-jr. 

Additive genetic effect or heritability in the narrow sense I 

is estimated by while Gg estimates non-additive or spe- • 

cific combining ability effects. G^ is the environmental com- | 

ponent or proportion. Variance ratios obtained by use of I 

these formulae are given in table 2. Spring vigor score and 
forage yield, which were significantly correlated In this ' ; 

study, both were relatively low in percentage of additive | 

genetic variance and influenced to a great extent by experi- | 

mental error. Variance ratios for general combining ability \ 
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Table 3 — Two-year means for single cross combinations of parental clones dassilied as high or low in general combining ability on 

basis of polycross and topcross progeny performance. 



Progeny test 




Character 

used for 

High X High 

High X Low 

Low X Low 


classification 

3 crosse.s 

9 crosse.s 

3 cros.ses 

Panicle no. 

Polycross 

82.6 

53.8 

23.4 

Topcros.s 

79.7 

; 50.2 

26.1 

Forage yield (lb.s.) .. 

_ Poly cross 

Topcross 

5.07 

4.99 

! 

1 4.86 

1 4.74 1 

■ , 1 

4.19 

4.24 


for these traits were about two to three times greater than 
for specific combining ability. Heritability for panicle num- 
ber was about twice that for forage yield, though environ- 
mental effects were still relatively large. The highest per- 
centage for Ga was obtained for bloom date, while leaf 
disease intensity expressed effects of both general and spe- 
cific combining ability. Generally, these results signify that 
specific combining ability is of considerably less importance 
than general combining ability in this material, and that 
additional replication and better experimental control are 
needed to reduce environmental influences on mean 
performance. 

Each clone involved in the dtallei crosses also was repre- 
sented! by duplicate polycross entries and a topcross entry 
in the same test. In order to relate general combining abil- 
ity to specific cross performance, the top three and the bot- 
tom three clones were selected on the basis of polycross 
and topcross progeny performance for panicle number and 
forage yield. Two-year means for the appropriate single 
cross combinations of high by high, high by low, and low 
by low are found In table 3. These data show that clones 
high or low in general combining ability also produced 
crosses w/er .re which were high or low, respectively, in 
mean yield and panicle number. Crosses between high and 
low combining clones w^ere almost intermediate in average 
performance for panicle number which is suggestive of 
strong additive genetic effect. Mean yields of the high by 
low crosses approached closer to the high by high groups, 
indicating some non-additive or dominance influences. 


would have little chance of occurrence or expression in any 
progeny consisting of a mixture of many genotypes. This 
would be especially plausible when considering highly poly- 
genic characters. If this latter explanation holds, evaluation 
for specific combining ability in noa-inbred or even 
material in a breeding program with cross-pollinated for- 
age crops would hardly prove worthwhile. Realistically, 
it also should be painted out that single cross testing is 
recognized to have decided limitations with most such 
crops because of the difficulties and expense of pollination 
control. 

Another factor to consider is the reiatiooship between 
combining ability and synthetic variety performance ( 3, S). 
In corn and alfalfa, selection for high general combining 
ability has led to production of high yielding synthetics. 
Selection for high specific combining ability, on the other 
hand, may give a high yielding synthetic in Syn-l, but 
dissipation of non-additive genetic effects may lead to un- 
wanted declines in performance in Syn-2, $yn-3, etc; Iviuch 
more information is needed in this area of forage breeding 
to determine the correctness of these interpretations. Mean- 
while, on the basis of practical and genetic evidence at 
hand, selection for high general combining ability appears 
more worthy of attention and more promising than selec- 
tion for high specific combining ability if the ultimate goal 
is a superior synthetic wiriety. Increased study of the sig- 
nificance of progeny X year and progeny X location inter- 
actions in such evaluations also seems merited, judging 
from the results obtained herein. 




. discussion; 

Considering all results presented herein on agronomic 
performance of the 55 single crosses, it is evident that 
appreciable differences in general combining ability exist 
among the parental clones. Effects attributable to specific 
combining ability generally were either much lower in 
magnitude or not apparent, except in the case of disease 
score. Since the parental clones were essentially unselected 
for combining ability, such results , might have been ex- 
pected considering findings in corn (10). 

Failure to find significant expressions of specific combin- 
ing ability for all traits but one in this study may have 
been due to several factors. Lack of sufficient replication 
and resultant high experimental errors very probably was 
one of the potent reasons. The genetic nature of the par- 
ental material may have been another. All clones were 
non-inbted and presumably highly heterozygous. Thus, 
single cross progenies would be comparable to those of 
, double crosses or crosses of tw^o S,^ plants in corn from a 
; , genetic standpoint. Under such conditions, it is highly 
; , probable that decidedly superior or inferior combinations 


■ ■ 'SUMMARY . ' 

All po.ssible single crosses among i I non -inbred clones 
of orchardgrass were evaluated for early spring vigor, leaf 
disease reaction, and bloom date in 1 year and for panicle 
production per unit area and forage yield over a 2-year 
period. Variances attributable to general combining ability 
were greater than for specific combining ability in ail com- 
parisons. Disease score was the only trait exhibiting sig- 
nificant specific combining ability. Expression of general 
combining ability differences among clones was inconsistent 
over the 2 years as indicated by significant among clones X 
years variances for both yield and panicle number. Appli- 
cation of the results to evaluation of combining ability in 
breeding of cross-pollinated forage crops was discussed, 
together with implications pertaining to development of 
synthetic varieties. 
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Variability and Inheritance of Reaction of Barley 
to Race 15 B of Stem RusL 


John D. Miller and J. W. Lambert- 


A LTHOUGH yield reductions in barley due to black stem 
rust, Pucama gramhus, Hriks., and Henn. have not 
averaged very high in the past, there are, nevertheless, sev- 
eral reasons why additional research is needed on this dis- 
ease. Losses in certain years have amounted to 10 or 15% 
for entire states or the United States as a whole. More- 
over, the sudden increase in prevalence of race 15B has 
made it desirable to determine sources of resistance to it 
and the mode of inheritance of this resistance as well as 
the degree of correlation of reactions of barley varieties 
at various stages of growth under different environmental 
conditions. This paper reports such studies. 

REVIEW OF LITERATURE 

Black stem rust has been studied much more intensively in wheat 
than in barley because of the greater economic losses in wheat yield 
and quality. Several reviews have been prepared which sum- 
marize tlie information on resistance of wheat to black stem rust (1, 
4, 10), Others have reviewed the literature on the eflx*ct of envi- 
ronmental factors on stem rust reaction'f ( 2, 4) . Hart has consid- 
ered the nature of resi.stance of wheat to stem riLSt (3). 

Smith (6) reviewed the literature on inheritance of stem rust 
reaction in barley. In mo.st cases investigators report resistance to 
be governed by a simple dominant gene that was located originally 
in Chevron, C.I. Ill I and Peatlund C.I, 5267, which are sister 
selections. Andrews* also found one factor governing resistance. 

' Contribution from the Department of Agronomy and Plant 
Genetics, Lmiversity of Minnesota, St. Paul, Minn. Paper No. 3333 
Scientific Journal Series, Minnesota Agr. Exp. Sta. Includes part 
of a thesis submitted in partial fulfillment of the requirements for 
the Ph.D. degree at the I'niversity of Minnesota by the senior 
author, June, 1953. Received April 4, 1955. 

" Formerly Research Assistant, University of Minnesota, now 
Assistant Professor, Kansas Agr. Exp. Sta. and Associate Professor, 
University of Minnesota, respectively. The authors express grateful 
appreciation to Dr. J. J. Christenson, Head of the Department of 
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Shukla, T. N. Variability in resistance of certain wheat varieties 
to Puccinia grctmhus tYUici race 1 5. Ph.D. thesis. University of 
Minnesota. 1951. 

^ Andrews, J. E. Inheritance of reaction to loose smut and to 
stem rust in barley. Ph.D. thesis. University of Minnesota. 1954. 


Smith (6) reviewed the literature on the relationship between the 
reaction of barley to stem rust at various stages of growth. Most 
investigations have found a close relationship between reactions of 
seedlings and adults particularly to the same race of stem rust. 

Patterson’* reported a study of stem rust on barley using 69 vari- 
eties and additional segregating material tested with races 17, 19, 
and 56 of stem lust. He found resistance to be conditioned by a 
single major factor plus one or more modifying factors in a cross 
of Valentine X Rabat, C.I. 4979. In a cross of Hietpas 5 X Chev- 
ron, he obtained in Fu a 15:1 ratio of re.sistant to susceptible plants, 
Patterson^ also reported work on the effect of temperature on 
seedling reactions, using 69 varieties at temperatures of 16°, 2(T, 
24°, and 28° C. and using races 17, 19, a.nd 56 of stem rust He 
found 28° C. to be the temperature at which best differentiation 
would be made between varieties resistant and susceptible in the 
field. A good agreement was found between seedling and adult 
plant reaction to the same race of rust 
Race I5B has been reported by several investigators to have 
several biotypes'*’ ‘ (4, 5, 7, 8). These biotypes can be differenti- 
ated by means of their reaction on certain varieties of wheat in 
addition to the usual twelve differential varieties. 


MATERIALS AND METHODS 

All barley varieties studied had the spring growth habit. Man^' 
of them were in rod row tests at St. Paul and other .stations in 
Minnesota in 1951 and 1952. However, the largest group came 
from the World Collection of barleys of the United States Depart- 
ment of Agriculture and wvere obtained originally from many 
sources both foreign and domestic. Seed of these varieties Avas pro- 
vided by Dr. G. A. Wiebe of the Field Crops Research Branch, 
Agricultural Research Service of the United States Department of 
Agriculture, 

This research wa.s initiated in the field in the summer of 1951. 
when 1,042 varieties from the World Collection and about 140 
varieties from rod row te.sts were inoculated with a mixture of 
races 15B, 17, 19, 38, 56, and 59 A of stem rusG 

® Patterson, F. L. Adult plant and seedling reactions of barley 
vai'ieties and hybrids to 3 races of Pucchi'ia gramhi'is - irhkr. Ph.D. 
thesis. University of Wisconsin. 1951. 

Postigo, R. Biotypes within race 15 B of Puvdma gmminh 
tritic}, M.S. thesis. University of Minnesota. 1952. 

" Shukla, op. cii. 

^ The writers are indebted to the Federal Rust Laboratory, St. 
Paul, Minn., for supplying all races of stem rust used in these 
.studies. 
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Resistant strains isolatcxl from the World Collection in 1951 and 
the entire group of varieties in rod row tests were studied as seed- 
lings at low ( 70” F, ) and high ( 82 ”F.) tempefiitures for reaction 
to race 15B during the fail and winter of 1951-1952, During this 
period about 80 of the varieties selected as resistant, intermediate, 
or susceptible on the basis of seedling tests were studied as adults 
at high and low temperatures. The entii*e group of about 290 vari- 
eties was grown in a field nursery inoculated with 10 collections 
of race 15B during the summer of 1952. 

Seedlings of two crosses, Minnesota 615 X Kindred, and Minne- 
sota 615 X Montcalm, were studied in the Ft and Fa generation 
at high and low . temperatures during the winter of 195 1-52. A 
few Fi plants were tested also as adults at low temperature during 
this period. In the summer of 1952 the Fi, F-*, and Fa generations 
of these 2 crosses were growm to maturity along with the 290 
varieties in the 15B field nursery described above. 

For the seedling tests, approximately 25 seeds were planted per 
4-inch pot. About 7 or 8 days after planting, these seedlings were 
sprayed with water and rubbed to remove the waxy bloom after 
which they were again sprayed. A mixture of iiredio.spores and 
talc was applied from a glass cyclone chamber (9). Following 
inoculation, the plants were again sprayed with a fine jnist of water 
and covered with a moist cloth or tarpaulin for approximately 36 
hoLins at about 70 ”F. After thi.s, the plants were uncovered and 
spaced wddely on greenhouse benches. Supplemental light was pro- 
vided from ,11:00 p.m, to 8:00 a.m. A recording thermograph 
showed that air temperatures were maintained about as planned. 

Field plots were single 6-foot rows spaced 1 foot apart. In the 
allcy.s and around the outside border, spreader rows of susceptible 
barley varieties were planted. The V-belt planter was used for vari- 
eties and Fa lines. F/.s and Fa’s were planted by hand 5 and 3 
inches apart, respectively. The spreader rows were inoculated at 
3- or 4-day intervals with an aqueous spore strspension injected 
hypodermically at the preboot or boot .stage. 

A modification of the conventional method of scoring pustule 
type in wheat seedlings was necessary in the present study. Chlo- 
rosis is apparently more common in barley than in wheat, and the 
typical class 2 or "green island" reaction that occurs in vvheat 
seems to be rare on barley. The class range of 0 to 4 was main- 
tained as in wheat but more emphasis was placed on pustule size 
in determining the classes (figure 1}. They are described as 
follows: 


Type 0 : — Characterized by hypersensitive flecks which have no 
visible sporulation. 


Type 1 : — ^Uredia are small (not over L mm.) and surrounded 
by distinct necrotic areas. 

Type 2 : — Uredia are larger than type one (up to 2 mm.). 
Chlorosis is usually present but stune pustuie.s. are sur- 
rounded by a necrotic area. 

Type 3 : — Pustules are moderately large (from 2 to 4 ram.) 
and occasionally coalesce, l.Tedia are surrounded by chlo- 
rotic or necrotic borders. 


Type 4 : — pustules are large (over 4 inm.) and often coalesce. 
Borders are usually chlorotic but sometimes necrotic. 


It was found desirable to affix plus and minus signs to these 
types to describe pustule sizes more precisely. Notes were also 
taken on the presence of chlorosis or necrosis. 


RESULTS AND DISCUSSION 


■I 

iHWli 


Effect of High and Low Temperature 

This part of the study was based on reactions observed 
on 250 strains inoculated with race 15B and grown at 2 
temperatures, approximately 82 and 70 ^F. The deter- 
minations under the higher temperatures were made from 
October to December 1951, those under the lower tem- 
peratures in March 1952. 

There w'^ere marked differences in plant growth at the 
two temperatures. At 70 ‘^F., emergence was slower and. 
seedlings were green with a normal type and rate of growth. 
At 82°F,, seedlings grew more rapidly, were taller and 
more spindling and in general were a paler green color. 
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Type d Type d lype 3 d'ype 4 

FiCt. 1. — Reaction types used in classifying stem rust infectiim on 
barlev seedlings. 


At the high temperature, chloro.sts around the rust pus- 
tules was almo.st iiniver.saily present even in varieties which 
were susceptible a.s judged by the presence of large pustules 
on seedlings and by adult plant reaction. In some cases 
chlorosis was bordering on necrosis. Leaves deteriorated rap- 
idly after the maximum development t)f pustules occurred. 

At 70'^"., chlorosis bordering on necrosis was most com- 
mon although a few varieties had only chlorosis. Fewer 
pUsStules were pre.sent at the lower temperatures. There was 
usually a range in types of rust present on the same plant; 
in many cases the intermediate types predominated. At the 
lower temperatures, pustules were usually smaller than they 
'were on the same varieties at higher temperatures. There 
were only minor differences at lower temperatures between 
seedling reaction of ‘'susceptible” varieties and ”resi.stant” 
varieties wherea.s at higher temperatures differences were 
more pronounced. Classification was Aaund to be easier at 
higher temperatures a.s reported by Paltefson.'* It appears 
that complete susceptibility may have been absent in the 
barleys .studied inasmuch as chlorosis or necn^sis was almost 
always present. 


Correlations of Reactions of Seedlings 
and Adult Plants 


This study was made on the same gremp of lines as the 
study on effects of temperature. Notes were taken on the 
range of reaction types and the prevalence of rust on seed- 
lings at two temperatures. Notes for adult plants were taken 
on the pustule type and prevalence of rust in percent. In 
order to make association tests of reactions at various stages 
of growth and at two temperatures, it was necessary to 
classify each line of barley at each stage and temperature 
as resistant, intermediate, or susceptible. 

For seedlings this w^as done both on the basis of an 
absolute scale with class limits the same for both tem- 
peratures and on the basis of the reactions relative to 
standard varieties whose rust reaction was already estab- 
lished. The class limits used in fhn "iiKsAlntr*" xx/pre 


lished. The class limits used in the “absolute” scale were 
as follows: resistant type 2 or less; intermediate type 2 + 
or 3—; and susceptible type 3 or higher. The class dimits 
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for the "relative” scale are as follows: resistant type 3— 
or less; intermediate type 3 or 34- ; and susceptible type 
4— or higher. 

For adult plants, two systems of classification were em- 
ployed. The first classification was made on the basis of 
pustule type alone and will be designated as the "pustule” 
scale henceforth. In this classification small pustules were 
called resistant w4ile large, erumpent pustules were called 
susceptible. The second classification combined prevalence 
of rust and pustule type and will be designated as the 
“combined” scale. Classes for this scale were set up as 
follows: resistant — all plants with resistant or moderately 
resistant types of pustules or less than 2% of rust of any 
pustule type; intermediate- — plants wfith moderately suscep- 
tible types of pustules or 2 to 10 % of rust of a susceptible 
type; and the susceptible class included varieties with more 
than 10% of rust of a susceptible type. 

Using these scales, each variety w^as classified as resistant, 
intermediate, or susceptible in every test in which it was 
grown. Double-entry tables were prepared for the compari- 
sons listed in table 1, The )(“ tot v/as used to test associa- 
tion of the two stages compared. Table 2 lists the. percent- 
age of each reaction class under various systems of classi- 
fication. 

A number of conclusions may be made from table 1. 
The degree of association between reactions of seedlings 
and adults w^as .statistically significant in all but two com- 
parisons, each of which involved adult plants classified 
on the basis of pustule type alone. However, this associa- 
tion does not indicate perfect or near-perfect agreement 
as shown by table 2. There was a definite tendency for the 
seedlings to shift from a resistant reaction at low tempera- 
tures to a susceptible reaction at high temperatures regard- 
less of the manner of classification at high temperatures. 
The frec|uency of adult plants in the three classes varied 
greatly depending upon the manner of classification. The 
highest agreement found Avas between reactions of adult 
plants in the greenhouse and field. Reactions of seedlings 
to rust were not a very good indication of reactions of adult 
plants except when the classes for seedlings were set up on 
a relative scale based on the reaction of check varieties, 


Table 2. — Frequency distribution of varieties in rust reaction 
classes under different systems of classification. 


Table l.—x” and probability values for several comparisons 
of rust reactions at two stages of development and with 
various types of classifications. 


Comparison 

■ ■ I 

P value 
(independ- 
ence) 

Seedling (high temp. vs. low.) 
absolute scale . - - - - - - _ 

35.8470 

<0.001 

Seedling (high-absoiute) vs. adult 
(combined scale) 

12.9627 

.01-. 02 

Seedling (high-relative) vs. adult 
(combined scale) 

47.0424 ; 

:< .oor ■ 

Seedling (low-absolute) vs. adult 
(combined scale.) 1 

v,\, ■■■■: 

12.6775 i 

.01-. 02 

Seedling (high-absolute) vs. adult • 
(pustule type) _ 

3.8382 

.30-. 50 

Seedling (high-relative) vs. adult 
(pustule type) - 

6.2387 

.10-. 20 

Adult (high-greenhouse) vs. adult 
(combined scale) 

30.3186 

< .001 

Adult (low-greenhouse) vs. adult 
(combined scale) 

43.0432 

< ,001 


Stage of growth 
and scale 

Temper- 

Percentage of 
varieties 

Total 

num- 

ber 

ature 

R 

I 

S 

Seedling — relative. _ 

High 

18.8 

49.3 

31.8 

228 

Seedling^ — absolute 

High 

2.6 

18.9 

78.5 

223 

Seedling— absolute.,--^ : 

Low 

41.6 

45.4 1 

13.0 

238 

Adult— combined 

Field 

67.6 

16.0 

16.4 

238 

Adult — pustule 1 

Adult (greenhouse)— 

Field 

11.3 

18.5 i 

i 

70.1 

238 

pustule* 

Adult (greenhouse)— 

High 

66.2 

21.6 1 

12.2 

74 

pustule*. 

Low 

60.8 ' 

21.5 

17.7 

79 


This group was taken from the same group as the rest but was selected to 
contain some of each reaction class. It is, therefore, not directly comparable to 
the other groups. 


and when adult plants were classified on the combined 
scale of pmstule type and prevalence. This association is 
of most practical interest to the breeder. In this relation- 
ship, 76% of the resistant or intermediate adults were 
detected as such in the seedling stage. 

A number of explanations may be offered for the lack 
of complete agreement between reactions under different 
systems of classification. Firstly, any arbitrary ciassification 
necessarily includes human error, particularly when there is 
a lack of clearcut delineation between classes. Secondly, the 
inoculum used in the various tests was not identical. That 
used in the greenhouse studies was from one collection of 
race 15B while that used in the field consisted of a mixture 
of 10 collections. Perhaps races other than 15 B were pres- 
ent in the field and hot detected. Thirdly, it is possible 
that barley has an "adult plant” resistance similar to that 
reported for wheat. Evidence for this is the fact that 60% 
of all seedlings susceptible at high temperature were re- 
sistant as adult plants under the combined scale of pustule 
type and prevalence. 


Sources of Resistance to Race 15B 

This study was designed to test known sources of re- 
sistance to stem rust and to locate other sources if they 
existed. The resistance conferred by the T factor of Chev- 
ron and Peatland varieties appears to be adequate against 
race 1 5B. This is borne out by the fact that varieties re- 
sistant to most other common races of stem rust are resist- 
ant to race 15 B. Of the 283 lines grown to maturity, 201 
had 1 % or less of rust. Allowing for the possibility of 
some escapes due to low prevalence of rust, there would 
sti II be strong evidence of adequate sources of resistance. 
Strong circumstantial evidence for this is the fact that in 
recent epidemics of black stem rust, most of which was 
determined to be race 15B, there has been very little rust 
on "resistant” varieties of barley such as Kindred or 
Peatland. 


Inheritance of Reaction to Race 1‘3B 


* Degree of freedom = 4 for a 3 X 3 table for association. 


Two crosses were studied in the F^, and genera- 
tions. The variety Minnesota 615 was used as the female 
in crosses with the commercial malting varieties Kindred 
and Montcalm. Minnesota 615 and Kindred are rust resist- 
ant in the greenhouse and field whereas Montcalm is sus- 
ceptible. Minnesota 615 originated from the, cross (Barb- 
iess X Peatland) X Minsturdi. 



plants of the two crosses were studied as seedlings at 
low and high teinperatures and as adults in the field and 
in the greenhouse at low temperatures. Unfortunately no 
useful data were obtained on seedlings at high tempera- 
tures due to an application of sulphur dust which greatly 
arrested and altered the pustules so that they were not 
normal in appearance or size. 

At low temperature the seedlings of Minnesota 61 5 and 
Kindred were resistant with maximum pustule types of 
2“h and 2—, respectively. Montcalm had type 3— to 3 
reactions. hybrids were as resistant as Minnesota 6l 5 
but varied from a type 1 to 2 -p . 

When adult plants were grown at low temperature in 
the greenhouse, Minn. 6l5 was resistant Kindred moder- 


Table 3.—X' for homogeneity for F- of two barley crosses 
as adult plants. 


Ratio Tested 

d.f. 

X ‘2 value 

Probability 

Minn. 615 X Kindred i 

X - total of individual 
family fit to 3 :1 _ 

4 

27.9320 


X - for overall fit to 3:1 
on total F -> population 

1 

23,2579 

<0.001 

X - for homogeneity , „ . .. , 

3 

4.6741 

.10 -.20 

Minn. 615 X Montcalm 

X 2 total of individual 
family fit to 3:U _ . 

17 

26.3188 


X 2 for overall fit to S:1 
for total F a population 

'l 

5.0611 

.05-. 02 

X 2 for homogeneity .- . _ „ _ 

16 

21.2577 

,10-. 20 


ately resistant, and Montcalm was susceptible. Fj plants 
of both crosses were mostly resistant but a few were only 
moderately resistant. Adult plants grown in the field 
responded in the same manner during the summer of 1952. 

Resistance appeared to be dominant in the Fj of both 
crosses inasmuch as plants were as resistant as their 
most resistant parent. Some variability was ex'ident in the 
reaction of Minnesota 615, Kindred, and the plants. 
The rust reaction of plants descended from these F, 
plants was obtained only in the field. Plants were classified 
as resistant and susceptible. 

Table 3 summarizes the data on the generation of 
these two crosses. The Minn. 615 X Kindred cross was 
studied in 5 families involving a total of 101 plants of 
which only 4 were moderately susceptible and 1 susceptible. 
The Minn. 615 X Montcalm cross was studied in 17 fam- 
ilies involving 464 plants, 327 of which were resistant. 
Three families contributed most of the deviations from a 
3:1 ratio. These families had resistant to susceptible plant 
counts of 8:8, 9:9, and 11:10, respectively, and were 
among the smaller families studied. 

The data obtained seetn to support the hypothesis that 
resistance is governed by a single major factor with resist- 
ance dominant. The Minnesota 615 X Kindred cross in- 
volves two resi.stant parents and might be said to fail to 
segregate for all practical purposes. 

The seedling reaction of 280 F.,; lines of Minn, 615 X 
Montcalm and 255 F.. lines of Minn, 615 X Kindred were 
studied at high and relatively low temperatures, The adult 
reaction was studied in the field in 15>52, These F;. lines 
were a distinct group not directly descended from the 






Table 4. — Seedling rust reaction of crosses of Minn. 615 X Kindred and Montatim at high and low temperatures with 

tests for monogenic segregation. 


was not calculated because of a lack of deai-cut sei^reKatioii. 


Table 5. — Adult reactions of F.j lines to ten collections of race 15B and X“ for fit to 1:2:1 ratio. 



Gross 

Tempera- 

ture 

' 

F :i family 
number 

No. of F lines 

■ . 

X for 
1:2:1 

Probability 

R 

Seg 

B 

I 

Minn, 615 X Kindred .. 7 : , . . . 7 

High 

29 

97 

1 

0 

■1 





, 32 

46 

3 

0 

*> 





, 35 

39 

17 

0 

0 

: 


Minn, 615 X Kindred 

Low 

29 

75 ■ 

0 

24 

0 






■ :32 .. 

35 

0 

.16 

0 

■ 1 




■ 35 ■ 

■, 71 ■ 

0 

26 

0 



Minn. 615 X Montcalm^.... - 

High 

38 

/ 32' 

15 


0 

44.1020 ! 

<0.001 



41 i 

10 

■ ,20 ' ! 

13 

0 

0.6279 I 

j .70-. 80 



44 

38 

.. 62 ■ ! 

■ 35 . 1 

0 

1,0926 : 

; ,70-. SO 

Minn. 615 X Montcalm ' 

Low 

38 

44 

■.'.35 '1 

7 ■ . 

0 

3572353 ' 

j < .001 



41 

4 

34 

2 

0 

19.8010 

< .001 



44 

35 

71 

22 

0 

4.1718 

■ .lC-,20 


Cross 

F » family 
number 

No. of F a lines 

X » for 
1:2:1 

■ 7: Res.:'': 

"■'Seg. , ' 

Sus. 

Minn. 615 X Kindred . _ _ 

29-:7v.': 

■j’.:<v88:'.-'':' 

77':.. '■ ■I- '.':7 



Minn. 615 X Kindred . . . 

■■7',--":327>,7' 

'■ -"417: : 

■■^7,7.''^0'-'"'' 




Minn. 615 X Kindred _ 

35 

81 


■^'"7." '07 :'■■"■■! 



Minn. 616 X Montcalm ; _„7 

.38'^' 7.'7 

'^:.77TB''^.7^' 

34 

1:7'^''"7 

0.7500 

Minn. 615 X Montcalm .. ' 

41 

10 

20 

13 

.6279 

Minn. 615 X MontcaIm„_ 

44 

35 

65 

20 

4,5833 


Probability 


0.50-0.70 
.70- ,80 
. 10 - .20 
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and F, lines already discussed. Each family of F.. lines 
traced back to an population that was derived from sev- 
eral Fj plants having the same parent plants. No selection 
for rust reaction had been made in the F., generation. 

Table 4 gives rust reactions of seedlings of six F. fam- 
ilies at high and low temperatures. Seedlings notes were 
taken on the range of reaction types present and the num- 
ber of plants of each reaction type recorded. The reaction 
of checks and parents was used as the basis for classifying 
seedlings as resistant, intermediate, or susceptible. The cross 
Minn. 615 X Kindred failed to segregate in a clear-cut 
manner. At low temperature difficulty was experienced in 
classifying lines due to the small differences found. At 
high temperature none of the lines was uniformly sus- 
ceptible though some had plants which appeared more 
susceptible than either Minn. 615 or Kindred, The Minn. 
615 X Montcalm cross gave a good fit to a 1:2:1 ratio 
at high temperature except for 1 family, number 38 which 
was tested in June when greenhouse temperatures were 
often uncontrollably high. 

The adult plant reactions of the F.. lines were deter- 
mined in the field using a composite of 10 collections of 
race 15B for inoculum. These lines were classified as resist- 
ant, segregating, or susceptible with results shown in table 
5. Each of the 3 ffimi lies from the cross Minn. X Mont- 
calm gave a good fit to a ratio of 1 resistant: 2 segregating: 
1 susceptible. Five lines from the Minnesota 615 X Kin- 
dred cross had susceptible types of pustules but the preva- 
lence of rust on these lines was less than 1%. Susceptible 
varieties in the same nursery had about 30% rust so that 
for practical purposes these lines may be considered resist- 
ant also. It should be emphasized that the adult plant reac- 
tion under field conditions is of greatest importance 
agronomically. 

On the whole the evidence for monogenic segregation 
for reaction to 15B appears to be fairly good. This con- 
clusion is based primarily upon seedling reactions at high 
temperature, and adult reactions in the field. Discrepencies 
under low temperatures and in certain other instances are 
not easily explained. The expression of modifying genes 
under certain environmental conditions such as the green- 
house at low temperature is a distinct possibility. There 
also was some evidence that there may have been some 
heterogeneity or heterozygosity among the original par- 
ental piants. There is, moreover, the possibility that the 
inoculum used in the greenhouse may have contained slight 
mixtures of races other than 15B or of biotypes within 15B. 


SUMMARY 


1. Seedling reactions of about 250 barley varieties to 
race 15B of stem rust were determined at 70°F. and 82°F. 
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A scale was devised for seedling reactions based on relative 
size of pustule. Chlorosis was present at both temperatures, 
but necrosis was more abundant at the lower temperature. 
On almost all plants, there was a considerable range in pus- 
tule types present. The higher temperature was found to be 
better for classifying seedlings, 

2. Correlation studies were made by means of for 
association among reactions to race 15B of stem rust of 
barley varieties at two stages of maturity and two tempera- 
tures using various methods of classification, A statistically 
significant association was found for six out of eight com- 
parisons. Of greatest practical interest is the close relation- 
ship of seedling reaction at high temperature on the "rela- 
tive” scale with the field reaction on the ''combined” scale. 

3. There were adec|uate sources of resistance to the col- 
lections of race 15B of stem rust used in this study. The 
Peatland or Chevron factor, T, appeared to govern resist- 


4. The inheritance of mode of reaction to race 15B was 
studied in the F^, F^, and F., generations of the crosses 
Minn. 615 X Kindred and Minn. 6l5 X Montcalm. Reac- 
tion to rust apparently was conditioned by one major fac- 
tor with resistance dominant. Some indication of minor or 
modifying factors was present. 
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Chemical Defoliation of Cotton 
IV. Lodging in Bottom Defoliated Cotton' 

Lamar C. Brown and Angus H. Hyer-’ 


ACALA-44, a comniercial variety of Upland cotton cul- 
tivated extensively ,tn Arizona, has a tendency to lodge 
toward the end of the growing season. Since lodging aggra- 
vates boll rotting and interferes with efficient mechanical 
harvesting, any cultural practice that lessens the difficulty 
would be advantageous. 

It has been observed that lodging was not as pronounced 
in chemically bottom defoliated cotton as in non-defoliated 
cotton. An experiment w^as designed, therefore, to deter- 
mine whether or not lodging actually is reduced when 
cotton is bottom defoliated, if the difference is due 
to the chemicah defoliant or to leaf removal per se, and 
/r/ if variety interactions occur. 

Several varieties which had exhibited differencCsS with 
respect to lodging in other experiments'^ were chosen for 
an experiment conducted in the field at Sacaton, Ariz., In 
1954. The varieties tested were two Upland cottons, 
Acala-44 and AxD, and two American-Egyptian cottons, 
Pima S-1 and 1-71. Since the degree of lodging usually is 
more pronounced in closely spaced cotton, plants were 
spaced at approximately 3 inches in the rovr. The lower 
portion of the plants, one-third of the plant height from 
the ground level, was defoliated when the lower bolls had 
reached maturity. Bottom defoliation was accomplished on 
Sept. 1 4 by two entirely di fferent methods : (1) ^ chemicai 
defoliant, AERO Gyananiid Soluble (monosodium cyana- 
mide, 855I?)j applied with ground machinery at a rate of 
8 pounds per acre, and (2) stripping the lower leaves by 
hand. Non-defoliated plants constituted the control plots. 
Treatments were replicated three times in a split-plot de- 
sign with varieties as main plots and treatments as sub-plots. 

The amount of lodging was determined on Nov. 1. This 
date was considered as an appropriate time to harvest the 
crop. The perpendicular distance from the ground to the 
tip of the inclined main stalk, and also the length of the 
main stalk, were determined for plants in each sub-plot 
The cosine of the angle that the plant made with the per- 

^ Supported in part by a grant from the American Cyanamid Co. 
Received April 4, 1955, 

Plant Physiologist and Agfonbmist, respectively. Field Crops 
Research Branch, A.K.S., U.S.D,A., LhS. Field Station, Sacaton, 
Arh. The mailing address of the first author is as follows: 
Agronomy Department, University of Arizona, Tucson, Ariz. 

” Brow'n, L. C., and Rhyne, C. L. Unpublished data. 


pendicular w^as determined from these measurements and 
then converted into degrees. Consec|uently, a high value 
in table 1 would indicate a greater amount of lodging than 
a low value. 

The degree of lodging was significantly less in bottom 
defoliated cotton regardless of the method of leaf removal. 
The mean differences between the control and treatments 
(1) and’ (2), respectively,- were 18 and , l> degrees. The 
mean difference of 3 degrees between the chemically defoli- 
ated and the 'Iiancr' defoliated plants was not significant. 
It w^ould appear, therefore, that leaf removal per se, regard- 
less of the method, is the determining facltu in the reduc- 
tion of lodging in bottom deiAliated cotton. 

Since the analysis of variance gave no significant treat- 
ment X variety interactions, it is concluded that the vari- 
eties responded in the same manner to the treatments. 

Bottom defoliation of n cotton hastens the opening 
of mature bolls, reduces the possibility of bed I rot, and also 
acts as a late season method of weed control, i.e., a .substi- 
tute for a late cultivation. The reduced amount of lodging 
found in bottom defoliated cotton, which would facilitate 
mechanical harvesting, points up an advantage of bottom 
defoliation additional to those enumerated previously.^ 

The data from this experiment indicate a need for further 
investigations to ascertain the reasons for a reduction in 
lodging occasioned by removal of the lower leaves. 

* Bujwn, L. C. Chemical Defoliation of (jetton. 1. Bottmn leaf 
defoliation. Agron. Jour. 1953. 

Tabic 1. — Angie of bend expressed in ilegree.s as measurcil 
from the perpendicular. 


Variety 


Treatment.s 

1-.-.- 






Mean 


A-44 1 

AxD : 

i PS-1 1 

1 ! 

1-71 


1, Chemically defoliated ' 

"S7< 1 

-,..26" . 

1 40^^' ! 

' 22'^ 

34" 

2. Hand defoliated ' 

.ar -I 


i ^ -42" . ! 

38" 


3. Control 

r ■ 1 



57" 

;52"' 

Mean 

';-44"V 

i ■ . 

It 457 -1 

42"'': 

4U 


‘ > ' : ' ' 

1. . ■ 

1 i 




L.S.D. for comparing variety means: 5% = 7'-' 

L.S.D. for comparing treatment means: 5% -4"; 

No significant interaction between vanetie.s and treatments 
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Inheritance of Reaction to Ascochyta cauUcola 
in Sweetclover albay 

H. J. Gorz- 


S TEM canker or gooseneck disease of sweetclover caused 
by the fungus Ascocbyia caulicola Laub. has become 
prevalent in the North Central States since 1946 and is 
considered to be one of the major diseases of sweetclover 
in this region. The disease occurs in most areas where sweet- 
clover grows. The high incidence of susceptibility to stem 
canker in breeding lines and the lack of progress from ran- 
dom selection of resistant plants suggested the present 
genetic study to permit selection for true-breeding resist- 
ance to A, CcUdlt'old, 

The disease is characterized by silvery-m^hite lesions of 
variable size with a brown halo, located on the stem, 
petioles, and leaf midribs of susceptible plants. Lesions are 
smaller and more isolated on the upper part of the plant 
but often girdle the lower stems through coalescence of 
the individual cankers. Numerous black pycnidia give the 
lesions a stippled appearance except when the lesions are 
old and the pycnidia have been eroded and emptied by 
rain. Heavily in fexted stems are swollen, retarded In their 
development, and severely twisted at the apical end, while 
the leaves are reduced in number and size. 

Histological studies of diseased stems and a complete 
description of the morphological characteristics of the 
fungus were reported by LauberE' who also noted the first 
occurrence of stem canker in Germany in 1903 and named 
the causal organism. Stem canker has been observed in 
several countries other than the United States but no ref- 
erence to previous work on the inheritance of disease reac- 
tion was found in the literature. 


Laubert, R, Ascochyta caidk'oU, An Krankheitserreger 

ties Steinklees. Arb. Biol. Rekhsanstait f. Land-u. Forstwirtschaft 
3:4*41-^443. 1903. 

MATERIALS AND METHODS 

Parent plants used in the inheritance study were selected from 
a replicated field nursery seeded in 1947 in which each line was 
derived from open-pollinated seed from a single plant A severe 
infestation occurred with readings up to 94% of susceptible plants 
in certain lines. The percentage of susceptible plants in each line 
was determined by reading the disease reaction of 100 plants in 
each of 2 replicates. One-year-old plants were selected during the 
winter of 1947--48 from the two most resistant and four most sus- 
ceptible lines in the mirser)^ and were transplanted to pots in the 
greenhouse to be used asS resistant and susceptible parents, respec- 
tively, in the genetic Study. Plants secured from any one line in the 
field were assigned a code letter with subscript numbers indicating 
individual plants within the line. 


^ Cooperative investigations of the Field Crops Research Branch, 
A.R.S., U.S.D.A., and the Departments of Genetics (Paper No, 
581) and Agronomy, University of Wisconsin. Received April 6, 
1955. 

4* Formerly graduate assistant in Genetics and Agronomy, Uni- 
versity of Wisconsin, now' Cooperative Agent (Geneticist), Field 
Crops Research Branch, A.R.S., U.S.D.A. and the University of 
Nebraska, Lincoln, Nebr. The writer wishes to express his ppre- 
ciation to Dr, W. K. Smith for valuable help and guidance 
throughout the investigation and in preparation of the manuscript. 
Gratitude is also expressed to Dr. F. R, Jones and Dr. J. G, Dick- 
son for assistance in the pathological phases of this study, and to 
Dr, J. H. Torrie for suggestions on some statistical aspects. 


Emasculation of the florets before crossing was done by a modi- 
fication of the method described by Kirk.'^ Reciprocal ciusses w^ere 
made between the original parent plants, wdiich did not carry 
marker genes by which the seeds resulting from self-pollination 
could be eliminated. Marker genes were present in non-reciprocal 
crosses producing 490 of 829 Fi seeds obtained from 109 crosses 
between plants whose genotypes had been revealed by the ratios of 
their selfed progenies. 

A series of preliminary studies on the optimum stage of grow'th 
for inoculation, effect of temperature and moisture at the time 
of inoculation, region of fungal penetration, and cultural charac- 
teristics of the causal organism was conducted to facilitate the 
genetic investigation. Selfed seed from plants homozygous for dis- 
ease reaction W'as used in these studies. 

Seed used in the genetic study \vas derived from individual self- 
pollinated plants in each of the generations from parent to F». 
Each lot of seed w'as divided into several smaller lots and planted 
in separate flats at different times. Scarification was effected by 
scratching the seed coat near the tip of the cotyledon with a razor 
blade. Si, seeds of the parents and seeds of a uniformly resistant 
and a imifornily susceptible line were planted in each flat as a 
measure of the uniformity of infection. The seedlings were grown 
in the greenhouse and inoculated when three to five trifoliolate 
leaves 'svere expanded. A suspension of spores 4vas prepared by 
soaking diseased sweetclover stems in tap w'ater and straining 
through a single layer of cheesecloth. The diseased stems \vere col- 
lected each summer from susceptible plants in the field and were 
dried and stored indoors at room temperature until needed. The 
spore suspension w'as atomized on the seedlings and the fiats held 
in a moist chamber with a saturated atmosphere for 36 hours at 
68 to 72 °F. Optimum chamber temperatures were difficult to 
maintain during the summer months. How'cver, opening the doors 
of the chamber slightly to increase evaporation and allowing cold 
water (about 57'’F.) to flow' into the atomizer kept the tempera- 
ture below' 80® F, during the hottest part of the day. The plants 
w'ere held in the greenhouse for 2 to 3 w'eeks after inoculation 
before disease readings were recorded. 

The critical factor in distinguishing susceptible and resistant 
plants W'as the presence or absence of sporulation of the fungus. 
The disease reaction of individual plants w'as recorded and the 
identity of all plants w'as maintained throughout the study. Re- 
sistant plants were separated into five classes ranging from no 
reaction or small flecks to large blackened areas. Pycnidia were not 
formed although the fungus apparently had penetrated and de- 
stroyed some stem tissue. Six categories w'efe used to differentiate 
siLSceptible plants based on the area of stem affected and the size 
and number of lesions containing visible pycnidia. The first sus- 
ceptible class was phenotypical ly intermediate between resistance 
and susceptibility because the small, indistinct lesions were inter- 
spersed w'ith resistant flecks, but tests of progeny from these plants 
indicated that they w^ere susceptible. Accurate reading of disease 
reaction in plants wuth the intermediate phenotype was difficult 
and some raisclassification probably occurred. The five resistant 
classes w'ere combined in summarization of the data, as were the 
six susceptible classes. Consolidation of the readings did not alter 
the genetic analysis. 

Results of crosses involving parents of similar genotype or 
crosfies that produced identical R genotypes were combined in 
summarizing the data. Similar ratios wuthin the same generation 
also were combined. Heterogeneity x" values w'ere calculated to 
determine w^hether the individual components to be combined were 
homogeneous. The correction for continuity was applied in calcu- 
lating the X"’s for the pooled data, but uncorrected values w'ere 
used in calculating the heterogeneity X“'s. 


^ Kirk, L. E. Abnormal seed development in sw'eet clover species 
crosses — a new' technique for emasculating sweet clover flowers, 
Sci. Agric. 10:321-327. 1930. 
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EXPERIMENTAL RESULTS 

Ratios of plants of specific disease reaction, probability 
values and genotypes of Pj, and F.. lines from seven 

crosses involving six parental genotypes are presented in 
tables 1 to 4. The results of individual crosses are shown 
in tables 3 and 4, while tables 1 and 2 have pooled data 
from three and two similar crosses, respectively. 

Analysis of the data suggests the presence of two inter- 
acting gene pairs, symbolized as F/V and G/g. The symbol 
refers to the common name of f*gooseneck” often 
applied to this disease. The dominant gene E is epistatic 
to G and plants with the E allele are resistant. The domi- 
nant gene G renders a plant susceptible if the recessive 
alleles ee are present. A plant homozygous for both reces- 
sive gene pairs also is resistant since the dominant 6’ is 
necessary for susceptibility. Selfed progenies can be all re- 
sistant, all susceptible, or in the ratio of 3:1, 13:3 or 1:3 
of resistant to susceptible in each case. 

The data in tables 1, 2, and 3 are in satisfactory agree- 
ment with expectation although some discrepancies are 
noted in each of the tables. Susceptible plants that have 
escaped infection are found in progeny of A^. and in 11,-4 
and F..-3 in table 1. Similar escapes are noted in tables 2 


and 5. When progenies from six such apparently resistant 
Fj and F. plants in tables 1 and 2 were inoculated, three 
were all msceptible while the remaining three were in the 
ratio of one resistant to three susceptible, indicating a sus- 
ceptible genotype in each of the six plants. Three prob- 
ability values between 0.05 and 0.01 were found: two 
appear in ratios of 1:3, and one in a 13:3 ratio. The sig- 
nificant differences in tables 2 and 3 were apparent only 
after the data from similar ratios were combined. The non- 
significant heterogendty values indicate consistency in 
each group of pooled progenies. It is, however, recognized 
that assignment of progenies to either a 3:1 or 13:3 ratio 
tends to result in a greater homogeneity among individual 
lines grouped under a given ratio. It would also tend to 
give an excess of susceptibles in the 3:1 group and an 
excess of resistant in the 13:3. 

The 13:3 ratios shown in tables I, 3, and 4 were de- 
rived from homogeneous selfed pn>genies of 2 10 F\ 

and 3 plants. Thirteen of the 15 progenies had an excess 
of resistant plants. A total of 790:1 3S was (obtained with 
bulking which is a ratio of 17.3:3 instead i>f the expected 
13:3. Linkage between the F and G genes was studied as 
a possible cause of the deviation Irom expected. The sur- 
plus of resistant plants could be explained by linkage in 


Table 1.— -Distribution of disease reaction in progenies from three crosses*^ of resistant >( susceptible parents 

giving identical Ft genotypes. 


Generation 

Code 

Number 

of 

families 

Disease reaction ratios 

Probability values 

Genotype 

Observed 

Theoretical 

Fooled data 

Heterogeneity 

Pi - 

Ai . ■ 

1 


3:1 

0.30-0.50 


E(>GG 

Fi 

A 

1 

2*62 

All S 



etElG 

veGg 


B ' 

1 

9:60 

1:3 

.02- .05 


Pi.,-.::7c 

Di, D.> 

2 

141:21 

13:3 

.05- .10 

0, 05-0, 10 

EeGg 

pu„ 


6 

36:28 

1:1 

,30- .50 

,30- ,50 

p. 

1 

11 

629:231 

3:1 

,20- .30 

.90- .95 

EtGG 

Fa. ^7 ■. 

2 ,..7 .. 

6 

286:56 

13:3 

,20- ,30 

.95 ■ ,98 

EeGg 

p 2 .:-. ■ 

■S'- 

S 

89:111 

1:3 

,80- .90 

.30 .50 

eeOg ■ 

F 2:.. 

A. ...r. .. - 

8 

7:257 

Alls 



veGG ' 

F 

1 from F 2“1 - - 

S 

144:0 

All R 



" ^ - 

EEGG 

Fa:„:.„.,...; 

2 from F 2-1, 7_. 

1.4 

! 639:228 

3:1 

,30- .50 

.70- .80 

EeGG 

F,.... 

S from F 2-I 

5 . 

I' 6:285- 1 

Alls 

: . 

. 

: eeOG : - 

Pa 

4 from F 2"S- 

1 

' 15:43 ' ^ 

1*3 



eeGg 

eeGG 

Pa-. -ii:-::: 

5 from P 2-4 - - 

3 

0:33 i 

All S 



’‘ Includes reciprocal cimses between Aj X B, Aj. X OiV and A, X 1\» 
t Number of resistant (R) plants: susceptible (S) plants in al! crosses. 


Table 2. — Distribution of disease reaction in progenies fronv two crosses’^ of heterozygous susceptible X 

homozygous .susceptible parents. 


Generation 

Code 

Number 

■’7-'. of: 7,' 

families 

Disease reaction ratios 

. ' : , ■ . 7' ' ■ 

Probability values 

. 

Genotype 

Observed 

Theoretical 

Pooled data 

X2 

Heterogeneitv 

PV-f..27 - 

■ A vH-''" ■ 

2 

2 

4 

10 

12 

3 

7 

11 

77.:■■,'^.4■',.^<,' 

1:150 

40:117 

1:35 

149:550 

T5:412 

102:53 

52:201 

7:370 

■;'7^0":58.":77 

Ails 

1:3 

Alls 

AllB'-:7:'- 
: All R 

■- ':7:: i::37- 77 
'^■'7: Air'.S, .:-7 
7-^'- An S7 v7 



eeGg 

ecGg 

eeGG 

eegg 

eeOo 

1-. 

eeOa 

FU-X-: ■■ ■• 

Da.E 

0,90-0.95 

0.30-0.50 

Pi.'_- " 

- '57.-7^w-- 7.7777::.7 '7_7::f.-:,. 

7e ;'7 '^7. ' 

■7'-;:7027::.'0577^; 

.;10-. ;-20'V-:;: 

.F'Ui--7 V": -^7-7 

6 from F 2~5 

7 from Fy-S 

8 from F .,".5 


Pa — • 

■^Pva-i--- 

;;7;,:fGX/:>20^^^ 

L:-7^';-.;50--7::,707^^^ 

F^.7l.:7.:..7.-. 

9 from F 2-6 





■7!-777^;V:::7"7^;^ 


Includes reciprocal crosses between A,. X E and 1)„ X H. 
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Table 5.“*--'Frequency of genotypes occurring in Fi and Fu populations as revealed by ba and l-a ratios, rt*s|>ectively. 



Source 

Genotypes crossed 
in P 1 or 
selfed in F 0 

No. of each genotype observed 

. 

in progeny 

■ 

Fxpectpd 


Gener- 

ation 

of 

data 

EEGG 

Es^G Ei-Gg 

etitG 

edjg 

eegg- 

ratio 



Table 

1 

EeGG X eeGq 


11 6 

8 

' 3 

, 

l:l:l:l 

0.10-0.20 


3' 

EEGg X eeGG 

■ 

4 4 

— 

10 

— 

1:1 

.99 


, . -2 , 

eeGG X eeGg 

— 

™ 

13 

— 

1 ;1 

.50- .70 

F 

1 

EeGG 

a 

14 — 

1 ' ■ 5 


1 — 

1:2:1 

.30- ..50 


1, 2 

eeGg 

— 


11 

s 

'3 

: ' 1:2:1 

.02- .05 

Fs... 

1, 2 

ceG(J 

. 

— — 

,7 



All S ' 



Table 6 . — Distribution of disease reaction in crosses bet\^'een plants of kno\Nn gent>types. 




Disease reaction ratios 

Pro! »abi6’t,y values 

Genotypes crossed 

Number 

of 

crosses 

Observt‘d 

Theorelit'al 

pooled datu 

. X'' 

H(4erogeneitv 

V ■ ' 

EEGG X EEGG- : ■ ^ 

4 

2V:0 

All R 



EEGQ XevGG— 

41 

286:0 

All R 

. 

^ 

EE XEsOG- : 

1 

8:0 

All R 





EE XEeGg . . . ... _ . 


17:0 

Ail R 



ef^Gg X EEGG | 

1 . 1 

5:1 

All R 


■ 

eegg . X EEGG . .... . . ! 

■2 

10:0 

Ail R 



EeGG X EeGg . ... .. .. .. ... .. ... ... .. i 

1 1 ■ 

4:2 

3:1 

.09 

— - 

EeGG XeeGG __ 1 

i. ■ 15 ' 

. ' mm ■ 

1:1 

!■ ; .30 ff.50,: 

. 0.20-0.30 .■ 

EeGg ; X eeGG. .. . . .. ... ... ... .. . : ■ ... .. . ...■ : : j 

i ' -2 ■ 

' 6:5 ■ 

. 1:1 

1 .M ■ : 

.50--- .70 

EeGg X eeGg . „ .... 

9 

.6:4 

■ " .5:3 

1 .80- .90 

,10 .20 

eeGG X Eegg .... . 

■ i ■ 

15:23 i 

. 1:1 ■ 

i ■ .20-‘ .30 

! .05-- .10 ■ 

eeGg X eeGg- . . „ , . . 

. 5 i 

10:25 . 1 

1 :3 

! .70 : .80 

1 '.10 -,20 ■ 

eeGG X eeG- - . _ ... : ... ... 

30 

, 5:238 . ^ 

All S 

I 
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selfed progeny that were uniformly susceptible, indicating 
escapes or misclassification. The discrepancies in table 4 may 
result from the action of an additional gene or modifying 
genes in this cross, or variability in the fungus. 

The frequencies of genotypes occurring in ¥^ and 
populations as indicated by and F., progenies are pre- 
sented in table 3. Data from table 4 are not included. 
Since the information in this table was compiled from the 
data in tables 1 to 3 after the genetic hypothesis had been 
formulated, it constitutes a critical test of the hypothesis. 
The observed frequencies of genotypes were in satisfactory 
agreement with expected except for one significant x“ value 
calculated from the frequency of progenies of plants of 
genotype eeGg. The characteristics of progeny from plants 
of this genotype have already been given. 

Asa further test of the validity of the genetic hypothesis, 
109 crosses were made between plants whose genotype for 
disease reaction had been determined during the course of 
the investigation. Data from the crosses, which involved 
13 different genotypic combinations, are found in table 6. 
No significant deviations from expected results were en- 
countered. Recessive marker genes for low coiimarin con- 
tent were present in the female parents of 490 of the 829 
seeds obtained, A coumarin test of the seedlings 
revealed that 5.51% of the 490 seeds was the result of 
self-pollination. This Is an indication of the percentage 
of selfing which probably occurred in crosses that did not 
have marker genes. 

DISCUSSION 

, The discovery that resistance to stem canker in sweet- 
clover is conditioned by two interacting gene pairs has re- 


vealed the source of difficulty experienced by sweetclover 
breeders in developing a true-breeding resistant line by 
selecting resistant plants. A breeding nursery composed 
only of resistant plants might consist of a mixture of the 
seven possible resistant genotypes. Only three of the seven, 
resistant genotypes would give no susceptible offspring 
when cn.).ss-poninated with each of tlie tether genotypes. 
Random cross-pollination by bees among resistant plaiits 
in a breeding nursery would result in a highly heten^itygous 
population that would continue \o produce a prt)portion of 
susceptible plants even though all susceptible plants in 
the previoUvS generation had been eliminated before ilower- 
ing. Knowledge of the presetice and action of genes con- 
ditioning resistance provides the necessary information for 
development of sweetclover varieties that will be homo- 
zygous for resistance. 

The most convincing evidence supporting the proposed 
genetic hypothesis was found in crosses involving the seg- 
regation of the epistatic gene pair, He, in the presence of 
the dominant gene for susceptibility, C. Crosses of this 
type gave distinct reactions of susceptibility and resistance 
that were widely separated and easily classified, resulting 
in ratios that closely approximated those expected. The 
ratios of progenies from crosses between plants of 
known genotypes (table 6), and the genotypic ratios ob- 
served in Fj and F.^ populations (table 5), were in satis- 
factory agreement with expected ratios, thereby substanti- 
ating the conclusions drawn from the genetic data in tables 
1 to 4, 

Observed results in crosses involving the segregation of 
the susceptible gene pair in the absence of the dominant 
epistatic gene do not fit the expected as closely as in the 
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above crosses, but no highiy significant deviations were 
obtained. The disease reaction was less clearly defined, re- 
sulting in many plants with an intermediate reaction that 
were difficult to classify, and ratios were influenced by the 
weaker resistance displayed by the homoxygous recessive 
genotype under optimum conditions for infection. Jones, 
BriggvS, and Blanchard'* reported similar results with the 
homozygous recessive genotype in a study of the inheritance 
of resistance to the pea aphid in alfalfa hybrids. 

The present genetic study has provided information for 
the development of a more precise method of eliminating 
susceptibility from sweetclover lines. The genotype provid- 
ing double insurance for resistance would be EEgg, but 
the detection of this genotype would not be feasible because 
the gg portion cannot be determined with a practical, one- 
generation method. Hence, EE — would be a less desirable 
but more practical genotype to a plant breeder and would 
give adequate resistance to .stem canker under field condi- 
tions. Determination ot the EE - — genotype in individual 
plants would require tester plants with a distinct marker 
phenotype controlled by a single, recessive pair of genes. 
The tester plants also should be susceptible to stem canker 
with the genotype eeGG, Plants to be tested would be 
crossed on the tester plants and seifs eliminated by means 
of the marker gene. Male parents giving rise to one or 
more susceptible F, plants would be discarded. AlTsur- 

Jones, L. G., Briggs, Fred N., ant! Blanchard, K. A. Inheritance 
of resistance to the pea aphid in alfalfa hybrids, Hilgardia 20:9-37. 
.1950. ^ 
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viving plants would be of genotype EE — . Seven or more 
plants from each cross should be inoculated as this 
would result in probabilities of less than 0.01 that a male 
parent with a recessive e gene would not produce a sus- 
ceptible offspring. Inoculation of self-pollinated lines would 
eliminate two of the four resistant genotypes containing 
but Eegg and eegg would not be removed because all selfed 
progeny would be resistant and therefore indistinguishable 
from the selfed progeny of the EH — resistant genotypes. 

SUMMARY 

The inheritance of reaction to stem canker or gooseneck 
disease of sweetclover caused by Ascochyta caulicola Laub. 
was investigated. Two pairs of interacting genes, E/e and 
G/g; were found to affect the reaction of sweetclover plants 
to this disease. The dominant gene for susceptibility, G, 
was effective only when the epistatic gene E was not pres- 
ent. Plants with the homozygous recessive genotype 
were resistant as the dominant gene G is necessary for 
susceptibility, but the resistance was apparently less effective 
under optimum conditions than that controlled by the epi- 
static gene E. 

Susceptibility may be eliminated in breeding lines by 
crossing plants of unknown genotype to homozygous sus- 
ceptible tester plants containing a recessive marker for the 
elimination of seifs. The absence of susceptibility in 7 to 10 
plants would reveal the presence of the resistant EE— 
genotype, which would maintain resistance in the prog- 
enies of plants in a cross- or self-pollinated nursery. 


How Well is Corn Seed-Treated in Commercial Practice.?' 

Paul E. Hoppe and A. H. Wright- 


T HFJIE is little in the literature concerning the question 
raised in the title of this article. Studies on the effec- 
tiveness of corn seed treatments have been neglected mainly 
because of the lack of suitable laboratory methods for mak- 
ing the necessary tests. 

The development of the rolled towel technique for 
corn cold tests at the Wisconsin Agricultural Experiment 
Station in 1950 provided a simple laboratory method for 
testing the adequacy of treatment with fungicides. This 
method was used in a cooperative study with the Wiscon- 
sin Seed Certification Service in a 2-year survey to deter- 
mine how effectively seed producers were treating their 
seed. In Wisconsin, treatment of hybrid seed corn with a 
fungicide is a requirement for certification. A statement 
from the producer that his seed was treated usually has 
been accepted by the Seed Certification Service. 

To check the accuracy of the rolled towel, technique, all 
samples were also tested by the older cold test method in 
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the walk-in refrigerator. The details of procedure and the 
results obtained in the survey are reported here. 

METFIODS 

Seed samples collected by the Wisconsin Seed Certification 
Service for certification in 1952 and 1953 were tested. The 1952 
study included 79 samples of new seed from the previous 1951 
crop, from 18 seed producers. In 1953, 441 samples were tested 
from 84 producers. Included among these were some carry-over lots 
from the 1951, 1950 and 1949 crops. 

Standard germination tests on ail samples were made in the seed 
certification laboratory. Seed from each sample then was retreated 
with Arasan (50% thiram) applied by the excess method, the 
excess fungicide being removed from the kernels by screening, and 
leaving them coated with the maximum amount that would adhere 
without a "sticker”. The retreated kernels then were tested for ger- 
mination in the cold tests against the seed as treated originally by 
the producers. Increase in the germination of the retreated seed 
over that of the original treatment was considered as an indication 
of ineffective treatment on the part of the producer. 

Cold Test Techniques 

In the rolled towel method, 50 kernels first were placed on muck 
soil spread about Vg-inch deep on double, wet paper towels. A 
third wet towel was laid over the kernels and the whole rolled 
loosely into a "doll”. The "dolls” were placed in a special alumi- 
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Table 5.— Frequency ot‘ genotypes occurring in Fi and F- populations as revealed by Fi: and in ratios, respectively. 


Gener- 

ation 

Source 

of 

data 

Genotypes crossed 
in P 1 or 
selfed in F * 

■ N 

EEGG 

0 , of each genotype observed in progeny 

EeGG EeGg cdAx eeGg eegg 

Expected 

ratio 

P value 


Table 

1 

EeGG X eeGg 


11 

6 

8 

s 

— 

1:1:1:1 

1:1 i 

0.10-0.20 


3 

EEGa X eeGG 

— 

4 

4 

— 

— - 

— 

. 90 

‘Fr„. 

, . 2 

1 

X 

3 

14 

— 

13 

5 

10 

- 

1:1 

1:2:1 

.50- .70 
.30- .50 

F,-:. I 



1,2 

1, 2 

eeGg 

eeGG 


i. 

— 

11 

7 

i 

8 


1:2:1 

All S 

: .02- .05 


Table 6. — Distribution of disease reaction in crosses between plants of known genotypes. 


X EEGG 
X eiGG. 
X El’GG. 
X E(Gg. 
X EEGG 
X EEGG 
X 

X ef^GG. 
X epGG. 
X eeGg^. 
X Eegg. 
X e e Gg_ 
X eeG\.. 


Genotypes crossed 



Disease reaction ratios 


ProbabiHty vaiiies 


Number 


... . . . — 



of 



Pooled data 

Heterogeneitv 

crosses 

Observed 

Theoretical 

V 2 

X '-2 

4 

27:0 

All R 

' ■ 

- - — 

41 

280:0 

All R 




1 

8:0 

All R 

: 


») 

17:0 

All R 

— . 

— 

1 

5:1 

All R 

■ 



9 

10:0 

All R 

■' 

~ 

1 

, 4:2 .i 

3:1 

.99 

- 

15 

60:72 

.1:1 

..30-0.. 50 

0.20-0.30 

2 ' 

6:5 1 

1:1 

.99 

.50- .70 

o . ■ 

6:4 

5:3 . 

.80- .90 

,10- .20 

i 

15:23 

1:1 ! 

.20- .30 

.05 ,10 

5 

10:25 

1:3 

! .70- .80 

.10- .20 

30 

5:238 

AW S 

! ■ 

1 ■ ■ ' 



selfed progeny that were uniformly susceptible, indicating 
escapes or misclassiftcation. The discrepancies in table 4 may 
result from the action of an additional gene or modifying 
genes in this cross, or variability in the fungus. 

The frequencies of genotypes occurring in and 
populations as indicated by F., and F,, progenies are pre- 
sented in table 5. Data from table 4 are not included. 
Since the information in this table was compiled from the 
data in tables 1 to 3 after the genetic hypothesis had been 
formulated, it constitutes a critical test of the hypothesis. 
The observed frequencies of genotypes were in satisfactory 
agreement with expected except for one significant value 
calculated from the frequency of progenies of plants of 
genotype eeGg. The characteristics of progeny from plants 
of this genotype have already been given. 

As a further test of the validity of the genetic hypothesis, 
109 crosses were made between plants wliose genotype for 
disease reaction had been determined during the course of 
the investigation. Data from the crosses, which involved 
13 different genotypic combinations, are found in table 6. 
No significant deviations from expected results were en- 
countered. Recessive marker genes for low coumarin con- 
tent were present in the female parents of 490 of the 829 
seeds obtained. A coumarin test of the F^ seedlings 
revealed that 5.51% of the 490 seeds was the result of 
self-pollination. This is an indication of the percentage 
of seifing which probably occurred in crosses that did not 
have marker genes. 

DISCUSSION 

The discovery that resistance to stem canker in sweet- 
clover is conditioned by two interacting gene pairs has re- 


vealed the source of difficulty experienced by swectclover 
breeders in developing a true-breeding resistant line by 
selecting resistant plants. A breeding nursery composed 
only of resistant plants might consist of a mixture of the 
seven possible resistant genotypes. Only three of the seven 
resistant genotypes would give no susceptible offspring 
when cross-pollinated with each of the other genotypes. 
Random cross-pollination by bees among resistant plants 
in a breeding nursery would resuit in a highly heten)'i'ygous 
population that wt>uld ct>ntinue to produce a pri)portion oi 
susceptible plants even though all susceptible plants in 
the previous generation had been eliminated before flower- 
ing. Knowledge of the presence and action of genes con- 
ditioning resistance provides the nece.ssary information for 
development of swcetclover varieties that will be homo- 
zygous for resistance. 

The most convincing evidence supporting the proposed 
genetic hypothesis was found in crosses involving the seg- 
regation of the epistatic gene pair, Ee, in the pre.seiice of 
the dominant gene for susceptibility, G. Crosses of this 
type gave distinct reactions of susceptibility and resistance 
that were widely separated and easily cia.ssified, resulting 
in ratios that closely approximated those expected. The 
ratios of Iq progenies from crosses between plants of 
known genotypes (table 6), and the genotypic ratios ob- 
served in Fj and populations (table 5), were in satis- 
factory agreement with expected ratios, thereby substanti- 
ating the conclusions drawn from the genetic data in tables 
I to 4. 

Observed results in crosses involving the segregation of 
the susceptible gene pair in the absence of the dominant 
epistatic gene do not fit the expected as closely as in the 
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above crosses, but no highly significant deviations were 
obtained. The disease reaction was less clearly defined, re- 
sulting in many plants wdth an intermediate reaction that 
were difficult to classify, and ratios w^ere influenced by the 
weaker resistance displayed by the homozygous recessive 
genotype under optimum conditions for infection. Jones, 
Briggs, and Blanchard*' reported similar results with the 
homozygous recessive genotype in a study of the inheritance 
of resistance to the pea aphid in alfalfa hybrids. 

The present genetic study has provided information for 
the development of a more precise method of eliminating 
susceptibility from sweetc lover lines. The genotype provid- 
ing double insurance for resistance w^oiild be but 

the detection of this genotype wmild not be feasible because 
the gg portion cannot be determined wdth a practical, one- 
generation method. Hence, EE — would be a less desirable 
but more practical genotype to a plant breeder and would 
give adequate resistance to stem canker under field condi- 
tions. Determination of the Ei: — genotype in individual 
plants would require tester plants \vith a distinct marker 
phenotype controlled by a single, recessive pair of genes. 
The tester plants also should be susceptible to stem canker 
with the genotype eeGCr^ Plants to be tested would be 
crossed on the tester plants and seifs eliminated by means 
of the marker gene. Male parents giving rise to one or 
more susceptible F, plants would be discarded. All sur- 

“ Jones, L. G., Brig^es, Fred N., and Bhinchard, R. A. Inheritance 
of resistance to the pea aphid in alfalfa hybrids. Hilgarcik 20:9“-17. 
1930. 


viving plants would be of genotype EE — . Seven or more 
Fj plants from each cross should be inoculated as this 
w^oiild result in probabilities of less than 0.01 that a male 
parent wdth a recessive e gene would not produce a sus- 
ceptible offspring. Inoculation of self-pollinated lines would 
eliminate two of the four resistant genotypes containing 
but Eegg and eegg would not be removed because all selfed 
progeny would be resistant and therefore indistinguishable 
from the selfed progeny of the EE — resistant genotypes. 

SUMMARY 

The inheritance of reaction to stem canker or gooseneck 
disease of sweetclover caused by Ascochyta caulk ola Laub. 
was investigated. Two pairs of interacting genes, E/e and 
G/g, were found to affect the reaction of sweetclover plants 
to this disease. The dominant gene for susceptibility, Gj 
was effective only when the epistatic gene £ was not pres- 
ent. Plants with the homozygous recessive genotype eegg 
were resistant as the dominant gene G is necessary for 
susceptibility, but the resistance was apparently less effective 
under optimum conditions than that controlled by the epi- 
static gene E. 

Susceptibility may be eliminated in breeding lines by 
crossing plants of unknown genotype to homozygous sus- 
ceptible tester plants containing a recessive marker for the 
elimination of seifs. The absence of susceptibility in 7 to 10 
plants w^ould reveal the presence of the resistant EE— 
genotype, which would maintain resistance in the prog- 
enies of plants in a cross- or seif-pollinated nursery. 



How Weil is Corn Seed-Treated in Commercial Practice.?' } 

Paul E. Hoppe and A. 'H. Wright- ■! 


T here is llttle m the literature concerning the question 
raised in the title of this article. Studies on the effec- 
tiveness of corn seed treatments have been neglected mainly 
because of the lack of suitable laboratory methods for mak- 
ing the necessary tests. 

The development of the rolled towel technique for 
corn cold tests at the Wisconsin Agricultural Experiment 
Station in 1950 provided a simple laboratory method for 
testing the adequacy of treatment with fungicides, This 
method was used in a cooperative study with the Wiscon- 
sin Seed Certification Service in a 2-year survey to deter- 
mine how^ effectively seed producers were treating their 
seed. In Wisconsin, treatment of hybrid seed corn with a 
fungicide is a requirement for certification. A statement 
from the producer that his seed was treated usually has 
been accepted by the Seed Certification Service. 

To check the accuracy of the rolled towel technique, ail 
samples were also tested by the older cold test method in 
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the walk-in refrigerator. The details of procedure and the L 

results obtained in the survey are reported here. { 


.METHODS ;■ 

Seed samples collected by the Wisconsin Seed Certification 
Service for certification in 1952 and 1953 were tested. The 1952 
study included 79 samples of new seed from the previous 1951 
crop, from 18 seed producers. In 1953, 441 samples were tested 
from 84 producers. Included among these were some carry-over lots 
from the 1951, 1950 and 1949 crops. 

Standard germination tests on all samples were made in the seed 
certification iaboi*atory. Seed from each sample then was retreated 
with (50% thiram) applied by the excess method, the 

excess fungicide being removed from the kernels by screening, and 
leaving them coated with the maximum amount that would adhere 
without a "sticker”. The retreated kernels then were tested for ger- 
mination in the cold tests against the seed as treated originally by 
the producers. Increase in the germination of the retreated seed 
over that of the original treatment was considered as an indication 
of ineffective treatment on the part of the producer. 

Cold Test Techniques 

In the rolled towel method, 50 kernels first were placed on muck 
soil spread about Vfe-inch deep on double, wet paper towels. A 
third wet towel was laid over the kernels and the whole rolled 
loosely into a "doll”. The "dolls” were placed in a special alumi- 
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Table I.— Standard laboratory germination and germination by two methods in cold soil of seed treated with fungicides by Wisconsin 
producers of hybrid seed corn and after re-treatment with Arasan dust (50 percent thiram). 


Cold soil germination and correlations between methods of test 



Number 

Standai d 


Originally treated seed ! 


Re-treated seed 

Year tested and when 
seed was grown 

samples 

tested 

laboratory 

germina- 

tion 

Roiled 

towel 

method 

% 

Walk-in 

refrig. 

method 

% 

Average 

both 

methods 

% 

Correlation 

coefficient 

Rolled 

towel 

method 

% 

Walk-in | 
refrig, 
method 

1 

Average 

both Correlation 
methods coefficient 

■%. 

1952 

grown 1951 - 

79 

96 

.. .68 
i 

62 

65 

+0.773*’*' 

94 

90 

92 +0.625” 

1953 

grown 1952 

370 

96 

84 

78 

81 

4- .859” 

94 

90 

92 + .733”' 

grown 1951 

1 38 

95 

68 

70 

69 

+ .854” 

87 

87 

87 + .902** 

grown 1950 „ 

, 22 

94 

42 

44 

43 

+ .726” 

80 

81 

80 + .447* 

growm 1949 _ 

11 

94 

46 

40 

43 

+ .907” 

72 

76 

74 + .821** 


Exceeds 5% level of significance. 
Exceeds 1% level of significance. 


num container which held them on end in a vertical position. The 
container was covered with plastic material held in place with a 
rubber band and placed in an ordinary electric refrigerator main- 
tained at 48° to 50°F. for 10 days. Following the low temperature 
incubation the container with '’dolls” was moved to a warm room 
(70° to 80°F.) and the germinations read usually 2 days later. 

For the walk-in refrigerator tests, the kernels were pianted in 
muck soil in aluminum pans kept in the large refrigerator for 10 
days at a temperature of 48° to 50 °F. The pans then were moved 
to a warm room where the germinations were read about 1 week 
later when the seedlings were in the 3- to 4 -leaf stage of growth. 
The pans were watered when the seed was planted and as neces- 
sary after removal to the warm room. 

Ail samples throughout the study were tested in three 50-kernel 
replications. 


Table 2.— Distribution of hybrid seed corn producers in 1952 
and 1953 into categorie.s based on the cold test 
germination of their treated seed. 



Number of producers in: 

VWflUl 

% : 

1952 

1953 

91-100:..;...: 

3 (17%) 

27 (32%) 

81-90 

4 (22%) 

22 (26%) 

71-80- : 

1 3 (17%) 

19 (23%) 

61-70 : 

4 (22%) 

9 (11%) 

60 or lower . . „ . . . 

4* (22%) 

7t ( 8%) 


Fungicides Used by Seed Producers 

The number of producers and the fungicides they used in the 
1953 survey follow: Fifty-one, (dust or slurry); Ortho’ 

cide {d\xsi)\ 1^ Semesari Jr.; 2, Barhak; and 6, treatment not 
specified. 

, : ■ - 'RESULTS ' 

Seed Quality Fligh 

The quality of the seed tested was generally high when 
judged by the standard germinations which varied from 
94 to 96 ^ in the averages for the various crop-years (table 
1). Only 20 (3.8%) of the 520 samples tested were re- 
jected for Tblue tag'* certification because of lower than 
90%) gernGLination. 

Good Correlations Between Cold Test Methods 

The similarity of results from both cold test methods 
is indicated by the high correlation coefficients given in 
table 1. The r values for the various crop-year comparisons 
ail exceeded the 1% level of significance except for re- 
treated seed from the 1950 crop, and here the 5% level 
was reached. With few exceptions the cold test reactions 
of individual samples were essentially the same by either 
method. 


* Average germination. S6%. 
t Average germination, S 5% . 

average cold test germination of ail samples treated by the 
producers was 65% compared wth 92% after retreatment. 
In 1953 the germinations of the producers’ treated seed 
from the 1949, 1950, 1951, and 1952 crops were 43, 43, 
69, and SlC'c, respectively, and for the retreated seed 74, 
80, 87, and 92 %, respectively. Thus, increases following 
retreatment of the seed were obtained in every compari- 
son, ranging from a numerical increase of 11%) for new 
seed grown in 1952, to 37%; for 2*year old seed from the 
1950 crop. ,, ; 

Differences among the producers in seed treating effi- 
ciency are indicated in table 2 in which the producers are 
grouped in categories based on. the cold test germination 
of their seed. Here it is shown that in 1952, 17% of the 
producers were rated ’’excellent” (germination over 90%), 
22%. were ’’good” (81 to 90%), 17% ’’fair” (71 to 
80%-), 22% “poor” (61 to 70%), and 22%;) w^ere “very 
poor” (germinations lower than 60% ). 

In 1953 a similar classification showed 32%) of the pro- 
ducers in the “excellent** category, 26% were “good”, 23%; 
“fair”, 11% “poor*’, and 8%; “very poor”. These data 
indicate a marked improvement among the producers in 
1953. Reasons for this are discussed later. 



Differences Among Producers in Seed 
Treatment Effectiveness 

That much of the seed had been poorly treated by the 
producers was indicated by the increases in germination of 
the retreated seed in the cold tests (table 1). In 1952 the 


Causes for Poor Treatments 

Some common causes for poor seed treatments w^ere 
apparent. These included use of wrong fungicides, inade- 
quate dosages, and carelessness in treating. 




ing. This was illustrated in the case of a producer from 
whom 1 6 samples were found to be well seed-treated and 2 
were poorly treated. This man was using an approved 
fungicide, had the best of treating equipment, and cer- 
tainly the know-how for doing excellent treating, yet occa- 
sionally he had poorly treated seedlots. 


Weakness in Old Seed Disclosed in Cold Tests 

It has been found previously that the cold test germina- 
tion of properly treated seed of high quality approximates 
its germination in standard tests. This again was shown in 
the present study but with exceptions that appeared to be 
generally correlated with age of seed. Data in table 1 show 
that the average standard germination of seed grown in 
1949, 1950, 1951, and 1952 w^as respectively 94, 94, 95, 
and 96%, as compared wdth the cold test germinations of 
74, 80, 87, and 92%, respectively. Thus, while the stand- 
ard germinations remained essentially the same, the cold 
test germinations decreased steadily with age of the seed. 

Differences among the carry-over seedlots varied greatly 
in reduced germinations in the cold tests. Many samples 
showed little or no decrease while in others the reductions 
were extreme (see figure 2). Conditions under which the 
seed was stored probably are an important factor contrib- 


Fig. 1,-— Excellent and also poor seed treatments of hybrid corn by 
different seed producers shown in rolled towel cold tests. Ger- 
mination of the prodiicefs’ treated seed are shown on the towels 
at the left, and for the seed after retreatnient with Arusan at the 
right. Sample 3800 was from a producer who used Tew errf/; 
with poor results typical of those who used old mercury-con- 
taining fungicides. Samples 336 and 333 were from producers 
who used Arasm (slurry). The original treatment of 536 was 
very poor while that of .V33 was excellent. The producer of 536 
failed to get enough of the fungicide on the kernels. 




Wrong f tin g}c}des,~l^m^ of the 84 producers included 
in the 1953 survey still were using the old mercury dusts, 
Semesan Jr, ot Barbak, These products are relatively ineffec- 
tive for protection against soil fungi, and on old seed 
treated several years previously, become almost entirely 
impotent because of their volatile nature. In this survey, 
six of the producers who used either of these materials 
fell into the ''very poor ' class, one was "poor*, and the 
remaining two were only "fair" in their efficiency (see 
figure 1). 

Inadequate dosages ,— were some producers whose 
treatments invariably were poor, or mediocre, even though 
they used recommended fungicides. For one reason or an- 
other they simply failed to get sufficient fungicide on the 
kernels (see figure 1). 

Carelessness ',— K third cause for occasional poor results 
was carelessness on the part of the person doing the treat- 


G. 2. — Weakness of old seed disclosed when retreated seed was 
cold tested. Both of these 2 -year-old seedlots passed germination 
requirements for certification in the standard tests at room tem- 
perature (left), but in the cold test (right) the inferior seed 
quality of 155 was shown by its greatly reduced germination. 
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uting to the deterioration in seed quality istrilvingly ex- 
pressed in the cold tests, 

DISCUSSION AND CONCLUSIONS 

This study demonstrated the efficiency of the rolled towel 
technique for corn cold tests. Similar results from the two 
methods used have been obtained more recently in other 
experiments and the towel technique has now entirely 
replaced the more cumbersome and expensive walk-in re- 
frigerator method at the Wisconsin Station for all corn cold 
testing. This improved technique also has been adopted by 
many hybrid seed companies for routine tests and by manu- 
facturers of seed protectants for screening fungicides in 
developmental programs. 

It is shown that fungicides and treating equipment avail- 
able on the market permit excellent corn seed treatment 
when the treating is properly done. 

The reasons for the improvement in seed treatment noted 
in the second year of the survey are not completely known. 
Some of the improvement was due to a shift of producers 
from the poorer categories the first year to 'good*’ and 
"excellent” classes the next year after being informed of 


the causes for their original poor results. A more impor- 
tant factor for the improvement might well be that In the 
second year the producers knew the survey was to be made, 
and many undoubtedly exercised greater care when treating 
their seed. In any case, most seed producers want informa- 
tion like that obtained in this study, and they usually are 
eager to correct any wrong situation. 

The evidence in the present study that cold tests dis- 
close weakness in old seedlots that do not show up in 
standard germination tests is of special interest to those 
concerned with seed corn certification. According to the 
present certification rules, the germination requirements are 
based on the standard room temperature tests. Most com- 
plaints of poor field stands of corn from certified seed 
received by the Wisconsin Seed Certification Service have 
been where old seed wa.s planted. It would seem desirable 
to consider a change in the rules for certification to include 
cold testing, particularly for old seed, so that at least the 
worst of those found to be inferior are denied certification. 

This would insure higher .seed quality for the farmer 
who plants the seed and would be better for everyone con- 
cerned. The rolled towel cold test provides a laboratory 
method for making the required tests. 









Notes 


THE EFFECT OF INCREASED DAYLENGTHS 

ON THE PRODUCTION OF GREEN- 
HOUSE GROWN OATS' 

T he production of several generations of small grain 
plants in one year is of major importance in a plant 
breeding program, especially where the backcross method 
is employed, A decrease in the time required from germi- 
nation until maturity of a small grain plant would permit 
a more rapid development of new varieties. 

Experiments have been conducted in the greenhouse at 
Iowa State College to determine the optimum temperature 
and photoperiod requirements for producing satisfactory 
oat plants in the shortest possible time. Eour-inch pots, each 
containing 3 oat plants, were kept in 3S° F. and in 70 F. 
greenhouses at the following photoperiod treatments: 9 
hours, 9 hours plus 1 hour at midnight, 13 hours, 18 hours, 
and 24 hours of light. Supplemental light sources consisted 
of two 20- watt fluorescent bulbs, one white and one day- 
light. These lights were adequate to maintain plant growth 
but did not cause excessive heating of the chambers (3 by 
3 by 4 feet) as would incandescent bulbs of a size neces- 
sary to maintain growth,- Plants v^^ere kept in the chambers 
under either complete darkness or supplemental light ex- 
cept from S a,m. to 5 p.m. when they were placed on 
benches in full daylight. Five oat varieties, Bond, Clintland, 
Mo 0-203, Simcoe, and Victorgrain, which when spring 
grown are classified as early, midseason, midseason, late, 
and very late in maturity, respectively, were used in this 
study. The number of days from planting of the seed until 
the heads emerged from the boot was determined for each 
variety-temperature-photoperiod combination. Plants not 
headed after 90 days were discarded. 

The average number of days from planting until heading 
for each variety-photoperiod combination (IS plants) at 
70 '3 F. is presented in table 1, Oats grown at 38'^' F, re- 
quired about 8 days longer to produce heads than those 
grown at the sanie photoperiod at 70^ F. No heads were 
produced within 90 days b}' plants grown under the 94iour 
day length, but a 9-hour photoperiod plus 1 hour of light 
in the middle of the dark period gave a semi-long day 
response. The shortest period from planting to heading for 
each of the varieties occurred when the photoperiod was 
from 18 to 24 hours. Although there was some shifting in 
the rank of the vairieties with respect to the number of days 
required for the plants to head when grown at different 
photoperiods, the interaction was quite small. Allowing the 
normal 30 days from heading until the seed is ripe, a gen- 
eration of Bond, Clintland, or Mo 0-205 varieties can be 
produced in about 75 to 80 days. Even the very late variety, 
Victorgrain, would mature in 85 days. 

With a 24-hour photoperiod, using a ffuorescent supple- 
mental light source, and 70'“' F,, it has been possible to 

7 Contribution from the Agronomy and the Botany and Plant 
Pathology Departments, Iowa State College, in cooperation with 
the Field Crops Research Branch, A.R.S., U.S.D.A. Journal Paper 
No. J-273‘^, of the Iowa Agr. ,Exp. Sta., Ames, Iowa. Projects 
1139 and 1176’. Received for publication March 23, 1955, 

“ Wiggans, S. C. and Shaw, R. H. EtFect of fluorescent and in- 
candevSeent light on temperatures in photoperiodic chambers. Iowa 
State Co. Jour, Sci. (in press). 


Table 1. — Number of days from planting to heading of five oat 
varieties grown at five different photoperiods in a 
70*' F. greenhouse, Ames, lowa. 


Photoperiod 


Varieties 


9 hour 





9 hours"' 

+ 

1 hour 

15 hour 

18 hour 

24 hour 

Bond 



60 

52 

44 

43 

Clintland : 

— 

58 

47 

43 

42 

Mo 0--205 ._ i 

— 

58 

54 

48 

48 

Simcoe^- 

— 

65 

59 

52 

51 

Victorgrain .. : 

— 

67 

65 

54 

54 


None of the plants headed within 90 days after 
photoperiod. 


ilanlinii' with the 9 liuur 


grow four backcross generations of oats in one year at Iowa 
State College. The plants grown under these artificial con- 
ditions produce heads with 8 to 30 florets each, which is a 
sufficient number for backcrossing. 

After the backcross seeds are harvested, the oat plants 
are removed to a cool chamber where they tiller profusely. 
When the tillers are in the first leaf stage, each pot is fer- 
tilized liberally with nitrogen and kept at a 14-hour photo- 
period. This procedure gives a large number of IC seeds 
for selection purposes.— S. C. Wigcans ami K. J. F’rey, 
Assistant Professor of Botany and Farm Crops, and Asso- 
ciate Professor of Farm Crops, respectively, Iowa State 
College, Ames, Iowa. 

A TECHNIQUE FOR COLLECTING PURE 
ALFALFA POLLEN^ 

S UFFICIENT pollen for large-scale analysis can be col- 
lected by direct means from various wind-poliinated 
plants, but from most insect-pollinated spvecies this is nearly 
impossible. Pollen traps placed in the entrances of honey 
bee colonies may be used in some areas to collect large 
cpiantities of mixed pollens, which usually can be sepa- 
rated into the component species. However, with this 
method there is no control over the source of the pollen 
collected. The technique herein described enables the col- 
lection of adequate amounts of pollen from individual 
clones of alfalfa. 

In 1952, cuttings of three clones of alfalfa were estab- 
lished in the greenhouse and set out In the spring in three 
plots each of which could be covered by a Lumite screen 
cage 111/2 by 211/2 by 6 feet. Each plot was planted with 
cuttings from one of the clones. When the plants were 
approaching full bloom, a well-developed nest of bumble 
bees was placed in each cage. Two of these nests were of 
BomBns marrisom w'as of B. occid entails. Several 

times each day the cages were visited and bumble bees with 
pollen loads captured in an insect net. They were then 
anesthetized and the pollen was removed. The bees 
appeared to suffer no ill effects, as pollen was removed 
from marked bees on several consecutive days. 

Colonies of honey bees {Apis 7}2ellifera L.) were used 
to collect pollen in 1953. Pollen traps were placed on the 

^ Received March 12, 1955. 


■'-h 


388 


AGRONOMY JOURNAL 


hive entrances to remove the pollen pellets from the le^s 
of the bees as they entered, so that it was not necessary to 
catch individual bees. In only one cage was any pollen 
trapped, and while the quantity was smaller than in col- 
lections made from uncaged colonies, it was more than 3 
times the amount collected from bumble bees on the same 
plot the previous season. 

The clones chosen for this work were from a series ob- 
served by Pedersen and Bohart- to vaary considerably in 
their attractiveness to pollen-collecting bumble bees. They 
found that this attractivness was associated with pollen 
sterility. There was a close relationship betw^een the attrac- 
tiveness and the amount of pollen obtained from each 
clone. From the most attractive clone 1.3 g. was collected 
by bumble bees and 4.8 g. by honey bees. The clone second 
in attractiveness yielded 0.87 g. from bumble bees and none 
from honey bees. No pollen at all was obtained from the 
unattractive clone in spite of the fact that no other pollen 
was available to the bees in the cages. 

The essence of this technique is to have one plant iii- 
creased into a number of plants by cuttings and have bees 
collect pollen from them under conditions that preclude its 
contamination from other sources. Pedersen and Bohart’’ 
pointed out that in small cages bumble bees present fewer 
maintenance problems than do honey bees. Furthermore, it 
appears that they are less sensitive to factors affecting the 
attractivness of alfalfa to pollen-collecting bees. On the 
other hand, the use of a pollen trap on a colony of honey 
bees reduces the amount of time spent in obtaining the 
pollen. The choice of bumble bees or honey bees would, 
therefore, depend on the amount of pollen desired and the 
time the experimenter is willing to spend.— M. D. Levin, 
Entomology Research Branch, andlA. W. Pedersen, 

Crops Research Branch, A.RS., US. DA. in cooperation 
with Utah Agr. Exp. Sta. 


“Pedersen, M. W., and Bohart, G. E. Factors responsible for the 
attractiveness of various clones of alfalfa to pollen-collecting bumble 
bees. Agron. Jour. 45:548-?51. 1953. 

■‘Pedersen, M. WL, and Bohart, G, E, Using bumble bees in 
cages as pollinators for small seed plots. Agron. Jour. 42:608. 1950. 


RESISTANCE TO Rmr (Pmrmia sor^hi) 
IN CORN^ 

C ORN rust, incited by Pucidnia sorghi Sdm., has in- 
creased in prevalence in the United States in recent 
years and is a threat to stabilized corn production. The lack 
of information on the genetics of resistance in the host and 
the genetics of virulence in the pathogen has prompted a 
comprehensive cooperative research project.- Within this 
project, the authors are charged with the responsibility of 


^ Contribution from the Field Crops Re.search Branch, A.R.S., 
U.S.D.A., in cooperation with the Wisconsin Agr. Exp. Sta., Madi- 
son, Wis., and the Iowa Agr. Exp. Sta,, Ames, Iowa, Project No. 
1140. Journal Paper No. J-2734. 

“ LeRoux, P. M„ Dickson, J. G., Flooker, A, L., and Sprague. 
G. F. A genetic basi.s for rust reaction on corn. (Abs.) Phvtopath. 
44:496, 1954. 
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locating genes for resistance in corn and determining their 
mode of inheritance. 

It is a common observation tliat many corn strains remain 
relatively rust free when exposed naturally to the fungus in 
the field. However, only a portion of these strains have 
expressed protoplasmic resistance when artificially inocu- 
lated in the seedling stage. On the other hand, strains ex- 
pressing resistance in seedling evaluations have, so far, also 
expressed it as mature plants. 

To date, 45 strains of corn have been located which 
possess protoplasmic resistance (chlorotic to necrotic flecks 
— 0; or 1- pustule types) to one or more biotypes of the 
pathogen in greenhouse seedling inoculations. Many of 
these strains have been obtained from the North American 
corn belt, several from Central and South America,'^ and 
others from such widely separated areas as Ethiopia and 
Australia. They range from those in which resistance is 
expressed to a large number of fungus biotypes to others 
which resist only a few. Although these 45 strains appear 
to be different on the basis of their reaction to a group of 
fungus biotypes, it is anticipated that many will have com- 
mon genes, in various combinations, for rust reaction. 

The genes conditioning reaction to rust in the sources of 
protoplasmic resistance known to tlie authors are in the 
process of identification. Each gene is being transferred by 
backcrossing to several dent corn inbred lines. These will 
serve as a reservoir of resistant germ plasm and facilitate 
the breeding for resistance. Ultimately one inbred line with 
its set of sub-lines, each possessing a different rust resist- 
ance reaction conditioning gene, will be selected as a series 
of differential hosts for use in differentiating fungus geno- 
types and defining the objectives in breeding for resistance. 

For maximum value and stability, such a series of dif- 
ferential hosts should embody, as near as possible, all genes 
for rust resistance. Therefore, the authors wi.sh to bring 
their efforts to the attention of other corn workers inter- 
ested in the problem so that additional sources of proto- 
plasmic resistance may be added to those already accumu- 
lated. As the primary interest is In the rust reaction condi- 
tioning genes, such sources or su.spected sources of resist- 
ance could be in various forms such as inbred lines, open 
pollinated varieties, or hybrid combinations. Information 
on the type of resistance and origin and history of the stocks 
would be helpful in accelerating the identification of the 
genes involved in rust resistance and the synthesis of the 
differential hosts. 

The sources of resistance and derived lines would be 
available for distribution to all who are interested. — A. L. 
Hooker, Agent (Plant Pathologist), Field Crops Research 
Branch, A.R.S., U.S.D.A. and Department of Plant Pathol- 
ogy y University of Wisconsin, formerly Assistant Professor, 
Department of Botany and Plant Pathology, Iowa State 
College; G. F. Sprague, Principal Agronomist, Field Crops 
Research Branch, A.R.S., U.S.D.A. and Department of 
Agronomy, Iowa State College; and W. A. Russell, 
Assistant Professor, Deparhnent of Agronomy. Iowa State 
College, 

” LcRoux, P. M. Investigation.s on spore germination and host- 
pathogen reactions in corn rust incited by Puevinia sorghi. Ph.D. 
Thesis, University of Wisconsin Library. Madison, 1954. 
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Book Reviews 


MANPOWER RESOURCES IN THE BIOLOGICAL 
SCIENCES 


A Study Conducted Jointly by The National Science Toundatiou 
and the United States Departjnent of Labor. For sale by the 
Superintendent of Documents, U. S. Government Printing 
Office, W^ishington 25, D. C. 53 pages, 1955. SO.40. 


This is the fifth and final report in a series based on data col- 
lected by the National Scientific Register. The other reports con- 
cern physics, chemistry and chemical engineering, mathematics, 
and the earth sciences. The fields of specialization included in this 
report are agricultural sciences, animal sciences, microbiology, plant 
sciences, other specialties, and general biology. The agricultural 
sciences comprise forestry, animals, agronomy, horticulture, soil 
science, and range science. 

Agricultural scientists comprise the largest group of biological 
scientists checked in this survey. More than 8,000 or 40% of the 
total number supplying information classified themselves in some 
branch of agricultural science. The scientists who carry on research, 
teaching, and other professional activities in all areas of biology 
(excluding graduate students) are estimated to number about 
50,000 or less than 1/10 of 1% of the nation’s labor force. Bio- 
logical scientists tme an older group than physical and earth scien- 
tists, whose professions have expanded more rapidly in recent 
years than most branches of biology. In 1951, the median age of 
biologists was 39, w^ell above that for scientists in other fields. 
More than a fiftli of the men biologists in the survey were mem- 
bers of military reserve organizations in 1951. The proportion of 
reservists was much higher in the younger age groups. In genetics, 
plant scientists, and bio-physics between 70 and 80% held Ph.D. 
degrees. In the agricultural .sciences, however, scientists with bach- 
elor’s degrees only comprised the largest educational group, rep- 
resenting close to one- half of all the surveyed agricultural scien- 
tists. Teaching was the chief endeavor of the largest group of 
biological scientists (35%), followed by research (32%), and 
administration (18%). 

Other areas of infonuation on biological scientists include citi- 
zenship status, educational background, women biological scien- 
tists, and various aspects of employment such as professional in- 
come, type of employer, and field of employment. Seven tables and 
6 charts are included in the tex't and 30 additional tables in the 
appendix. 

Anyone concerned wdth the education of soil and crop scientists 
should find this publication useful. Comparisons of agronomy and 
.soil science may be made wdth the field of biological science as 
a whole or with a specific biological .science or with other fields 
of science covered by the four previous reports mentioned above. 
Administrators and educators in colleges and universities should 
find this useful as an aid in laying plans for the education of 
future biological scientists — C. L. W. Swanson. 


THE HOME GARDENING ENCYCLOPAEDIA 


Published /zy Philosophical Library. Inc.. Neiv York. 
' 368 pp. Ulus. 1955. $6.00. 


From Abelia to Zygopetalum this useful volume contains pro- 
digious amount of practical how-to-do-it information for the home 
gardener. Annual, biennial, and perennial flow^ers, shrubs, vege- 
tables, and .small fruits, and the various cultural practices for the 
numerous individual plants in each of these groups make up 
the contents of this book. It is remarkable for the simplicity and 
clarity of its style; and excellent half-tone figures and line draw- 
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ings illustrate many of the practices described in the text. There 
are also numerous charts wdth descriptive information in tabular 
form on annuals, bulbs, fruit pruning, hedge plants, vegetable 
seed sowing, vegetable ailments, fungicide and insecticide recipes, 
and a host of other topics. Although this is a British publication, 
American readers wdll have no difficulty whatever with it. The 
last section of the book, which is a calendar of garden activities, 
is written to include the warmer latitudes; thus the book will be 
of great use to gardeners any wdiere. 


MANAGING THE FARM BUSINESS 


By Raymond R. Beneke, New York, John W'iley G Sons, Inc. 
464 pages. Ulus. 1955. $3.96. 


This book was written primarily for vocational agriculture stu- 
dents in secondary schools and students in junior colleges and 
agricultural institutes, but farm managers will also find this book 
helpful. Major management problems are discussed from the stand- 
point of the economic principles involved in decision making rather 
than a listing of cut and dried answers to the problems faced by 
farmers today. 

Chapters 1 to 5 deal with the establishment of a farming enter- 
prise, bringing out both the legal and economic problems faced 
there; chapters 6 to 12 discuss cropping systems and planning and 
management of various livestock enterprises; chapters 13 to 16 
consider the economic problems of efficient use of machinery, 
labor, capital, and farm buildings; chapters 17 and 18 are con- 
cerned with marketing from the producer’s viewpoint; and the 
last three chapters deal with record keeping and other economic 
factors. 

The principles outlined in the book are basic to all types of 
farms and examples have been taken from many locations in the 
country. The numerous illustrations used throughout the text w^ere 
taken from a wude range of research studies and farm situations. 
The author, associate professor of economics and sociology at the 
Iowa State College, states that, to be of most value, the book 
should be supplemented with physical and economic data from 
the extension service and other agencies in the area Avhere the 
book is used. 


A STATISTICAL STUDY OF LIVESTOCK PRODUCTION 
AND MARKETING 


By Clifford HHdeth and F. G. Jarrett. New York, John W'dley & 
Sons, Inc. 156 pages. 1955. $4.50. 


This is the fifteenth in a series of monographs sponsored by the 
Cowles CommisSsion for Research in Economics, and written in 
cooperation wdth the former Bureau of Agricultural Economics of 
USDA and the agricultural economics research group of the Uni- 
versity of Chicago. The main emphasis of the study was placed 
on the development, application and testing of methods that might 
prove effective in analyzing interrelated segments of economic activ- 
ity. The authors tried various methods, recent and traditional, of 
problem formulation and statistical analysis in an important and 
promising practical setting. The livestock complex wa.s chosen for 
the study because of its importance, the availability of data and 
the possibility of obtaining information from previous studies. 

The report is broken down into eight sections: introduction, the 
economic model, the observations, estimated relations, the produc- 
tion relation, the farm decision relations, the demand relation, and 
prediction tests. A 20 page appendix lists in detail the steps in- 
volved in the computations used in the text. 
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Agronomic Affairs 


MEETINGS 

Sept. 5-”^, American Institute of Biological Sciences, Michigan 
State University. 

Sept. 7~9, American Society of Photogranimetry, Los Angeles, 
Calif. 

Sept. 11--16, American Chemical Society, Minneapolis, Minn. 
Sept. Soil Conservation Society of America, Green Lake, 

Wis. 

Oct. 10-13, National Clay Minerals Conference, Pennsylvania 
State University. 

Oct. 16-19, Society of American Foresters, Portland, Ore. 

Oct. 18-20, Entomological Society of Canada, Fredericton, New 
Brunswick. 

Oct. 24-26, National Conference of Standards, Washington, 
D, C. 

Dec. 26-31, American Association for the Advancement of Sci- 
ence, Atlanta, Ga. 

ALDERFER HEADS NORTHEASTERN BRANCH 

Rlisshll B. ALDiiRFHR, jiCiid of the Rutgers University soils 
department, was elected president of the Northeastern Branch, 
American Society of Agronomy, at the branch annual meeting 
July 25 at Pennsylvania State University. Dr. 

Alcierfer wa.s at Penn.sylvania before accept- 
ing his current position. 

He succeeds S. R. Aldrich. Cornell Uni- 
versity, who now represents the Northeastern 
branch on the ASA board of directors. 

R. R. Robinson of the U, S, Regional 
Pasture Research Laboratory at Pennsylvania 
State University, was elected vice-president. 

He formerly served as Northeastern branch 
secretary. T. S. Ronningen, University of 
Maryland, was elected secretary- treasurer. 

This year’s meeting was held in conjunc- 
tion with the 75th anniversary of the Jordan 
Soil Fertility Plots at Pennsylvania State, 

The Northeastern branch will hold its 1956 meeting during the 
third week of June at Beltsville, Md. 

Over 100 agronomists attended the business meeting and voted 
to present technical papers at future meeting.s. Previous meetings 
were devoted largely to field inspection, tours, and outdoor 
activities. 

WEED SOCIETY HOLDS FIRST MEETING IN JANUARY 



R. B. Alderfer 



organizational period are H. H. Beattv, president; W. B. Ennis, 
Jr., vice president and W. C. Shanx’, secretary-treasurer. 

MADSON IS HONORED AT CALIFORNIA 


Ben a. Mad,son (center) emeritus professor of agrcmomy and 
director of field stations for the University of Califtirnia, was hon- 
ored in June for his many years of service to the California live- 
.stock industry. R. Mhrtok Love (left) University of California 
professor of agronomy, looks on as William Ro.si^crans (right) 
chairman of the California State Board of Forestry, presents a set 
of book ends to Mr. Madson, who served for 16 years as the 
chairman of the university’s rangelands utilization committee. 


MICHIGAN RECEIVES FORD RESEARCH GRANT 
A. G. Norman will direct fundamental research in soil and 
root relationships in a new project at the University of Michigan 
financed by a ys;U)(),()0l) grant from the Ford Motor Co. Tlie l-ni- 
versity’.s plant nutrition laboratory, botanical gardens, and botany 
department will be used. The Ford grant, whidi will cover a 
3-year period, was announced in July in connection with the for- 
mal opening of F(u*d’s new Farm Madtinery Research and Engi- 
neering Center at Birmingham, Midi, 


AAAS WILL MEET IN ATLANTA IN DECEMBER 


Initial meeting of the Weed Society of America is scheduled for 
Jan. 4-6, 19.56, at New York’.s hotel Nexv Yorker. 

The society was fcmnded at Fargo, N. D., on Dec. S, 1954, 
growing from action of the Association of Regional Weed Con- 
trol Conferences. 

Stated object of the society is "to encourage and promote the 
development of knowledge concerning weeds and their control 
through publishing research findings, fostering high standards of 
education, encouraging effective regulation and promoting unity 
in all phases of weed work. The society is dedicated to cooperate 
closely with regional weed control conferences in these endeavors," 

WSA reports that membership is open to individuals and organi- 
zations interested in its objectives from all nations. Membership 
dues are S6 for 1955, which includes a subscription to the journal, 
WEEDS, to be the official publication of the .society. K. P. BuCH- 
holtz, agronomy department, LIniversity of Wi.sconsin, is editor, 
and W. C Jacob, University of Illinois, was named business man- 
ager of WEEDS. 

All persons joining the WSA during calendar 1955 will become 
charter members, and . a permanent constitution will be considered 
at the 1956 meeting. I’hose interested in membership may contact 
Dr. Jacob fur an application. 

Officers of and delegates to tlie Association of Regional Weed 
Caintroi Conferences are to serve as the Executive committee of 
the society until the election of officers by WSA at the business 
meeting in New York. Officers reappointed to vServe during the 


'Ihe American Association for the Advancement of Science will 
hold its 122nd annual meeting Dec. 26~ 31 at Atlanta, Ga. 

One of the most significant sessions will be a symposium on 
atomic energy and agriculture sponsored jointly by AAAS and the 
Oak Ridge institute of Nuclear Studies. ’Ehis symposium will com- 
prise a critical survey of the use of radioisotopes in agricultural 
science. 

The four parts of the symposium are as follows; 

(1) Soil-plant relationship, indiuling soil chenustry and fer- 
tility, .soil testing, micronutrients, soil physicvs, and soil-root rela- 
tionships; Nathan S. Hall, I,’. S. Atomic Energy Commission, 
chairman. 

(2) Plant metabolism, including foliar absorption, transloca- 
tion, photosynthesis, nitrogen metabolism, and plant regulators; 
Harold B. Tukev, Michigan State University, chairman. 

(3) Animal metabolism: Homer Patrick. Unixersity of Ten- 
nessee, chairman; and (4) Food sterilization: G. A. King, Nutri- 
tion Foundation, and B. F. Trum, Veterinary Corps, U. S. Army, 
co-chairmen. 

In addition to these symposia. Section O (agriculture) is co- 
sponsoring with Section C (chemistry) an all-day symposium on 
the effect of chemical agents on biological organisms. 

With Section G (botanical .sciences) two half-day symposia are 
also co-sponsored. These will deal xvith the economic, technologic, 
physiological, and biochcMuical aspects of the tobacco plant and 
the cotton plant. 
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AGRONOMIC AFFAIRS 



FII W, STATEN DIES IN OKLAHOMA 

Hi. W. Staten, professor of agronomy at Oklahoma A & M 
College, died July 3 at lulsa, Okla. Prof. Staten ^vas nation- 
ally recognii?ed for his ability as a coach of crops judging teams. 
Under his tutelage, Oklahoma A &: M College teams won nine 
iirsts, and never linished lower than third place at the interna- 
tional crops judging contests. 

Mr. Staten was born at Pikeville, Ky., Oct, 29, 1895. He was 
graduated from Oklahoma A & M College in 1924, and received 
his M,S. degree in 1930, joining the A & M agronomy staff at 
that time. He later worked for the Soil Conservation Service at 
Salina, Kans., but returned to A & M in 1937. 

Shortly before his death he retired from coaching and research 
to devote full time to teaching. In 1952 he went to Ethiopia to 
help establish the Imperial Ethiopian College of Agriculture and 
Mechanical Arts. 

In 1944 Prof. Staten released the bulletin, "Crop Calendars for 
a Year-Round Pasture Program," More than 50, 000 copies were 
sent to Oklahoma farmers. It was also widely used outside Okla- 
homa. He was also the author of a text book on grassland farm- 
ing, and co-author of a book on judging farm crops. 

C. E, MILLAR OF MICHIC^AN DIES 

C. E. Millar, emeritus professor of soil science at Michigan 
State University, died March 27 while vacationing at LaMesa, 
Calif. 

He was born in Coles County, III., June 23, 1885. He received 
bachelor degrees from the University of Illinois and Kansas State 
College, the M.S. degree from the University of Illinois, and the 
Ph.D. degree from tiie University of Wisconsin. 

Dr. Millar retired in 1950 after 35 years on the Michigan State 
College faculty. In 1930 he was appointed head of the soil science 
department. He had previously been an agronomy instructor at 
Kansas State College. 

Dr. Millar was elected a Fellow of the American Society of 
Agronomy in 1936. He had also served as chairman of the Soil 
Section of the Society in 1934. Tx\x> widely used text books which 
he wTOte are, So/ix and Soil Aianagement and Fundamentalx of Soil 
Science. A third book, Soil Fertility, was published this year. 

REQUEST EARLY NOTIFICATION FOR ATTENDANCE 
AT INTERNATIONAL GRASSLAND CONGRESS 

Anyone interested in attending the 7th International Grassland 
Congress to be held at Massey Agricultural College, Palmerston, 
New Zealand, in November 1956 should notify the Organizing 
Secretary by Nov. 1, 1955 if possible. His address is CPO Box' 
1500, Wellington Cl, New Zealand. 

Such notification is necessary to assure adequate accommodations 
for overseas participants. 

See the June 1955 issue of Agronomy Journal, pp. 287-288, 
for otlier information regarding tlie Congress. 

SOCIETY MEMBERSFIiP REACHES NEW HIGH 

Total active membership in the American Society of Agronomy 
will reach 2,500 this year, reports L. G. Monthey, Society execu- 
tive secretary. Highest previou.s figure was 2,325 on Dec. 31, 1954. 

Comparative figures on July 3U 1955, showed a 10% increase 
over the same date in 1954. Monthey said at the 1955 annual 
meeting of the Society in Davks, Calif. This is the greatest per- 
centage increase for any year since 1950, he pointed out. 

Of states with 50 or more active members in 1954, Minnesota 
had the greatest gain with an increase of 33.9%. Iowa member- 
ship increased 22.3%> and New York’s total went up 20.5%. 

For all states with a net gain of 5 members or more, Idaho 
showed the greatest increase, 45.5%. Kentucky was second with 
43.8%, and Utah third with 4l%i. 

CLAY MINERALS CONFERENCE TO MEET IN OCTOBER 

The fourth National Clay Minerals Conference will be held Oct. 
10-13 at Pennsylvania L^niversity. It is sponsored by the Clay Min- 
erals Committee of the National Research Council. Field trips 
and laboratory visits will be held on Monday, Oct. 10, and papers 
will be presented on the succeeding 3 days. 

Particular emphasis will be placed on the following topics: 
mixed-layer clays, thermal transformations, and day water .sys- 
tems.^ A number of .scientists from abroad will present papers on 
day inve.stigations in their native countries. 


H. E. MYERS IN INDIA 

Harold E. Myers, associate director of the Kansas Agricultural 
Experiment Station and former president of the American Society 
of Agronomy, is in India with the International Cooperation Ad- 
ministration (formerly FOA). Travelling with R. C. Smith, for- 
mer head of the Kansas State College entomology depiirtment, he 
is working under a preliminary contract with the federal agency 
to determine agricultural research, education, and extension needs 
in Bombay, Hyderabad, Madhya Pradesh, Kutch, and Saurashtra. 
He will return to the U. S. toward the end of summer to make 
his recommendations as to technical leadership necessary, and will 
then return to India for 3 years. 

R. V. Olson, head of the Kansas State College agronomy depart- 
ment, is serving as acting editor-in-chief of the Soil Science Society 
of America Proceedings until a permanent successor to Dr. Myers 
is named for that position. 

FIELD DAY HONORS DONALD F. JONES 

Donald F. Jones, inventor of the double-cross method of hybrid 
seed corn production, was honored Aug. 16 at the annual field 
day of the Connecticut Agricultural Experiment Station farm at 
Mt. Carmel, Conn. Henry A. Wallace, former Secretary of Agri- 
culture and pioneer hybrid corn producer, was principal speaker 
at the "Donald F. Jones Day" observance. 

Dr. Jones made his first double-cross experiment in 1917. The 
following year he set forth his theory on hybrid vigor in corn 
in the Connecticut Station Bulletin 207. He continued his investi- 
gations and produced the first hybrid sweet corn in 1924. 

NEWS NOTES 

Robert Gardner, former professor of agronomy at Colorado 
A M College, is now working as ad\4sor to the Turkish min- 
i.stry of agriculture, Ankara, Turkey. He has been in that country 
since May, 
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Agronomic Affairs 


MEETINGS 

Sept, 5-'9, American Institute of Biological Sciences, Michigan 
State University. 

Sept. 7-9, American Society of Photogrammetry, Los Angeles, 
Calif. 

Sept. Xl-16, American Chemical Society, Minneapolis, Minn. 
Sept. 12-14, Soil Conservation Society of America, Green Lake, 
Wis. 

Oct. 10-13, National Clay Minerals Conference, Pennsylvania 
State University. 

Oct. 16-19, Society of American Foresters, Portland, Ore, 

Oct. 18-20, Entomological Society of Canada, Fredericton, New 
Brunswick. 

Oct. 24-26, National Conference of Standards, Washington, 
D. C 

Dec. 26-31, American Association for the Advancement of Sci- 
ence, Atlanta, Ga. 

ALDERFER HEADS NORTHEASTERN BRANCFI 

Russhll B. Aldkrfi-:k. head of the Rutgers University soils 
department, was elected president of the Ntirtheastern Branch, 
American Society of Agronomy, at the branch annual meeting 
July 21 at Pennsylvania State University. Dr. 

Alderfer was at Pennsylvania before accept- 
ing his current position. 

He succeeds S. R. Aldrich, Cornell LTni- 
versity, who now represents the Northea.stern 
branch on the ASA board of directors. 

R. R. Robinson of the U. S. Regional 
Pasture Research Laboratory at Pennsylvania 
State University, was elected vice-president. 

He formerly served as Northeastern branch 
secretary. T, S. Ronningen, University of 
Maryland, was elected secretary- treasurer. 

This year's meeting was held in conjunc- 
tion w'ith the 75th anniversary of the Jordan 
Soil Fertility Plots at Pennsylvania State. 

The Northeastern branch will hold its 1916 meeting during the 
third week of June at Beltsville, Md. 

Over U)0 agronomists attended the business meeting and \’oted 
to present technical papers at future meetings. Previous meetings 
were de\'oted largely to field inspection, toiir.s, and outdoor 
activities. 

WEED SOCIETY HOLDS FIRST MEETING IN JANUARY 

Initial meeting of the Weed Society of America is scheduled for 
Jan. 1-6, 1956, at New York’s hotel New Yorker. 

The society was founded at Fargo, N. D., on Dec. B, 1954, 
growing from action of the As.sociation of Regional Weed Con- 
trol Conferences, 

Stated object of the society is "to encourage and promote the 
development of knowledge concerning weeds and their control 
through publishing research Endings, fostering high standards of 
education, encouraging effective regulation and promoting unity 
in all phases of weed work. The society is dedicated to cooperate 
closely wdth regional weed control conferences in these endeavors.” 

WSA reports that membership is open to individuals and prgatii- 
zutions interested in its objectives from all nations. Membership 
dues are $6 for 1955, wdifch includes a subscription to the journal, 
WEEDS, to be the othcial publication of the society. K. P. Buch- 
HOLTZ, agronomy department. University of Wisconsin, is editor, 
and W. G. Jacob, University of Illinois, was named business man- 
ager of WEEDS. 

All per.sons joining the WSA during calendar 1955 will become 
charter members, and a permanent constitution will be considered 
at the 1956 meeting. Those interested in membership may contact 
Dr. Jacob for an application, 

OtBcers of and delegates to the Association of Regional Weed 
Control Conferences arc to serve as the Executive committee of 
the society until the election of officers by WSA at the business 
meeting in New York. Officers reappointed to serve during the 


organi:sational period are R. H, Bhattv, president: W. H. Ennis, 
|r,, vice president and W. C. Shaw, secretary-treasurer. 


MADSON IS HONORED AT CALIFORNIA 



Ben A. Madsok (center) emeritus professor of agronomy and 
director of field stations for the University of Culiforni;i, was ho:i- 
ored in June for his many years of service to the California live- 
stock industry. R. Merton Love (left) University of California 
professor of agronomy, looks on as William Roshcrans (right) 
chairman of the California State Board of Forestry, pre.sents a set 
of book ends to Mr. Madson, who served for 16 years as the 
chairman of the university’s rangelands utilization committee. 

MICHIGAN RECEIVES FORD RESEARCH GRANT 

A, G. Norman will direct fundamental research in soil and 
root relationships in a new project at the University of Michigan 
financed by a $1()0,()()I) grant from the Ford Motor Co. The Uni- 
\'ersity’s plant nutrition laboratory, botanical gardens, and botany 
department will be used. The Ford grant, which will cover a 
3-year period, vais announced in July in connection witli the lor- 
mal opening of Ford’s new Farm Machinery Research and En>n- 
neering Center iit Birmingham, Mich. 

AAAS WILL MEET IN ATLANTA IN DECEMBER 

The American Association for tlie Advancement of Science w'ill 
hold its 122nd annual meeting Dec. 26 31 at Atlanta, Ga. 

(3ne of the most significant sessions will be a symposium on 
atomic energy and agriculture sponsored jointly by AAAS and tlie 
Oak Ridge Institute of Nuclear Studies. This symposium will com- 
prise a critical survey of the use of radioisotopes in agricultural 
science. 

The four parts of the symposium are as follows: 

(1) Soil-plant relationship, including soil chemistry and fer- 
tility, soil testing, micronutrients, soil physics, and soil-root rela- 
tionshfp.s; Nathan S, Hall, U. S. Atomic Energy Commission, 
chairman. 

(2) Plant metabolism, including foliar absorption, transloca- 
tion, photosynthesis, nitrogen metabolism, and plant regulators: 
Harold B. Tukey, Michigan State University, chairman. 

(3) Animal metabolism: Homer Patrick:, University of Ten- 
nessee, chairman; and (4) Food .sterilization: G. A. King, Nutri- 
tion Foundation, and B. F. Trijm, Veterinary Corps, U. S. Army, 
co-chairmen. 

In addition to these .symposia. Section O (agriculture) is ct>- 
sponsoring with Section C (chemistry) an all-day symposium on 
the effect of che-micul agents on biological organisms. 

With Section G (botanical sciences) two half-day symposia are 
also co-sponsored, 'i’he.se will deal with the etamomic, technologic, 
physiological, and biochemical a.spects of the tobacco plant and 
the cotton plant. 



R. B. Alderfer 



AGRONOMIC AFFAIRS 


FII W. STATEN DIES IN OKLAHOMA 

Hi. W. Station, professor of a,i;ronomy at Oklahoma A & M 
College, died July 5 at Tulsa, Okla. Prof, Staten \vas nation- 
ally recognii^ed for liis ability as a coach of crops judging teams. 
Under Ids tutelage, Oklahoma A A' M College teams won nine 
iirsts, and ne\ er _ hnished lower than third place at the interna- 
tional crops judging contests. 

Mr. Staten was horn at Pikeville, Ky., Oct. 29, 1S95. He was 
graduated from Oklahoma A & M College in 1924, and received 
his M.S. degree in 1930, joining the A & M agronomy staff at 
that time. He later worked for the Soil Conservation Service at 
Salina, Kans., but returned to A & M in 1937. 

Shortly before his death he retired from coaching and research 
to devote full time to teaching. In 1932 he went to Ethiopia to 
help establish the Imperial Etidopian College of Agriculture and 
Mechanical Arts. 

In 1944 Prof. Staten released the bulletin, "Crop Calendars for 
a Year-Round Pasture Program." More than 30,000 copies were 
sent to Okiahoma farmers, it was also widely used outside Okla- 
homa. He was also tlie author of a text book on grassland farm- 
ing, and co-autlior of a hook on judging farm crops. 

C. E. MILLAR OF MICHIGAN DIES 

C. E. Millah. emeritus professor of soil science at Michigan 
State University, died March 27 ^^'hile xacationing at LaMesa, 
Calif, 

He was horn in Coles County, 111., June 23, ISS5. Fie received 
bachelor degrees from the University of Illinois and Kan.sas State 
College, the M.S. degree from the University of Illinois, and the 
Ph.D. degree from the University of Wisconsin. 

Dr. M,illar retired in 1930 after 33 years on the Michigan State 
College faculty. In 1930 he was appointed head of the soil science 
department. He had previously been an agronomy instructor at 
Kansas State College. 

Dr. Millar was elected a Fellow of the American Society of 
Agronomy in 1936. .He had also seiAcd as chairman of the Soil 
Section of the Society in 1934. Two widely used text books which 
he wrote are, Soils and Soil Management and Fundamentals of Soil 
Science. A third book. Soil Fertil/ty. was published this year. 

REQUEST EARLY NOTIFICATION FOR ATTENDANCE 
AT INTERNATIONAL GRASSLAND CONGRESS 

Anyone interested in attending the 7th International Grassland 
Congress to be held at Massey Agricultural College, Palmerston, 
New Zealand, in November 1956 should notify the Organizing 
Secretary by Nov, 1, 1933 if possible. His address is CPO Box 
1300, Wellington Cl, New Zealand. 

Such notilication is necessary to assure adequate accommodations 
for overseas participants. 

vSee the June 1933 issue of Agronomy Journal, pp. 287”28S, 
for other information regarding tlie Congre.ss. 

SOCIETY MEMBERSHIP REACHES NEW HIGH 

Total active membership in the American Society of Agronomy 
will reach 2,300 this year, reports L. G. Monthey, Society execu- 
tive secretary. Highest previous figure was 2,325 on Dec. 31, 1954. 

Comparative iigiires on July 3 U 1953, showed a 10% increase 
over the same date in 1954. Monthey said at the 1955 annual 
meeting of the Society in Davis, Calif. This is the greatest per- 
centage increase for any year since 1950, he pointed out. 

Of states with 50 or more active members in 1934, .Minnesota 
had the greatest gain with an increase of 33.9%. Iowa member- 
ship increased 22.3%, and New York’s total went up 20.5%. 

■For all states with a net gain of 5 members or more, Idaho 
showed the greatest increase, 45.5%. Kentucky was .second vvith 
43.8%, and Utah third with 41%:, 

CLAY MINERALS CONFERENCE TO MEET IN OCTOBER 

The fourth Natimial Clay Minerals Conference will be held Oct. 
10-13 at Pennsylvania University. It is sponsored by the Clay Min- 
erals Committee of the National Research Council. Field trips 
and laboratory visits will be held on Monday, Oct, 10, and papers 
will be pre.sented on the .succeeding 3 days. ^ 

Particular emphasis will be placed on the following topics: 
mixed-layer days, thermal transformations, and day water sys- 
tems. A number of scientists from abroad will present papers on 
day investigations in their native countries. 


H. E. MYERS IN INDIA 

Harold E. Myers, associate director of the Kansas Agricultural 
Experiment Station and former president of the American Society 
of Agronomy, is in India wdth the International Cooperation Ad- 
ministration (formerly FOA). Travelling with R. C. Smith, for- 
mer head of the Kansas State College entomology department, he 
is working under a preliminary contract with the federal agency 
to determine agricultural research, education, and extension needs 
in Bombay, Hyderabad, Madhya Pradesh, Kiitch, and Saurashtra. 
He will return to the U. S. toward the end of summer to make 
his recommendations as to technical leadership necessary, and will 
then return to India for 3 years, 

R. V. Olson, head of the Kansas State College agronomy depart- 
ment, is serving as acting editor-in-chief of the Soil Science Society 
of America Proceedings until a permanent successor to Dr. Myers 
is named for that position. 

FIELD DAY HONORS DONALD F. JONES 

Donald F. Jones, inventor of the double-cross method of hybrid 
seed corn production, was honored Aug. 16 at the annual Held 
day of the Connecticut Agricultural Experiment Station farm at 
Mt. Carmel, Conn. Henry A. Wallace, former Secretary of Agri- 
culture and pioneer hybrid corn producer, was principal speaker 
at the "Donald F. Jones Day" observance. 

Dr, Jones made his Hrst double-cross experiment in 1917. The 
following year he set forth his theory on hybrid vigin* in corn 
in the Connecticut Station Bulletin 207. He continued his investi- 
gations and produced the first hybrid sweet corn in 1924. 


NEWS NOTES 

Robert Gardner, former professor of agronomy at Colorado 
A & M College, is now w'orking as advisor to the Tiu*kish min- 
istry of agricuiture, Ankara, Turkey, He has been in that country 
.since May. 
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AGRONOMY JOURNAL 


L. A. Dean has returned to the USDA at Beltsville, Md., after 
serving during the past academic year as visiting professor at the 
North Carolina State College. 

„A 


Albert W. Marsh, associate soil scientist at Oregon State Col- 
lege, Corvallis, is now at the U, S. Salinity Laboratory, Riverside, 
Calif., where he is in charge of the foreign trainee program for 
the laboratory. His assignment is for 1 year while A. D. Ayers, 
previously in charge, is in Egypt. 

A 


J. B. Weaver, Jr., joined the University of Georgia agronomy 
department on July 1 where he is engaged in teaching and work 
in cotton genetics and variety testing. He received his Ph.D. degree 
in May from North Carolina State College. 


George E. Ritchey retired June 20 as agronomist in charge of 
the Suwanee Valley Experiment Station, Live Oak, Fla. His succes- 
sor is H. W. Lundy as associate agronomist in charge. 


W. A, Wheeler has accepted an assignment as consultant in 
seed marketing in the USDA Agricultural Marketing Service at 
Washington, D. C. 


David Ririe, formerly with the University of California, has 
accepted an appointment from the Church of Jesus Christ of Latter- 
Day Saints to supervise the development of a tract of peat land at 
the Latter-Day Saints College in Hamilton, New Zealand. 

A_ 


R, E. Luebs has been engaged as soil scientist with the LJSDA 
at Lincoln, Nebr., since receiving the Ph.D. degree in soil fertil- 
ity at Iowa State College, last December. 


K. O. Rachie has returned with his family to the University 
of Arizona after spending the past year in Iraq where he helped 
establish an agronomy department at Abu Ghraid Agricultural 
College. 

A 


Moyle E. Harward, formerly assistant professor of agronomy 
at North Carolina State College, is now with the soil department 
at Oregon State College, Corvallis. His new position, assistant soil 
scientist and assistant professor of soils, involves research in soil 
chemistry and the fundamentals of soil fertility, and teaching 
graduate courses in these Felds. 


Mervin D. Hague reported for active duty July 15 as a sec- 
ond lieutenant in the Air Force after receiving his M.S. degree 
at Kansas State College. After a 2-year tour of duty, he plans to 
return to Coon Rapids, Iowa, to do production research for the 
Garst and Thomas Hybrid Seed Corn Co. 


J. A, KiiTrich, who received his Ph.D. in soils at tlie Univer- 
sity of Wisconsin this summer, is now at the State College of 
Washington, Pullman, as assistant professor of soil chemistry in 
clay mineraiogjL 


Norman Gaetze, formerly of Oregon State College, is now at 
Purdue University as research assistant to W. H, Daniel. He is 
working toward the Ph.D. in a turf management study. 


p. Charles Ruelke, formerly research assistant in agronomy 
at the University of Wisconsin, is now assistant professor of agron- 
omy at the University of Florida, teaching courses in crop ecology, 
pastures, and forage and cover crops. He also conducts an under- 
graduate agronomy Seminar, and is carrying on research work in 
forage production. 



S. C. Vandecavaye, professor of agriculture at Idaho State 
College, has accepted a position in charge of soils work at New 
Mexico A and M.A. College, replacing H. E. Dregne who will 
spend the next two years in West Pakistan. Dr. Vandecavaye, 
formerly of Washington State College, is a former president of 
the Soil Science Society of America. 


CORRECTION 


In the article, ’'Effects of Two Cycles of Recurrent Selection 
for Combining Ability in an Open-Pollinated Variety of Corn," 
by D. P. McGill and J. H. Lonnquist, Journal, July 

1955 issue (47:319-323), the equation on page 321 printed as 
follows: 


V V- v~ 

T .spi, Sl)2 


should read as follows: 




In the same paragraph, V'si, should read V.rV ... 

In column 1, table 2, of the same article, page 320, KLn should 
read KLn. 


PERSONNEL SERVICE 


The Personnel Service column is provided without charge to 
American Society of Agronomy and Soil Science Society of America 
members. For ail others, a charge of $2. Of) is made. Insertions are 
limited to 100 words, and should be submitted in duplicate. An 
item will be inserted one time only, but will he given a key 
number which will be carried for five additional insertions unless 
a discontinue order is received. Items pertaining to soils positions 
will be inserted one time in the SoH Sctetice Society of America 
Proceedings unless otherwise specified. The following insertions, 
published in earlier issues, are still available: 4-1, 4-2, 4-.3, 6-1, 
7-1, 7-2, 7-3. 


POSITION WANTED 


Soil Chemist and Physicist, Ph.D. (Univ. of California) pres- 
ently employed as associate professor of soils and associate soil 
chemist, desires research and/or teaching position in Soils, Re- 
search experience in laboratory, greenhouse, and field investi- 
gation of soils, especially the more basic problems of saline 
and alkali soils in irrigated areas. Excellent background in 
chemistty, physics, and soil-plant relationships. Teaching expe- 
rience in chemistry, physics, morphology, and fertility of soils. 
List of publications available. Age 47. Family. Available on 
1 to 2 months notice. ' 8-1. 


NATIONAL LAWN AND TURF INSTITUTE 
IS ORGANIZED 


Lawn and turf seed producers and processc)r.s throughout the 
U. S. have organized the Better Lawn and Turf Institute at Kansas 
City, Mo. The national non-profit organization has launched a 
5-year program of service and information. Since its program will 
be nationwide, the Institute plans extensive cooperation wdth agri- 
cultural experiment stations, seed organizations, and related 
branches of the turfgrass industry. 

Consultants for its home service and public information divi- 
sion at 2233 Grand Ave., Kansas City, Mo., include Robert 
S cHERY, Chester Mendenhall/ and Stanley McLane. 
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METHIIIIS OF PLANT BMEFJIINO: 
New SeeeiMl Eilitioit 


COTTON OKOWINO FlIOBLEMS; 


By Basil G. Christidis, Director, The Cotton Research Institute, Sindos, Greece, and 
George J. Harrison, formerly Principal Agronomist, U.S.D.A. Cotton Field Station, 
Shatter, Galif. 633 pages, $9,75 

Ht^re is a tlif>ronghly modern treatment of problems confronting cotton producers the world over, witli 
particular emphasis on the x^i'oblems of growers in the United States. It is organized in such a way tliat 
any student of cotton growing anywhere in the world can readily find an answer to his prolilems dis- 
cussed by local authorities. Topics’ covered for the first time in such a text include modern insecticides, 
irrigation practices, chemical weed control, chemical defoliation, and meclianical liarvesting. 


PASTITIIE I*II.O»lJ€Tlt>N AN» MANAME^fENT; 


By R. H. Lush, University of Tennessee. 193 pages, $3.75 

T'his worlc tells how to intensively cultivate, irrigate, and manage pasturt.‘s, .y) tliat tlie produem- of any 
sort of livestock, horn chickens to beef cattle, can secure intensive feeding of a large number of animals 
on a small pasture area. In simple language, the author treats eacli kind of livestock, giving the pasture 
requirements for each. Irrigation in Immkl regions, dry pasturing (rangt* managemmit), silage production 
and treatment, hay i^roduction, and the most desirable pasture plants and mixtures for eacli part of tlie 
eoiuitiy are but a few of the topics diseiLSsecl. 


TOM MEIICI AL FEIITB LI%EilS: New Fit tli' Eilitioii 


By GiLBEAin' H. Coixings, Clemson x4.gricultiiral College. 630 pages, $8.00 

This is the fifth edition of this excellent standard treatise am tlie sources and uses of fertilizer raw iviale- 
riais and the production and use of manufactured mixed fertilizers. Tlie source, composition, and value of 
cacli substance is indicated. Attention is given to the secondaiy and minor as well as the major nutritaits. 
All the chapters in the present book liave been enlarged and, in many cases, rewritten. They include the 
latest information availalde. New tables and illustrations have been added. 


By 'H. K.' Hayes, University of Minnesota, F. II. Immkh, and D. C. Smith, University 
of Wisconsin. McGrcm-IlUi Puhlicaiiom iti the Agricultural Sciences, 557 pages, $8.50 

I’he revision of this standard text and reference work includes new material on geographical origin of 
plants, a mtire extended review of the liasic nature of plants, and cluipiers on heterosis and heritability. 
The topic of breeding for insect aiKh disease resistance is divided into two stT>arule cliapters: TIicita is a 
new discussion of cottoin sorghum, forage crops, and olIi(‘r cToss-pollinatcd plants. All tliis adds iiiark- 
edly to the devchipinent of fundaniental principles and their illustration for specific plants, and presents 
a more complete and current picture for students of plant laeeding. 


Pllt»PA«ATION OF HOIITirULTlTilAL PLANTS: 
Now E«lltloii 


By G. W. Adriance and F. R. Brison, A. & M. College of Texas. McGraw-Hill Pul> 
lications in the Agricultural Sciences, 291 pages, t$6.50 

A thorough n‘vision of a comprehensive discussion of the various inetlKKis of propagation. New material 
is added on seed treatments that hasten germination, soil sterilization, and relative costs iif gremang 
plants in different kinds of hotbeds. Physiological and structural factors that influence successful propaga- 
tion ])y cuttage, layerage, budding, and grafting are included, as arc the use of Iiormones and otlier 
new materials, propagation schcdiiies that are currently benng followed, stock and scion combination now 
being used, and information on pruning. 








/mm *L 




Volume 47 


September 1955 


Number 9 


Photoperiodism in Rice: VII. Photoperiodic Response of Two 

Early Varieties of Rice' 

Gadadhar Misra- 
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M ajor benefits to agriculture from studies of photo* 
periodism have been achieved in the United States. 
Selection of adapted varieties, planting at optimum dates, 
and the storage of plant materials for suitable periods at 
proper temperatures are but a few examples of practices 
related to photoperiodism. 

Beachell (2), Adair (1) and Jenkins (3) have reported 
on the eftects of various day-lengths anc! dates of sowing 
on the flowering behavior of some American varieties of 
rice. Most of the research on photoperiodic response of rice 
has been reported from Japan, India, and Ceylon. From the 
results obtained by Kar and Adhikari (5), Mi.sra (6, 7, S, 
9, 10, 11) and Sen (12) it appears that photoperiodic 
response of rice largely is dependent upon the variety. 
Much more research is needed to understand fully the 
mechanisms of flowering in the rice plant. 

MATERIALS AND METHODS 

^This study was designed to determine the photoperiodic behavior 
of two early rice varieties, T.N. 32 (a selection from Baljati of 
Lucknow district) and T.A. 64 (a selection from Hansharaj of 
Unao district) of Uttar Pradesh. When seedlings of these varieties 
were 10, 20, 30, 40, and 50 days old, respectively, they w’ere sub- 
jected to a lO-hour {S A.M. to 6 P.M.) photoperiod for 1 month. 
In another experiment, seedlings of the same age were given the 
same short pliotoperiod treatment but prolonged until ear emer- 
gence. Each treatment consisted of 20 seedling plants. A control 
(normal photoperiod) was included for comparison. 

Eour seedlings per pot were planted outdoors in five replica- 
tions in a randomized design. The ID-hour photoperiod was attained 
by keeping the pots in daylight from 8 A.M. to 6 P.M. and then 
removing them to a well-ventilated dark room for the remainder 
of the 24-hour Cycle. The initial sowing was made on April 4, 195(). 

Data were recorded on heading date, number of tillers per plant, 
plant yield, and the important components of yield, including num- 
ber of panicles per plant, panicle length, grains per panicle, spike- 
lets per panicle, percent seed set and weight per 1,000 grains. 

EXPERIMENTAL RESULTS 

The data from these studies are .summarized in tables 1 
and 2 and certain re.sponses shown graphically in figures 
1 and 2. Representative plants of the variety T.A. 64 are 
illustrated in figure 3. In general, both varieties gave very 
similar responses to photoperiod treatments and therefore 
the data in table 2 are based on the mean response for both 
varieties;' 


^ This investigation was carried on in the Department of Botany, 
University of Allahabad, India. The writer expresses his deep grati- 
tude to Prof. Shri Ranjan for his guidance and encouragement, to 
Mr. C. M. Bastia for his help in the preparation of the diagrams 
and photographs, to Dr. B. Saniantarai for his valuable criticism, 
and to Dr. I. J. Johnson, Iowa State College, for his help in revis- 
ing the manuscript. Received Jan. 5, 1954. 

^Lecturer in Botany, Department of Botany, Ravenshaw College, 
Cuttack 3. India. 


Time of Heading 

The number of days reejuired from sowing to head 
emergence of the main shoot under different short-day 
treatments is summarized in table 1 and shown in figures 
1 and 3. In all cases, short photoperiods delayed emergence 
of the panicle. The delay in panicle emergence was directly 
related to the duration of treatment. For example, seedlings 
at 1.0-day age subjected to short photoperiod treatment until 
heading were delayed 13 days in comparison to the con- 
trols, while those given a 1 -month treatment were delayed 
9 days in heading. Seedlings more advanced in age when 
placed under short day were retarded successively less in 
heading. This relationship between age of seedling.s prior 
to treatment and delay in heading was essentially linear for 
both varieties. 

Tillering 

The number of tillers per plant was determined at 20-day 
intervals during the ontogeny of the plant. When short-day 
treatments were given until heading, the number of tillers 
was increased when started with older seedlings. Although 
short-day treatments for 1-montli duration did not produce 
as consistent results as with the longer duration, the gen- 
eral trends were the same. In all cases, 10 -hour photoperiod 
reduced tiller development of seedlings exposed w^hen 30 
days or less in age. This apparent inhibitory effect of short- 
day on tiller development with young seedlings and lack 
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Fig. L — ^Number of days from sowing to panicle emergence of 2 
early varieties of rice given short-day (10 hour) treatment when. 
10 to 50 days old for 1 month and for the duration until heading. 


til 



393 


394 


AGRONOMY JOURNAL 


Table L— Effects of reduced photoperiod to 10 hours on number of days from sowing to panicle emergence of the main shoot 

in two early varieties of rice. 


Number of days from sowing to panicle emergence 


Age of seedlings at 
treatment initiation 

Treatment duration one month 

Treatment duration until heading 

laays; 

T.N. 32 

T.A. 64 

Mean 

Delay'*' 

T.N. 32 

T.A. 64 

Mean 

Delay'*' 

lO' ' 

99.2 

99.5 

99.4 

8.6 

103.3 

104.6 

104.0 

13.1 


97.8 

97.1 

97.5 

6.6 

99.3 

102.5 

! 100.9 

10.1 

30 - 

96.0 

96.9 

96.4 

5.6 

99.0 

98.4 

1 98.7 

7.9 



91.4 

92.7 

92.1 

1.2 

91.4 

94.4 

93.2 

2.3 


91.0 

92.2 

91,6 

0.8 

91.2 

93.2 

92.2 

1.4 

Control t 

90.4 

91. S 

90.8 


90.4 

91.3 

90.8 

— 


S.E, of a treatment mean « 0,71 L.S.D. at 5% level -2,0 

S,E. oLa variety mean - 1 , 00 L.S.D, at 5% level -2.8 


■* Delay in days from heading date of control, 
t Normal photoperiod for entire growth period. 


Table 2.— -Effects of reduced photoperiod to 10 hours on expression of characters associated with grain yield in rice. 

(Average values for varieties T.N. 32 and T.A. 64) 


Age of seedlings at 
treatment initiation 

Panicles 
per plant 

Panicle 

length 

Grains per 
panicle 

Spikelets 
per panicle 

Seed set 

Grain 

weight 

days 

No. 

em. 

No. 

No. 

/O 

g. per 1,000 






■ 

grains 


Treatment duration for one month 






4,2' 

18.5 

80.5 

95.8 


21.0 

20 

3.5 

19.5 

89.1 

101.1 

88.6 

21.7 

30„_-_ --L 

3;9 

18.1 

75.4 

86.3 

87,4 

21.7 , 

40 

6.8 

15.6 

47.7 

58,2 

82.4 

21.0 

,50--- — ' _■ 

7.1 

12.7 

37.3 

68.1 

69.8 

20.1 


Treatment duration to heading 




10- - - - - - - _ ... ... - - - ■ 

■2.2 

14.2 

24.5 

46.6 

53,0 

19.6 

■20_- „ - - - - - .. .. .. . 

' ■ ■'■ 2,1 ■ 

14.8 

30.5 

58.8 

52.4 

19.5 

'30 - - - - ... . - ... . . . .. - . ... .. -. 

3.2 

14.1 

36.5 

62.7 

58. 5 

19.5 

40-- — 

6.3 

13.4 

38.2 

65.2 

59.1 

19.7 



6.0 

12.5 

43.5 

75.2 . 

57.9 

19.5 

Control 

4.9 

18.2 

' 72.4 

84.3' j 

86.4 

21.1 


Normal photoperiod for entire growth period. 


of suppression on older seedlings was probably due to the 
fact that older seedlings had initiated tillers prior to treat- 
ment 

Grain Yield 

Grain yield per plant is shown for both varieties and all 
photoperiod treatments in figure 2, Prolonged short-day 
treatment greatly reduced yields, especially when started 
with young plants. At progressively older seedling growth, 
reductions were progressively less; Exposure of rice seed- 
lings to a 30-day short day had very little effect on grain 
yield, regardless of the age of seedling when treatments 
were begun. 

Components of Yield 

Because of the marked differential response of rice to 
duration of short photoperiod, measurements were made on 
several plant characters normally associated with the ex- 
pression of final yield. Since both varieties responded in a 
similar manner, only the average values are presented in 
table 2. The data in table 2 show that the number of 
panicles per plant was reduced when short-day treatment 
was given to seedlings 30 days or less in age. The reduction 
in number of panicles per plant was especially marked 
when the treatment duration on younger seedlings was con- 


tinued until heading. In contrast, short-day treatment to 40 
and 50 day-old vSeedlings for either 1 month or until head- 
ing greatly increased panicle formation. 

Short photoperiod had little effect on panick length 
when 10- to 30-day old seedlings were exposed for 1 
month. On older seedlings, short day reduced panicle 
length. Under prolonged short- day exposure, panicle 
length was reduced for all aiges of seedlings; 

The number of grains per panicle was greatly reduced 
when short- day exposure for 1 month was given to 40 and 
50-day old seedlings and in all cases when the exposure 
was prolonged to heading. With the longer exposure, the 
reduction in grains per panicle was greatest when given to 
the younger seedlings. 

The effects of short photoperiod on number of spike- 
lets per panicle were similar in trend but somewhat 
less in extent than on the number of grains per panicle. 
Percent seed set, based on the grains per panicle and spike- 
lets per panicle, clearly show the injurious effects of short- 
day photoperiod for the longer duration and for 50-day old 
seedlings exposed for 1 month. Grain plumpness was only 
slightly reduced as a result of the long exposure to short- 
day length. 
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DISCUSSION 

Reduction in grain yieki per plant apparently is due to a 
combination of several characters adversely affected in a 
cumulative manner by reduced day-length. The extent of 
response is conditioned both by age of seedling plants as 
well as duration of treatment. Delay in heading iite as a 
response to short photoperiod was similar to that obtained 
with 4 other varieties of early rice of the State of Uttar 
Pradesh (7) and 2 summer varieties of the State of 
Bengal (13) . Kar (4) and Sircar and Parija (14) failed to 
obtain a delay in heading in the summer (aus) varieties 
studied by them. It would thus appear that the effects of 
short photoperiod differ among varieties. The photoperiodic 
response of these two early varieties was somewhat similar 
to that of midseason varieties (7). 


Fig. 3. — Growth characteristics and panicle development of early 
rice variety T. A. 64 at normal photoperiod (control) in com- 
parison wth 10 hour photoperiod until heading given to seed- 
lings at different ages from 10 days (pot 2) to 50 days (pot 6). 


SUMMARY 

The effects of short photoperiod were studied on two 
early varieties of rice, T.N. 32 and T.A. 64. Short day 
lengths were given to 10, 20, 30, 40, and 5()‘day old seed- 
lings for 1 month in one series of experiments and until 
the time of panicle emergence in another series. 

Short photoperiods delayed the first panicle emergence 
in both varieties in a similar manner. Retarded heading 
was greatest when the treatment was applied to young 
seedlings 10 days old and was progressively less with older 
.seedlings 20 to 50 days old in essentially a linear manner. 
Delay in heading was greater when short photoperiod 
extended until panicle emergence. 

Reduced day-length adversely affected yield per plant 
largely through the cumulative effects on number of pan- 
icles per plant, panicle length, grains per panicle, spikeiets 
per panicle, and percent seed set. Marked reduction in 


plant yield was obtained only w^hen shc'>rt day length was 
applied to young seedlings for the entire duration of plant 
growth up to panicle emergence. Yield reduction was pro- 
gressively less when seedlings w^ere more advanced in age 
prior to treatment. 
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Fig. 2. — Grain yield in grams per plant of 2 early varieties of rice 
given short-day (10 hour) treatment when 10 to 50 days old 
for 1 month and for the duration until heading. 



X-Ray Breeding of Peanuts [Arachis hypogaea L.)' 


Waitou C. Gregory" 



T he successful production of useful mutations in small 
grains has been reported by Gustafsson (4), Shebeski 
and Lawrence (11), Mac Key (10), and Frey (3). 
Humphrey (8) has reported similar results with soybeans. 
Andersson and Olsson (1) have described an outstand- 
ingly improved variety selected from an X-irradiated popu- 
lation of white mustard, a cross-pollinating species. Freis- 
leben and Lein (2), Konzak (9), Mac Key (10), Frey 
(3), and Cooper and Gregory (unpublished) have shown 
that, by means of irradiation, it is piossible to produce 
strains of plants with greater resistance to several plant 
diseases. In the lower plants, increased yields of fermenta- 
tion products have been reported by Hollaender (6) and 
by Hollaender et d. (7). 

In these reports (excepting Hollaender (6)) the im- 
proved yields obtained from irradiated stocks have been, 
associated with individual mutations which through spe- 
cialized reactions with the environment have made possible 
greater giiins. Thus for example Gustafsson ( 5) reported, 
that certain of the erectoides mutants of barley, because of 
their stiff straw, permitted higher nitrogen, fertilization and 
thus higher yields. Frey (3) attributed the large differences 
in yields among control and irradiated progenies of oats to 
differences in stem rust resistance rather than to the muta- 
tion of yield genes. Although quantitatively changed char- 
acters have been measured, the variation in otherwise 
normal -appearing members of irradiated fsopulations has 
not been studied per se nor from the standpoint of the 
p»ossible polygenic character of that variation. 

In his work with the ultra violet radiation of FeuicHlium 
notatum [ymdi AspergUlm Hollaender (6) pointed 

out that there seemed to be little if any relation between 
morpho logical mutation and change in penicillin produc- 
tion; he stated, 'kis a matter of fact the normal-appearing 
cultures have a tendency to give the higher yields.” Flol- 
laender also indirectly suggested a polygenic control of 
increased fermentation products in his discussion of the 
occurrence of the much higher frequency of mutants with 
low p>roduction compared to the frequency of mutants with 
high production, the hypothesis being that a single change 
can block an enzyme sequence reaction while several 
changes would be required to augment production. 

In the present experiment wdth peanuts, Gregory et d, 
(unpublished) have shown that a continuous ''spectrum” 
of deviation from normal exists wathin mutants in popu- 
lations of plants following irradiation w^ith X-rayS- The 
most plausible explanation of this graded expression of the 
same mutation in different X.j families of self-pollinating 
plants is that the differences are due to modifying effects 
of the background genotype. This reasoning has led to the 
hypothesis that the normal-appearing members of irradi- 
ated populations may be variously mutated with a large 
number of small individually inconsequential changes 

^ Contribution from the Agronomy Department, North Carolina 
Agr. Exp. Sta., Raleigh, N, C. Published with the approval of 
the Director of Research as Paper No. 622 of the Journal Series. 
Received Feb. 28, 1955. 

^ Professor of Agronomy, North Carolina State College. This 
work was supported by the U. S, Atomic Energy Commission as 
part of Contract AT- (40-1) -265. 


which, in the whole, form a sound basis for artificial and 
natural selection. 

In the results presented here two experiments designed 
for a preliminary exploration of this hypothesis have been 
reported: (1 ) to estimate the total genetic variance and the 
effect of selection in a c]uantitative character (yield) 
among the prcigenies of randomly selected normal-appear- 
ing plants, and (2) to measure the performance of normal- 
appearing plants of greater than normal vegetative vigor 
from the same populati{.)n, 

MATERIALS AND M:ETH0DS 

Tiie study reported liere was contlucted w ith a siiigle uniform 
\'ariety of Virginia Bunch peanuts. Tlie variety had its origin 
in a single plant selection made by P. H. Kinie in 1952. Farrior" 
contlucted a study on peanuts wherein a large nurnber of inchh-idual 
plants from several varieties was selected and tested for yielding 
ability. By comparing a pool of tlie higher yielding plants with a 
pool of the loNS’er yielding plants within variety, Farrior concluded 
that mass selection for yieUI was without effect in Virginia pea- 
nuts. Earlier, Steinhauer c/ (12) conducted a similar study 
with similar results. Self-pollination is the rule in cultivated pea- 
nuts; and in the variety and area used in this study, it can be 
taken as occurring almost without exception. 

In February 1949 four lots of peanuts were given four differ- 
ent preliminary treatments with 2,500. 5.000, 10,000, and 20J)00r 
units of X-rays, These irradiations were carried out by the per- 
sonnel of the Biological Laboratories, Oak Ridge National Labo- 
ratory, Oak Ridge, Ten n. 

Eight replicates of 16 seeds each and 8 replicates of 13 seeds 
each of every treatment and of untreated controls were planted 
in randomized complete blocks in 2 greenhouse benches, and data 
Avere taken on seedling survival. Survival in percent of seeds 
planted was as follows 54 days after seeding: control, 88.8; 2.500r, 
87.5; 5,{)D0r, 89.2; lO.OODr,' 60.3; and 2().0()0r, 306. These data 
were then used to determine the Final dose for the experiment. 
Assuming that the mutation free] uency would increase with dose 
up to the LD 50, it could be seen tliat the maximum number of 
mutations should he obtained with a dose between 10,0(10 and 
20, OOOr, Thereupon 50 pounds of peanuts were irradiated with 
X-rays at 10,()00r and 50 pounds between 15.000 and 20,000r. 

The Final treatments given and the approximate number of 
seeds in each treatment are given in table 1 . After treatment each 
lot was planted in the conventional way. Untreated peanuts of the 
same v-ariety were planted in tlie same field as a control. 

When peanut .seeds are treated with X-rays, the seedlings vary 
in their reaction to the irraiiiation in a manner similar to that of 
other organisms. After a certain dose is readied, a few seedling.s 
die, still more are severely injured, and some are virtually normal 

Table 1. — ^Radiation treatment.s (X-rays) of field planted 
peanut seeds 1949.''' 


No. of seed 

37,500,..- 

12,500. . - 

12,500--., 

12,500 

7 5 , 000 - Total Seeds 


'■ Moisture content of the seeds ■ 


10, OOOr =^10% 
16, OOOr ±15% 
17,500r±15% 
18 , 500r ±15% 


Farrior, J, W. The improvement of Virginia-type peanuts by 
mass selection. (Unpublished thesis) North Carolina State College, 
1941. 
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GREGORY: X-RAY BREEDING OF PEANUTS 


Table 2— Mean squares for progenies in sets for X, Classes A, 
B, and C shown w^ith their appropriate errors. 

Yield in dry weight of fruits. 


Source of variation 

Degrees 

freedom 

Mean 

squares 

p 

A progenies in sets 

176 

57,239 

3.18 

B progenies in sets . 

176 

52,194 

2.63 

C progenies in sets 

176 i 

28; 493 

1.42 

Error A : - - 

! 352 ; 

17,993 


Error B - - - - ' 

352 ' 

19,825 


Error C - ' 

^ 352 

20,093 



Table 3. — Xi class means and estimated genetic variances 
among progenies (1951)." 


X i class 

1 Means (gs.) 

Estimated or -g 



747.00 

13,082 

B ^ .■ 

1 746.95 

10.790 

C... 

833.49 

1 

2.801 


in appearance. A portion oi the 18,5{)Ur treatment was classified 
as to Xi injury. 'Fhe severely injured Xi seedlings were given the 
symbol A, tiie normal Xt seedlings were designated as B, while 
control seedlings were called C. Finally 1,118 A plants, 893 B 
plants and l,20t) C plants were ciassiiied. The A, B, and C sym- 
bols hace been retained throughout the experiment. These plants 
w^ere harvested indi\ iduany and provided the material for the pres- 
ent experiments. The remaining Xi plants were used for other 
purposes to be reported elsewhere. 

Seeds from each A and B plant were planted in a progeny row 
in 1950. Each plant in the progeny rows of A and B was classi- 
fied according to type and degree of mutation. There were 899 
''A“ progenies and 871. progenies, a total of 84,213 Xa plants. 

Seeds each X- mutant plant and of not less than two ’nor- 
mal’' plants per X- progeny were planted in progeny rows in 1951. 
From u total of 13,441 Xa plants ca. 250,000 Xn plants were grown. 
Approximately 132,000 of these received detailed phenotypic 
classification.’ 

In 1951, the e:-:periment designed to estimate the genetic vari- 
ances in yield among progenies of normal -appearing Xa plants from 
X,tA, XfB, and control was conducted. A progeny of a normal- 
appearing plant from each of 192 randomly chosen Xa families 
of the XiA group, a similar selection Aoni each of 192 X- 
families of the XiB group, and progenies of a random sample of 
192 control plants were used to make the estimates. The basic 
design of the experiment was as follows: Twelve each of randomly 
selected progenies of XiA, XiB. and control families were planted 
to randomly arranged blocks of A, B, and C respectively in a set. 
Once assigned to a set, a group of progenies remained associated 
in the same set in all repikatiems. The progenies \vere randomized 
within blocks, and blocks A, B, and C fell in random positions 
in sets. The whole, 192 each of A, B, and C fell into 16 sets 
which were randomized in each replication. There were 3 repli- 
cations at I location with single row plots 3 by 18 feet. This trial 
was designated as ’’1951 

In 1952 the effect of selection in the Xt was estimated in the 
Xi generation w'here the 10 higiiest yielding progenies from the 
1951 experiment were compared wth 10 progenies from among 
the 15 to 20 h'west yielding progenies froin each of the classes 

* Acknowledgement: This report is a part of a large project car- 
ried out by many people. These persons, some of whom will pub- 
lish their contributions independently, are: R, L. Bernard, W, E. 
Cooper, J. M. Eason, R. O. Hammons, Astor Perry, Ben W. .Smith, 
and John A. Yarbrough. It is a pleasure to acknowledge the help 
of these men in the present study. R. E. Comstock, Department of 
Experimental Statistics, North Carolina State College, gave unspar- 
ingly of his time and advice on the statistical analyses and esti- 
mates of genetic variance. 


XiA,^ XiB, and C. This experiment was called the Selection 
Test.” The high group was replicated 7 times, the low group 
4 times. Plot size was 3 by 60 feet in single rows. 

Also in 1952, the experiment designed to measure the yield per- 
formance of normal-appearing plant.s of greater than normal vigor 
was carried out. In this experiment the only criteria used for choos- 
ing entries were normality of appearance and exceptional vegetative 
vigor. Thus, in a sense this experiment served to measure an exten- 
sion of the class which might otherwise have been 

missed in a random selection. This experiment designated as the 
"XtYT" was conducted with individual Xa plant progenies in the 
X .1 generation. There were a total of 48 completely randomized 
entries, including control in 4 replications at 1 location. Plots were 
3 by 18 feet in single rows. 

The yields were measured in dry weight of fruits in each experi- 
ment. The weights were recorded in grams per plot for the ”1951 
oFg” and the ”X,A^T” experiments, and in pounds per plot for 
the 1952 ''<r-g Selection Test.” 

Appropriate analyses of variance were made on each experiment 
and the total genetic variance estimated in the 1951 Y-g by 

where cFp .z= the mean square for progenies A, B, or C 

in sets, o'“e ~ the mean square for error A, B, or C in sets, and 
k := the number of replications. Additional yield trials were con- 
ducted in 1953 and in 1954 to confirm the results obtained from 
selection in 1951 and in 1952. 

RESULTS 

The results of the 'T951 experiment are given in 
tables 2 and 3. In table 2 the pertinent mean squares from 
the analysis of variance of the 1931 tr-g are given. Note 
the uniformity of the errors of A, B, and C on which the 
valid comparison of the A, B/and C progenies so strongly 
rests. 

Table 3 shows the X,, means of classes A, B, and C and 
the estimated genetic variances ((j"g) arising from progeny 
to progeny diflerences within each class. It is important 
to point out that the estimated genetic variance for control 
is significant. The difference between the means of A and 
B is not significant; nor is the difference between their vari- 
ances significant. The differences between A and C and 
between B and C are highly significant in both means and 
variances. 

In order to determine whether or not effective selection 
for increased production could be made in these 3 popula- 
tions, the 10 highest yielding entries of A, B, and C were 
selected and compared with each other and with similarly 

Table 4. — -The mean yields of dry fruits of the highest yielding 
10 progenies and 10 progenies from among the lowest 
15 to 20 progenies in 3 classes of plants, Xi A, 

Xi B, and C from the 1951 ff-g experiment. 


Average X 3 yield of dry fruits (1951) 


High group (g.) 


Low group (g.) 

. ' A . 

B 

C 

A 

B 

C 

1117.3 

1064.3 

1112.3 

267.7 

361.3 

511.0 

1064.3 

1033.0 

1078.0 

339.3 

390.0 

611.3 

1052.3 

1029.0 

1067.0 

348.7 

478.7 

639.3 

1015.0 

1023.0 

1023.7 

387,0 

482.3 

648.3 

1013,0 

1002.3 

1018.3 

392.7 

502.7 

648.7 

1000.7 

993.7 

1017.3 

408.7 

524.3 

652,3 

997.7 

984.3 

1007.0 

471.0 

529.0 : 

654.0 

986.3 

981.0 

1007.0 

506.7 

535.0 

659.0 

966,3 

971.0 

1000.3 

508.7 

554.0 

661.7 

966.0 

967,0 

993.3 

588.0 

554.3 

674.0 

Means 1017.8 

1004.9 

1032.4 

417.3 

491.2 

636.0 
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selected lowest yieldiJig progenie^^ the '\rg Selection 
Test” Table 4 gives the yield values in grams per plot of 
these high-low selections for the year (1951) in which the 
selections were made. 

Table 5 gives the results of the <T-g selection test (1952) 
in mean pounds per plot It can be seen from table 5 that 
the A-high; B-bigh, C-high, and C-tow means were virtu- 
ally identical. The A-iow and B-low groups were highly 
significantly different from the high groups and the C-low 
group and very similar to each other. From the 1952 data 
presented here, there seemed to be little reason to suspect 
that any of the high lines of A, B, or C were outstanding. 
That this did not prove to be the case is shown in line two 
of table 7. 

In the Xjj and X;v populations, the phenotypic variability 
with regard to vegetative vigor was extraordinary. In addi- 
tion to the dwarfs and the steriies, the curled, the maimed, 
and the normals, there occurred with moderate frequency 
in the irradiated populations a number of normals which 
were of greater sae and vigor than control. (For an illus- 
tration of one of these vegetatively vigorous normals after 
six generations of inbreeding compared to control, see 
figure 1.) 

In table 6, the 10 highest yielding vigorous normals and 
their mean are given in comparison with the 10 lowest 
yielding and their mean, the mean of the trial, and the 
mean of control from the X.j YT experiment. 

In order to substantiate the inference that these high 
yielding vigorous normals were superior to control in yield 
as well as in vegetative vigor, yield trials were conducted 
during 1953 andl954.*p 

Of these lines, several have survived in the selections 
following these evaluations. The relative performance of 
the best lines with respect to each other and leading 
commercial varieties released by the North Carolina Agri- 
cultural Experiment Station are shown in table 7. 

DISCUSSION 


Table 5.-— The mean yields of dry fruits of the highest yielding 
10 progenies and 10 progenies from among the lowest 
15 to 20 progenies in 3 classes of planis, Xi A, 

B, and C from the 1951 
experiment in 1952. 


High group (7 reps . ) 

Low group (4 reps . ) 

A 

1 B 

C 

A 

B 

C 

12.54 

11.75 

12.21 

8.06 

10.00 

: 12.50 

11.86 

12.50 

12.21 

9.06 

9.38 

12.37 

12.14 

12.32 

13.00 

9.62 

9.19 

12.88 

11.93 

12.25 

12.71 

10.06 

9.81 

! 12.25 . 

12.00 

12.50 

12.68 

9.12 

9.38 

12.37 

12.39 i 

12.89 1 

11.64 

9.50 

10.81 

11.75 

12.71 

12.89 : 

12.50 

10.87 i 

11.12 

12.81 

12.18 

12.14 

10.93 

8,38 i 

8.50 

12.75 

10.60 

11,71 

12,86 

10,44 

11.44 

10.81 

11.14 

10.96 

11.32 

10.19 

10,06 

12.88 

Means 11.95 

12.19 

12,20 

9.53 

9.97 

12.34 


Table 6.-— Xi YT, mean yields of the 10 highest and 10 lowest 
progenies 1952. Dry weight of fruits, grams per plot.'*' 


High group 


1880.0 

1802.5 

1858.7 

1826.7 

1778.2 

1777.7 

1678.5 

1709.5 

1645.2 

1644.7 

Means 1775,2 


All 48 
entries 

Control 





















1478.0 

■'■1372.5 


Low group 


686.0 

806.5 

1038.7 

1063.2 

1094.0 

1128.0 

1248.2 

1268.7 
1289.0 
1306.5 

1088.8 


" Difierc'Ucvs iuiumir nieatu highly 


The data presented here suggest that the use of ionixing 
radiations may not only be valuable in the production of 
specific changes such as disease reaction .specificity in plants, 
but may be of general breeding value in agronomic pro- 
grams. This is further brought out by the almost unbeliev- 
able variety of plant forms and reactions observed. 

This same experience, howex^er, would suggest caution 
in taking too liberally the suggestion that spec! 
in already adapted varieties may be induced without affect- 
ing the background genotype in adaptability. 

In evaluating the relative performance of the superior 
mutants reported here to that of the control, it should be 
borne in mind that this control is itself a highly selected, 
highly adapted commercial stock which has been used for 
years as the standard against which new varieties must 
compete. The failure of the two new varieties (which will 
on the average out-perform the control stock) to equal the 
control in the experiment reported in table 7 illustrates 
how difficult it is to make definite statements concerning 
superiority. 

The experiments reported here do not prove that multi- 
gene differences of small magnitude are responsible for the 
quantitative variation reported. The variation measured was 
inter family variation and goes back to X^ plant differences 

® 1954 trials destroyed by Hurricane Hazel, Oct. 15, 1954. 


Table 7.----Yiek]s of the highesl single line from the 10 X? YT, 
10 AJ-Bj 10 Control, compared to 2 check varieties in 
lO-repIkate trials at 2 locations in 195.3. 


Source 

■■ . Variety ■ 

Yield (lb.. A.) 

1 Mean of two 
j locations 


' X,YT 

2804 

Irradiated.. _ . .. 

Ari-B' 

2801 


Control 

2671 

Non-Irradiated.._ 

t,' 'NC-IY 

2568 


..■■NG~r:' : 

2526 


LSD 0.05 

158 


* Recently released varieties of peanuts in North Carolina. In 1954 in 21 
trials in 8 counties NC-2 averaged 15% higher yields and 25% higher dollar 
vahie/acre than the farm varieties with ^Yhich it was compared. 


in its origin. Furthermore, in order to get a more accurate 
evaluation of the hypothesis that the quantitative variation 
is of polygenic nature, inter-plant crosses within families 
with similar measurements and analyses will be required. 
Nevertheless, the normality of the plants measured, taken 
together with the multi-mutated character of their X., and 
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GREGORY: X-RAY BREEDING OF PEANUTS 


X-j sibs suggests the possibility of more than one small 
genic change in the normals, the genetic variation of which 
equaled four times that of the control in the character 
measured. It has been shown that the plant expression 
‘'normal” or in genetic terminology "wild type” may result 
from many different induced genotypes and that these have 
been exploited successfully by selection for the agronomic 
improvement of the plant. This is extraordinary in the 
sense that the broad genetic base for "wild type” in nat- 
ural populations has been generally considered to have 
resulted from the effects of selection. The fact that there 
have been obtained in the inbred plants used in this study, 
simultaneous and numerous mutations to only normal sug- 
gests a greater adaptability of the organism than has here- 
tofore been supposed; this may be of considerable signifi- 
cance in the better undefstanding of the evolution of self- 
pollinated plants, or for that matter, of evolution generally. 


SUMMARY 


Fig. i. — Vigorous X-ray normal (right) compared to untreated 
control peanuts (left) six generations after treatment, 1954. 


The amounts of genetic variation in a quantitative char- 
acter, yield of dried fruits, have been estimated in proge- 
nies of X-irradiated peanuts. The total genetic variance was 
measured in X, plant progenies in the generation and 
in terms of progeny to progeny differences. Each progeny 
traced to an individual family. Each family traced to a 
single seed which received the irradiation, treatment. 

The estimates of genetic variation were made on normal 
plants only, i sample of which was randomly chosen from 
3S4 different X^, families. An additional sample consisting 
of 48 X., plant progenies was selected from normal but 
vegetatively vigorous mutants. 

The total genetic variance among the randomly chosen 
irradiated normals was four times that measured in control 
progenies. Several high yielding mutants were recovered 
from the populations studied. 
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Dormancy in Cotton Seed' 

Basil G. Christidis" 


I T IS a matter of common experience that ordinary seed 
viability tests, conducted soon after harvest, are not 
always reliable. In some species of plants, seeds need to go 
through a resting period known as primary dormancy 
before they wall germinate (9). Germination under un- 
favorable conditions of light, temperature, moisture, or 
aeration, may also thrown seeds into dormancy, so that they 
will not germinate when exposed later to proper condi- 
tions. This is a secondary type of dormancy and a review- 
of the literature involved, wdth some facts and theories on 
the development, continuation, and breaking of secondary 
dormancy, w^as given by Thornton (24, 25 ) and Bibbey (2). 

Delayed germination may be associated wdtli structure of 
the seed coats (8, 19, 20, 23). Moreover, some plants skwv 
a special (epicotyi) dormancy which may be overcome by 
exposing them to temperatures betw^een 5 and after 

the formation of the roots (1) . A detailed account ol dor- 
mancy in seeds wars given by Crocker (10) and Crocker 
and Barton (11). 

The period of primary dormancy in wheat, oats, barley, 
or rye varies between 1 and 21A months (IS). Its length 
depends on stage of ripeness of the seed, temperature of 
storage, winter or spring habit of the plants and the variety 
used. Several other workers (13, 12, 7, 14, 4, 21) studied 
dormancy in cereals and obtained similar results. According 
to Browm, et aL (3), dormancy is a varietal characteristic, 
but moisture, as w^ell as temperature, is of importance in 
maintaining dormancy (freshly harvested seed of oats and 
barley, kept at about 2*^' C. in a relatively high humidity, 
maintained dormancy for a period of 3 years). 

In the ca,se of cotton, seeds from bolls immediately after 


institute. Three of these varieties, known as 2x. Ik and 13*^ re- 
.spectiveiy (3) were chosen for studying dormancy. The hrst t\sa> 
are Gossypium hirsutum types produced in Greece by selection, 
whereas the third was bred from a cross betw een G. hirsuttim and 
Egyptian (G, harhadense) cotton. For each variety or kind of irri- 
gation, three pickings were made; the first (A) included bolls 
opening from Sept. 8 to 15, the second (B), those opening from 
Oct. 1 to 7, and the third (C), from Oct. 22 to 29. Thus the 
total number of different seed groups were hS (3 varieties >( 2 
irrigations X 3 dates of picking); to minimize effects of soil het- 
erogeneity, bolls were obtained from all six plots available for 
the same treatment. After every picking, the seed ci>tton was ginned 
in each group and the resulting seed stored for further study. 

From the above 18 seed groups at certain intervals, representa- 
tive samples were taken for germination tests. .Six such tests were 
made in all: the first tliree, 3 days after the day of each picking 
(i.e. on Sept. IS. Oct. 10 and Nov, 1, !9-{8), and the remaining 
three on Nov. 22. 1948, Jan. 3 and April 2, 1949 respectively. All 
tests were made in an electric Copenhagen-type germinator with 
automatic temperature control. Eight replicatijuis were used for 
the first test, 6 for the second, and 5 ftvr the remaining ones with 
sample.s of 50 seeds each. 4'he teniperature in the geianinator was 
kept at about 30'’''C. with the usual technique, as decribed by 
Christidis and Harrison (6). To avoid any positional effect in the 
germinator, the arrangement of the samples was niade according 
to a split-plot design, vvhere the main samples were varieties X 
irrigation, and the sub-samples dates of picking. 

In addition to germination percentage, rapidity in sprouting also 
was determined by estimating for each satnple the ntean number of 
hours needed for germination. This constitutes a new approach for 
detecting any delaying effect of dormancy on the germination of 
cotton seed. Moreover, in order to test whether differences in ger- 
mination w’ould be of any practical consequence to the succeeding 
crop (in 1949), a field test also cvas arranged with the 18 .seed 
groups using a split-plot design with 6 replications of 3-row^ plots, 

■ RESULTS 


dehiscence also go through a period of dormancy and ger- 
minate poorly unless dried and stored for a few weeks 
(22), Upland varieties did not differ in this respect where- 
as the sea- island strain tested showed practically no dor- 
mancy. Further evidence of varietal differences in dormancy 
has been obtained in later experiments, which also indi- 
cated that with seed coats removed, there was no tendency 
for dormancy (23) . In Arizona, evidence of dormancy, as 
judged by the viability test, existed only for 21 to 30 days 
after dehiscence wdth Upland varieties. In American- 
Egyptian varieties, differences were small and insignificant 
( 15 ). 

The present study was desigaed to provide further evi- 
dence on the importance and practical consequences of 
dormancy in cotton seeds. It was suggested by actual diffi- 
culties faced in Greece while applying a seed propagation 
project Certain seed, known to be of good quality, ger- 
minated poorly when tested in November; three months 
later, however, the same seed proved to possess an excellent 
viability, 

MATERIAL AND METHODS 

In 1948, a variety test of the ‘'balanced incomplete blocks” 
design, with 25 cotton varieties and plots receiving light or nor-, 
mal irrigation, had been carried out at the Hellenic Cotton Kesearch 

^ Paper communicated to the 8th International Congress of Bot- 
any (Section of Agricultural Botanjri, Paris, July 2-14, 1954. Re- 
ceived Feb. 24, 1955. 

'Cotton Research Institute, Sindos, Greece, 


The data on germination obtained in all six tests are 
given in table 1. Since irrigation, or any of its interactions, 
in no case had any significant effect on the rate of germi- 
nation, the data in table 1 are means for light or normal 
irrigation. Because the interaction of variety X date of 
picking reached the level of statistical significance only 
once (and then because variety 53 A gave abnormal results) 
only data based on averages are presented in figure T. 

Data on time of sprouting are presented in table 2 for 
plots given light or normal irrigation. 

Since resting conditions can never be entirely the same 
in different tests, the effect of *'time of storage after boll 
Opening”, as showm in successive tests, is irrevocably con- 
founded with '’testing conditions”. In the case of rate of 
germination, the data appear rather uniform except of those 
for the Jan. 1 test, whi^^ have been omitted in figure 1. 
Regarding time of sprouting, however, the data seem more 
sensitive. Accordingly, in each test and for every variety, 

.. lOO(C-A) 1()()(B-A) , 10{)(C-B) 

quantities 2 . ^ X, L ^ and 

. A , ' ■■ A . 'B . 

were worked out and the result (averaging differences for 
all three varieties, or the above quantities for every variety), 
is illustrated In figure 2. 

The data obtained from the field test in 1949 are not 
given in this paper. The results showed conclusively that 
seeds from various pickings (A, B or C) had no effect on 
either yield of the following crop, lint length, earliness in 
maturity or ginning out-turn. 
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CHRISTIDIS: DORMANCY IN COTTON SEED 

Table 1. Cjefmination percentage in successive tests of varieties of cotton at three dates of boll openings Sindos, Greece. 



Date of test 


Seed groups 

1948 

i 

1949 

Sept. 18 

Oct. 10 

Nov. 1 

Nov. 22 

Jan. 3 

Apr. 2 

2x - 

80.4 

92.8 

93.0 

93.8 

83.4 

96.0 

B - , .. ... 

— 

73.7 

80.8 

91.8 

73.0 

94.6 

C .. _ ... _ ... - - ... . „ „ ... 



— 

70.6 

81.4 

77.6 

91.2 

Mean 

80.4 

88.3 

81.5 

89.0 

78.0 

93.9 

2r ■ A...:.,..,,,- : 

71.8 

91,8 

94.8 

96.8 

78.4 

95.8 

B- 

— 

69.0 

85.4 

96.0 

71.8 

94.0 

C.. .. 

. 

— 

75.8 

88.8 

87,6 

89.8 

Mean _ _ 

71.8 

80,4 

85.3 

93.9 

79.3 

93.2 

53 A A. 

65.6 

86.3 

90.2 

93.6 

77.4 

89.6 

B 

— 

62.2 

79.4 

92.2 

65.0 

86.8 

c:.... 

— 

— 

80.8 

81.4 

74.6 

84.2 

Mean 

65.6 

1 ■ ' ^^4.3 ■. 

83.5 

89.1 

72.3 

86.9 

A 

1 72.6 

90.3 

92.7 

94.7 

79.7 

93,8 

B...„,.. ' 

: ■ . 

68.2 

81.9 

93.3 

69.9 

91.8 

C ■ 

“ 

— 

75.9 

83.9 

79.9 

88.4 

General mean , . 

72.6 

79.3 

83.5 

90.6 

76.5 

91.3 

L.S.D.: 







Varieties 

; 7.9 

5.7 

n.s. 

2.8 

5.4 

2.7 

A, B, C, 

i 

1 3.3 

2.8 

; 2.0 

5.3 

2.0 

Interaction : . 


■ n.s. 

4.9 

n.s. 

n.s. 

n.s. 



DISCUSSION 

If by dormancy we mean a temporary inability of, or 
delay in germination, the data from this study leave little 
doubt that such definitely occurs in the cotton seed. Regard- 
less of the date of boll dehiscence or the variety studied, 
seed tested soon after boll opening did not germinate fully. 
Before reaching its complete viability, cotton seed needs 
several days of rest, depending on date of maturity, variety, 
and, no doubt, other factors. For bolls opening early in the 
.season, about 25 days are .sulficient to enable the seed to 
germinate satisfactorily (about the same interval is given by 
Idsi and Reeder (15 ) . Bolls opening later, however, recjuire 
over 40 days, and the last to mature may need 5 months or 
even more. Differences between varieties were not clear cut, 
but were unmistakable for the A merican-Egyptian hybrid 
53A. Light or normal irrigation did not appreciably affect 
the rate of germination. 

A more pronounced effect of dormancy was observed in 
the data on the rime of germination (table 2). Seeds tested 
soon after boll dehiscence require a considerably longer 
time for germination than those from successively later 
dates. Differences (C-— A), (B— A) or (C— B), expressed 
as percentages of the sprouting time needed by the seed 
with the earlier boll dehiscence (figure 2a), show^ beyond 
doubt that in the extreme case (C — ^A), an almost 100% 
difference decreases gradually with the time of storage. 
Even 5 months later, however, seed C germinated later 
than A by about 25%. The same applies to differences 
(B-— A) and (C—B), but these differences are necessarily 
smaller since the difference in time of boll dehiscence be- 
tween B and A or C and B, is smaller than C and A. On 
the other hand, the effect of variety was quite important, 
particularly during the first 2 months after picking (figure 



Dale of lest 

Etc. 1. — Rate of germination, as affected by the date of boll 
dehiscence (a) or variety (b), in successive tests. 





Table 2.— Meao time of sprouting (in hours) for different cotton varieties and dates of boll-opening, in successive germination tests. 





' .Date of "te-st 



Seed groups 


1948 


1949 


Sept. 18 

Oct. 10 

Nov. 1 

, Nov. 22 

Jan, 8 

Apr. 2 

2x'.-.A,_..3.-' ■ 

86,4 

60.8 

58.9 

84.0 

42,5 

55.2 

' .B__ ■ 

■' 

99,6 

80.0 

116.0 

56 . 2 

58.7 

. ' : - 



— 

112.0 

148.5 

68 . 5 

67.0 

Mean: 

S6.4 

SO. 2 

81. » 

114.5 

55 . 7 

60.8 

2 r . A 

92.2 

59.9 

54 . 8 

74.7 

45.0 

55.2’ 

B..: : ■ 

.. 

128.6 

85 .■() 

108.0 

56.9 

68.5: , ' 

c 




121.2 

188.0 

74.8 ■ 

68.1 

Mean..,. ... c... ■ L .■ * - 

92.2 

91.7 

86.8 

106.9 

58.7 ■ 

62.8 

5BA' ' A-._. : 

^ 87.1 

62.5 

62.1 

■81.2 

47.0 ■ 

57 . 4 

. B-,.._ 

— 

86.4 

79.1 

101.8 

' ,57.5 

68.4 

; G , 

, — — . 



105.6 

, 181.8 

58 . 7 

68,0 

, ■ Mean^ ; - 

87.1 

74.4 

82 . 

■104.9 

1 

■ 54.4 

62.9 

■ 'A- 

! 88.6 

61.1 

i ■ 56.7 ' i 

i 80.0 

1 ■ 44.8 

55.9 

B - : : 

'. 

1(18 ,2 

81.4 ■ ■: 

1 ■ 108.6 

1 ■ 56.9 

61.9 

. C- ' c..',;:..,..; 



,112.8 . ; 

1 ■ ,187.8. , ; 

i 67.2 .■ ; 

67.7 

General .'mean „ - . - .. 

j,' 88.6 ■ 

■ 82.2 

1 . ,88.6 ■ 

108.8 ; 

56 . 8 

61.8 

L.S.D.! 






i 

Varieties. ■. , 

n.s. 

5.6 

4.1 

: . 5.7 ' i 

8.0 I 

I n.s. 7" 

■■ A, ,B,C, ..■- 


8.9 

4.2, , . 

1 ■. , 5.1 ■■ .■ i 

■ 8.1 ■ ■! 

i, 2.8 

•' . Interaction’.., . , .. .. - „ 

~ — 

. :6.8 

■ ,7.8 

' I 

5.4 ■ 1 

.,n.s. , " 


2b), and the interaction variety X date of boll opening 
also proved to be significant 

The evidence discussed in the preceding paragraphs 
points definitely to the conclusion that cotton seed goes 
through the resting period of dormancy. Judged by the rate 
of germination, it may last from 2.5 to as many as 150 days 
(according to circunistances) , whereas according to its effect 
on the eariiness of germinationi its duration extends to 
several months (in the American-Egyptian variety 53A 
dormancy effects are less pronounced than in the other two 
varieties). Accordingly, soon after harvest, the viability of 
cotton seed cannot safely or accurately be assessed by the 
ordinaiy' test SpeciaE methods are needed in this respect, 
and the one suggested by Lakon (16, 17) seems very 
promising. 

Whatever the effect of dormancy on the rate or earliness 
of germination, the respecti\’e seeds proved equivalent for 
sawing purposes. Four of the most important agronomic 
characters of cotton, i.e. yield,: lint length, earliness in 
maturity, and ginning out-turn, remained unaffected. The 
common practice widespread among farmers, namely, to 
use seed from only first pickings, does not seem warranted 
in the light of this study. 

SUMMARY AND CONCLUSIONS 



Dale of lesl 


1, Experiments were carried out in Greece, at the Cotton 
Research Institute, for studying the effect of dormancy in 
cotton seeds. 

.2, As judged by the rate of germination, dormancy 
effects may last from 25 to as many as 150 days, depending 
on the date of boll dehiscence, variety, and possibly other 
factors, No differences were found between light and 
normal irrigation. 

3* la eariiness of germination, dormanq^ had a \^ery pro- 
nounced effect lasting for several months. As in the rate of 





•Fig. 2. — Eariiness in sprouting (differences C-A, B-A. or C-B, as 
percentages of the time needed by the seed with the earlier date 
of dehiscence), according to date of dehiscence (a) or variety 
(b), in successive tests. 


germination, this effect also varied under different condi- 
tions. 


4, Differences in dormancy may be found betw'een vari- 
eties, including an American-Egyptian hybrid, 

5. Seeds differing in dormancy, when sown later in the 
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Tap Root Survival of Ladino Clover^ 

Fred E. Westbrooks and MUo B. Tesar^ 


1 ADINO clover, a variety of the large type of white 
Cciover (Trifolmm repens L.), has become well estab- 
lished as a pasture legume in the humid Northeastern 
United States and Great Lakes area in the last two decades 
(4). Investigators are generally agreed that this legume is 
most productive the year after seeding and is usually less 
productive in the second year. Its productivity during the 
third and subseciuent years varies considerably, being good 
in some years and poor in others. 

Fertilizer use, choice of associated species, and proper 
grazing management to permit adequate carbohydrate stor- 
age and natural reseeding are among the most important 
practices recommended to prolong the productivity of this 
legume over a period of several years (1, 2, 3, 4, 5, 7). 

^Contribution from the Department of Farni Crops, Michigan 
Agr. Exp. Sta., East Lansing, Mich. Journal article 1739. The re- 
sults are part of the material submitted by the senior author in 
partial fulfiUment of the requirements for the Ph.D. degree of 
Michigan State College. Received March 7, 1955. 

® Assistant Professor in Agronomy, Tennessee A. and 1. State 
University, Nashville, formerly graduate student in the Department 
of Farm Crops, and Associate Professor of Farm Crops, Michigan 
State University, respectively. 


Thinning of the stand is immediately evident when the 
tap roots of non- vegetatively propagated legumes like 
alfalfa {Medkago sativct) and red clover (Tf//c?/;7/w 
pratense') die. However, when the tap root of a stoloni- 
ferous legume like Ladino clover dies, the thinning indica" 
Live of a poorer stand is not immediately evident. The sur- 
viving stolons continue to grow and produce leaves after 
the tap root is dead. Such stolons have relatively short, 
fibrous roots incapable of deep soil penetration so necessary 
for high forage production in dry seasons. 

Investigators cited above recognize that cold temperature 
injury to stolons is important in reducing the vigor of the 
Ladino clover plant. None of these studies, however, 
showed when the tap root died in the life history of this 
legume. It has been reported^ that there were no living 
tap roots of the original plants in a field of Ladino clover 
in September after the second pasture year. Jeffers^ found 

® Tesar, Milo B. Panel discussion on pasture irrigation. Abstracts, 
1950 annual meeting, American Society of Agronomy, 1950. 

^Jeffers, Robert L. The effect of soil fertility and height and 
frequency of defoliation on yield and survival' of Ladino clover. 
Unpub. Ph.D, thesis. University of Wisconsin Library, Madison, 
Wis, 1951. „ ' . 


field, did not affect yield, lint length, earliness in maturity 
or ginning out-turn, 

6. The use of seed from only first pickings, generally 
advocated by the farmers, would not be justified by the 
results obtained in this study. 
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from thc^ cixiwn and ciittiog the tap roots back to a length of 2 
inches, 5 plants were planted in each tjf ten i 0-inch pots. The 
percentages of dead roots and the amount of lateral root and leaf 
growth produced in a, 3“month period in the greenhouse were 
recoided foi each monthly planhng. 

Because of the similarity in form between tlie common variety 
Ladino and the ne\\’ variety Pilgrim, the variety name Ladino will 
be used to identify the large type of white clover in this paper 
even though the Pilgrim variety was used in this study. 

RESULTS 


no living crowns or tap roots of the original plants in a 
3-year-old stand of Ladino clover. 

More information on the length of life of the tap root 
of this clover under varioius cutting and fertilizer treatments 
would help in developing methods for maintaining it under 
pasture conditions. The studies reported here are concerned 
with (1) the time of death of the tap roots, (2) effects of 
fertilizer and cutting treatments on the time of root death, 
and (3) possible causes of root death. 


MATERIALS AND METHODS 

Seed of a new variety of the large type of white clover (Pilgrim, 
F. C. 23608) similar in. plant form and size to the variety Ladino 
was planted in fiats in july of 1951, 1952, and 1953. Seedlings 
were transplanted to the held each year in early August on the 
Michigan State ITniversity Farms near East Lansing. The plants 
were set in a checkerboard pattern with 6 inches between plants. 
Each plant was marked with a white spike driven demm to the 
ground level. 

The soil was a Conover silt loam of pEl 6.7, a tiled soil gen- 
erally high in fertility and well adaptetl to corn, small grains, and 
legumes. 'IVo fertility treatments — iOO pounds of ()~2U-20 and 
()-2{M) fertilizer drilled into the soil prior to transplanting — were 
used in each of four replications of a randomized block design. 
The plots, 10 by 15 feet in size (iO by 10 in 1953), were k>cated 
over tile line.s to facilitate good drainage and minimize heaving. 
Each replication had 1,200 plants in 1951 and 1952, and 000 
plants in 1953. All plots w^ere dipped 4 times to a height of 3Vi 
indies each sea.son to simulate a rotational .system of grazing. 

The ftumber.s of dead tap roots and roots showing some deterio- 
ration in 100 previously-marked plants were determined numthly 
by removal of the roots from the soil. Determinations began in 
July (12 months after seed was planted) on the plants established 
in 1951, 1952, and 1953 and continued until all plants were dead. 
Disease organisms were isolated in June 1953 from 100 tap roots 
of plants established in July 1952, 

Living roots and the basal 6 inches of live stolons of plants 
established in 1952 were obtained for carbohydrate analysis. Start- 
ing in mid-September 1952 and continuing at monthly intervals 
through June 1954, plant samples obtained were washed, dried at 
65 "C. for 2 weeks, ground to pass through a 60-mash sieve, and 
stored in stoppered bottles for analysis. The amounts of total avail- 
able carbohydrates were determined according to the method of 
Weinman (8). Duplicate l50-mg. samples were u.sed. Percentages 
of total available carbohydrates are expressed on the dry weight 
basis. 

Fifty roots and crowns from each fertility treatment \s'ere re- 
moved monthly from October 1953 through April 195 i from plots 
established in July 1952 and 1953. After clipping the .stohms 


Death of Tap Roots 

No edifference was noted between the survival of tap 
roots of plants grown on soil treated with 0~2()-() or 
{)-2()“20 fertilizer. For this reason, the data for the two 
analyses of fertilizer have been averaged to simplify 
presentation. 

Dead tap roots of plants established in July 1951 were 
first noted in December 1952, U months later (table 1). 
Dead roots of plants e.stahlished in July 1952 and 1953 
were first noted in july 1953 and 1954, respectively, 12 
months after establishment. All (»f the tap roots of plants 
established in 2 different years were dead in July of the 
seconed production year. 

The maxiinum mortality rate of tap roots during any 
1 -month period occurred between April and May 1954 in 
plants establi.shed in July 1952. The percentage of dead 
.foots rose from 58 to 8il during that pcadod. Roots of plants 
established in 1951 died mt)st rapidly from May (53% 
dead) to June (72%' dead) in 1953, when they were a 
month older than those cstahlishcd m 1952. The death rate 
between April and May was nearly as high, however, the 
percentages of dead rotits being 35 and 5() for the 2 
months, respectively. 

Root Deterioration 

Tap root deterioration was first manifested as blacken- 
ing of the exterior root tissue. Thi.s was followed by pitting 
of these outer tis.sue.s, further darkeiiing, loss ot' lateral 
roots and, finally, deatli and complete rot 4 tieterioration. 

Deterioration of units wa.s first obserwd in October 1952 
0 !i plants started in 1951, 15 nuinths after plants were 
established in the field (table 1 ). I'hc ]'iertentage of roots 


Table I. — Percentages of dead Ladino clover tap root.s and percentages showing deterionuion beginning in Muv, the first year after 

e.stabHshment in July 1951, 1952, and 1953. 




. 




: 
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showing deterioration increased from 6 in October to 100 
in March, 1953. In December 2 months after the initial 
deterioration of the roots was noted, 9% of the roots sam- 
pled were dead (table 1). In March when all of the roots 
were showing external tissue deterioration and many were 
badly discolored, 28% of the 100 roots sampled were dead. 
Four months later, all original tap roots w^ere dead. 

Deterioration was first observed in June 1953 on the 
roots of plants established in July 1952. At this time 40% 
of the 100 roots sampled showed symptoms of deteriora- 
tion. The percentage of roots affected increased rapidly. 
In August, 100% of the roots sluwed deterioration, some 
very noticeably and 10% were dead. The rate of root de- 
terioration of plants established in 1953 was very similar 
to that of plants established in 1952, Photographs in figure 
1 show the progressive stages of deterioration of roots and 
plants established in 1952. 

Even though the plants established in 1951 showed root 
deterioration later (October) than plants established in 
1952 and 1953 (June), there is a striking similarity in 
root death in the 3 years. Initial root death was noted 2 
months after deterioration was first observed in the 3 
stands established in the 3 different years. 

Disease Organisms 

A total of 100 fungus isolations was made on tap roots 
of plants established in 1952 when symptoms of root de- 
terioration were detected in June, 1953. Of the fungi iso- 
lated, Fusam/m oxyspormn, F, solanF and Rhizoctanhi 
species constituted 48, 6, and 19%, respectively, of the 
total isolates (table 2). The other fungi isolated w^ere 
either weakly- or non-pathogenic. The presence of the three 
pathogenic fungi, however, does not imply that the deterio- 
ration noted was a diseased condition caused by these 
organisms. Deterioration may have occurred first followed 
by invasion of these fungi. There is a striking similarity in 
the appearance of these roots and the diseaseci roots of red 
clover showm by Kilpatrick, ^/ ^//. (6) . 


Table 2. — Percentage distribution of fungus organisms in H)0 
isolations made in Juxie 1953*'' from roots of ladino 
clover plants established in July 1952. 


Organism 


t Hi^dnum oj:j/sporuni 

F. rdfioufi . . 

F. .solatri .. 

Rhizortotfia «}>]) 

Mucor sj)p - - - 

Rhizopus sp 

BcLshporium sp 

Other _ . 


^ Made by E. W. Haiwcn, Pathologist, Division of Forage Crops and Dis- 
eases, Field Crops Research Branch, Agricultiirai Research Service, United 
States Department of .\griciilture, University of Wisconsin, Madison, Wis- 
consin. 


Fig. 1.— Progressive stage.s of root deterioration showing healthy 
roots in May 1953 of the Erst production year and increasing 
deterioration and loss of lateral roots until May 1954 of the 
second production year, one month before all tap roots were 
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Table 5,— Survival of 100 tap roots brought into the greenhouse 
at monthly intervals from plants established in July 1952. 
Percentage readings %\'efe made three ratvnths after 
roots were taken from held. 




Transplanted 
from field 

Time of determination 

Dead 

roots 

%■ . 

Month 

Age, 

months 

Get. 1953. 

Jan. 1954 

IS 

42 ' 

.Nov 

Feb. 

19 

44 

Dec.-, - .. 

Mar. 

20 

48 

Jan. 1954 

Apr. 

, 21 

60 

Feb.* 

I May 

... 22 

. — . 

Mar.,: ■ 

1 June 

23 ■ 

73' 

Apr. . - 

; July ; 

, ' 24 

87 


^ No plants transpianti’d. 


Fig. 2.- — Leaf production produced after 3 months' growth in, the 
greenhouse by plants going through their (I) first and f2j sec- 
onti vdnter following establishrnent. 



Colendnr month and number of months after establishment 

Fig. 3.“-Fercentages of dead tap roots removed from the field in 
months indicated compared to roots transplanted from the field 
to the greenhouse three months earlier and harvested in the 
month indicated. Plants established in July 1912. 


Table 1— Percentages of total uvailahle carhohc’drates in totus 
and stolons of f.adino clover plants established in July 1952. 


Month 

A ge o,f 
plants, 
nKHiths 

Roots 

Stolons 

Sept., 19.^2 

2 

26 

11 

21.68 

Oct. 

. .3 

29 

15 

2.^. 87 

Nov. : - 

■■ 4 . .. 

34 

33: 

■ 27.08 ■ ^ 

Dee.:,',/,... 

■■ “L. 

’ ai 

77 

24.34 : 

Jan., 1953 

■ 6 

24 

16 '■ 

19.16 

Febr. 

7 

*>2 

66 

13.76 

Mar.-. - . „ - ' 

■ . 8 

20 

48 

, ■:i2;65 

Apr. ■ : 


. 0 

62 

11.38 

,May. . 

■■.■■lO' 

11 

25 

.12,32. ■ 

June ... 1 „ ... ..'I 

I- IT ■! 

11 

38 

I 12.65 

July - ■ T - ’ 

i 12 1 

13 

76' 

17.70 

Aug.:..-.',:-,, - L: ■ 

; :13 ; 

15 

19 

19.60 

Sept 

[ U 

17 

'25 

^ 27.77 

Oct.:. 

\ 1.5 ■ 

21 

08 

20.15 

Nov 

1 "16 ■■ i 

24, 

.76 '1 

25,87 

Dec. :■ .. ... 

h 17' 

'23, 

.68 i 
.93 . i 

■ 24.76 ■ 

Jan. 1954_ 

18 

18, 

20.57 

Febr. 

1 19 

^ ■ .16, 

. 62 ■ 

17.00 

Mar. 

i 20 ■ 

1 13. 

.32 ■ 

16.02 

Apr. 

i 21 ' 

■ 0, 

.25, 

14.00 

May : 

j 22 

) rf 

.57 ' ■ 

::'8.75 

June 

■ 23 ■ 

1 ' : 

1 

. 76 

12.02 


greenhouse, a mortality rate similar to those remaining in 
the field under winter conditions for a similar 3-month 




Death of Tap Roots in Greenhouse 

In October 1953 and monthly thereafter until April 
1954, 50 tap roots and crowns were obtained from each of 
the 2 fertility treatments from plants established in July 
1952 and 1953. The plants were transplanted into pots in 
the greenhouse. Forty-two percent of the roots of plants 
started in 1952 were dead 3 months after transplanting in 
October 1953. The percentage of dead tap roots of plants 
transplanted monthly from October to April increased each 
month until 87% of the plants transplanted to the green- 
house from the field in April were dead 3 months later in 
July (table 3)- In striking contrast, none of the tap roots 
of the plants established in 1953 (going through their first 
winter) died when removed from the field to the green- 
house during the same period. 

Roots from plants established in 1952 and transplanted 
.monthly from January through April 1954 showed, in the 



period (figure 3 and table.s 1 and 3). This would indicate 
that some factor other than winter injury occurring in the 
field was the important cause of death. However, roots 
taken from the field in March and April and allowed to 
grow 3 months in the greenhouse showed a Irm'er mortality 
than those allowed to stay in the field during this 3-month 
period. Thirteen percent of the roots sampled from the field 
in April and grown for 3 months in the greenhouse w^^ere 
alive in July; all roots remainiiiu in the field were dead in 
July. 

Leaf Production in Greenhouse 

The amount of leaves produced by plants in the green- 
house was determined after 3 months’ growth. Plants in 
their first winter produced at least twice as^much top growth 
and had much more vigorous leaves thari those in their 
second winter (figure 3). The amount of top growth pro- 
duced by plants in their first winter could not be accurately 
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compared to those 1 year older because of the large number 
of plants which died in the second winterf 

Total Available Carbohydrates 

Roots and stolons of plants established in 1952 had 
26.11 and 21.6S^C total available carbohydrates, respec- 
tively, in mid-September, 2 months after establishment 
(table 4). The percentages rose gradually from September 
to November in both roots and stolons, the levels being 
34.33 and 27.08, respectively. 

Percentages of total available carbohydrates decreased 
gradually from November to March. During this period, 
the percentage in roots dropped from 34.33 to 20.48 and 
in stolons from 27.08 to 12.65. The percentage in roots 
decreased rapidly from 20.48 in March to 9.25 in April. 
From April through the .summer months of the first pro- 
duction year, the percentage of carbohydrates increased 
gradually until November. At this time the roots had a 
maximum percentage of 24.76 (about 10% lower, however, 
than roots sampled 1 year earlier). Stolons reached their 
maximum percentage (29.15) in October, 1 month earlier 
than the roots. This level of carbohydrates was only slightly 
lower than that of stolons sampled 1 year earlier. 

Actually the percentage of total available carbohydrates 
in stolons was very similar in comparable months of the 
first and second year of the sampling period beginning in 
September. In striking contrast, the percentage of total 
available carbohydrates of roots in their second winter was 
much lower than that of roots in their first winter. 

DISCUSSION 

Data presented show that initial death of some of the 
roots of Ladino clover established in July 1952 and 1953 
occurred in August of the first production year. Root death 
of plants established In July 1951 was first noticed in 
December following the first production year. The tap 
roots of all three plantings were all dead in July of the 
second production year, 2 years after establishment. The 
difference in the later root death of plants established in 
1951 is difficult to explain. There is undeniably a close 
relationship between initial blackening and death of the 
tap roots. In each of the 3 plantings, initial death of some 
roots occurred 2 months after first symptoms of blackening 
were observed. If disease organisms were responsible for 
this observed blackening of the outer root tissue, the initial 
infection may have occurred earlier on plants established 
in 1952 and 1953 than on those established in 1951. 

Data show that the percentages of total available carbo- 
hydrates in the roots were at a low level during the second 
winter and decreased progressively until spring. The per- 
centages of living roots, likewise, continued to decrease 
during this period up to July when all were dead. It can- 
not be assumed that this death was due primarily to the 
decreased percentage of total available carbohydrates in 
the roots. The low percentages of carbohydrates may have 
been the result, rather than the cause, of root death. 

It has been shown that 13 percent of the roots sampled 
from the field in April and grown for 3 months in the 
greenhouse w^ere alive in July of the second production year 
while all roots remaining in the field were dead in July. 
This suggests that (1) initiation of new growth at the ex- 
pense of stored carbohydrates reserves under field condi- 
tions in the spring, and/or (2) fluctuating spring tempera- 
tures might accelerate the rate of mortality of roots under 


field conditions. It suggests that “winter injury” of roots 
might take place in the spring as well as in winter. 

It is likely that some or ah of the disease organisms 
present on the roots as early as June of the first production 
year were the cause of root death. Injury to the roots from 
disease may have resulted in a lesser ability of the plant to 
store carbohydrates in the root prior to the second winter. 
The resulting lower level of total available carbohydrates in 
the roots during the second winter may have accentuated 
root death. 

PART II— MATERIALS AND METHODS 

Studies were initated in the spring of 1953 on a Ladino clover 
field seeded in August 1952 on the Michigan State University Farm 
to determine the elfects of cutting treatments, fertility levels, 
analyses of fertilizer, and dates of application of fertilizers on the 
smvival of tap roots and the production of forage. 

Ladino clover (F. C. 23,608, variety Pilgrim) was band-seeded 
at the rate of 2 pounds per acre 1 inch above 0-20-20 fertilizer 
applied at the rate of 4(10 pounds per acre. A regular grain drill 
adapted into a band seeder with 7-inch spacings between disks 
was used. The soil, a Hillsdale sandy loam, has medium inherent 
fertility with good drainage. 

A .split-split-plot design, in which all cutting treatments, fer- 
tilizers, and dates of application of fertiiizer.s occurred in each 
of the four i*eplicates was used. Individual plots were 7 by 12.5 
feet. In addition to the fertilizer applied at seeding, 200 and 600 
pounds of either ()-20”20 or 0-20-0 fertilizer were top dressed 
on different plots on May 23s June 23, and Sept. 15, 1953, during 
the first production year. Similar amounts of the same fertilizers 
were applied as split applications (Va oi the total amount on each 
date) on other plots on May 23, June 23, Aug. 20, and Sept. 15. 
Another group of plots received no additional fertilizer as a 
topdressing. 

In 1953, plots were cut either 4 times to a height of 31/2 inches 
or 6 times to a height of 1 inch to simulate heavy and light graz- 
ing, respectively. 

On May 25, 1953, the numbers of living plants in a 2-foot 
single drill length of a row of clover seeded in 1952 were counted 
in each of 32 plots to obtain an average or ”base count” of living 
roots in the field on that data. This length of row represented an 
area of 1.17 square feet. On Sept. 25, 1953, the living tap roots 
of plants in each plot in the experiment were counted in a 2-foot 
length of row, marked on the 2 ends with white spikes driven 
down to the ground level. A similar count of Ladino clover tap 
roots was made in April and June 1954 by digging up roots of 
plants in a similar 2-foot length of row adjacent to the row marked 
in September 1953. The number of living or dead tap roots in the 
original length of row (counted September 1953) was determined 
by digging up roots of plants in July 1954. All results are reported 
on the basis of the average number of tap roots for a 2-foot length 
of row,'-' , ■ ■ ■ ' ; ^ , 

To measure the effects of various management and fertilizer 
treatments imposed in 1953 on yields in 1954, the forage was har- 
vested to a height of 1 inch on May 29 and July 10, 1954. The 
area harvested was 2.88 feet wide through the center of a plot 
12,5 feet long. Yields for the two harvests are reported in tons 
per acre of oven-dry, w^eed-free hay. 

RESULTS 

Effects of Cutting Treatments 

In April and June 1954, the number of tap roots still 
alive was significantly lower when plants were previously 
cut 6 times to a height of 1 inch than when cut 4 times to 
a height of 3 y 2 inches in 1953 (table 5). None of the 
roots of clover given the more severe cutting treatment in 
1953 was alive in June 1954. Six percent were alive on 
plots cut less severely but these were ail dead in July. The 
slightly higher mortality rate of roots on the clover cut 
closely and frequently in 1953 was undoubtedly associated 
with the higher amount of heaving noted on these plots 
than on plots cut higher and less frequently in 1953. 
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Table 5.— Number of living tap roots in 1.17 square feet and the percentage survival of tap roots of Ladino clover seeded in 1952 

and given different cutting treatments in 195.5. Average for all fertilitj- treatments. 

May 1953* Sept, 1953 Apr. 1954 | June 1954 j July 1954 


Cutting treatment 1953 Living tap roots and percentage survival 


Number Number 

h 

1 Number i 

! I 

% j Number i 

% 

Number 

i %2 

6 times to 1 inch .. - 23 .9 13.6 

! 56 

1.3 ; 

. 5 i 0.0 1 

i i 

0 : 

i 

0.0 

0 

4 times to 3 14 inches - - : - - „ » 23 . 9 15.0 

1 63 


15 j" 1,6 ■ I 

1 6 ! 

0.0 

. 0 ■ 


L.S.D. for numbers of roots: 

5% 

1% 

Vertical - .. 

1.6 

2,4 

Horizontal-- ^ 

2.1 

2.9 


^ Caiiiit mad(; in Mav* was considered 100%. 

Rate and Analysis of Fettiiker 

Top dressing with 600 pounds of 0-20-20 fertiliiser dur- 
ing the first production year (1953) resulted in few^er dead 
roots in September 1953 than when similar amounts of 
0“’-20’~0 or no fertilizer was applied (table 6), HowTver, 
none of the fertilizer treatments had any significant effect 
in prolonging the life of the tap roots beyond June 1954 
of the second production year. Ail roots sampled were dead 
in July regardless of previous treatment. 

Time of Fertilizer Application 

Plots topdressed with fertilizer in June and September 
1953 had a significantly higher number of living tap roots 
in September 1953 than those receiving no fertilizer (table 
7). In April, June, and July 1954, no significant difference 
was noted among any of the previous treatments applied in 
1953. While certain dates of application of fertilizers in- 
creased the number of Imng tap roots present at the end 
of the first production year, no treatment caused the tap 
roots to survive longer than June of the second production 
year. 

Forage Production 

Ladino clover subjected to less severe cutting in 1953 
(4 times to a height of 3^3 inches) was significantly 
higher in yield in 1954 than clover cut 6 times to a height 


of 1 inch in 1953, yields being respectively, l.6l and 1.29 
tons of hay per acre (table 8) . 

In 3 out of 4 cases, the yields obtained as a result of 
topdressing with fertilizer veere greater (1^4 level) than 
yields obtained when no fertilizer was applied. The greatest 
difference occurred between the yield of clmer wdiich was 
not topdressed (1.30 tons) and clover topdressed w4th 600 
pounds of 0-20-20 per acre (L62 tons). Application of 
600 pounds of 0-20 -0, however, did not produce a yield 
higher than tliose obtained \vhen 200 pounds of 0™ 20-0 or 
()~20-20 were applied. On this sandy loam soil, addition of 
a large amount of potassium was apparently necessary for 
the highest yield. There were no significant differences 
among 1954 yields of Ladino clover topdressed in May, 
June, September or when given a split application of fer- 
tilizer on four dates during the growing season in 1953. 

: DISCUSSION 

Results presented here are in close agreement to those 
pre.sen ted in Part I In that ail tap roots sam[4ed were dead 
in July of the second production year. Whereas an average 
oi 37(7 of the roots were dead in this experiment in Sep- 
tember following the first produdK>n year on plots cut 4 
times to a height td 3(4 indies, 25^^, were dead when 
given the same cutting treatment in the lirst experiment 
reported in Part 1. 






WESTBROOKS AND TESAR: TAP ROOT SURVIVAL OF LADING CLOVER 


Tabic 7, Number of living ta|> roots in 1.17 square feet and the percentage of tap roots of Ladino clover seeded in 1952 and 
fertilized at diirerent times in 1953. Average for cutting treatments and two levels of 0 — 20—0 and 0—20— 20 fertilizer. 


Dates of fertilizer application 1953 



Sampling dates 





May 1953* 

Sept. 1953 Apr. 1964 

June 1954 

July 1954 



1 T • . ‘ ‘ ‘ 

Living tap roots and percentage survival 


Number 

Number 

% Number 

% 

Number 

% 

Number 

% 

None.. ... ' ■... J 

23.9 

12.8 

53 2.1 

9 

0.9 

4 

0,0 


0 

May 23,; - 

23.9 

14.2 

59 2.6 

11 

0.4 

2 

0.0 


0 

June 23 , „ 

23.9 

15.0 

63 3,0 

13 

1.0 

4 

0.0 


0 

Sept, 15, - - . 

23.9 

14.6 

61 1,7 

7 

0.7 

3 

0.0 


0 

Split applications t. _ . . .. . 

23.9 

14.2 

59 2.6 

11 

1.0 

4 

0,0 


0 


L.S.D. for numbers of roots: 

Vertical - , - 

Horizontal. 


Coiuu made ill May was considered 100%. 

|- Split application idols received M of tlie respectivti fertili:zer on May 23, June 33, Aug:. 20 and Sept. 3 5, 


The continued greater root survival on the heavier soil 
in Experiment I was evidenced the following April (1954) 
at which time 58(t of the roots were dead whereas 85% 
were dead on the lighter soil. This 85<'V' figure represented 
an average for the non- fertilized and fertilized clover. Dif- 
ferences were so small that extra tables to show differences 
were not warranted. The heavier soil type and the 6-inch 
spacing between plants in the experiment in Part 1 may 
explain why those roots showed a km’^^er rate of mortality 
in September and April following the first production year. 

It w^as expected that this experiment (Part II) would 
provide information which would prolong the life of the 
tap root of Ladino clover. Reducing the severity of cutting 
treatments and topdressing with fertilizer containing phos- 
phorous and potassium during the first production year re- 
duced the rate of root mortality prior to the second produc- 
tion year. No fertilizer or cutting treatment; however, was 
effective in prolonging the life of the tap roots beyond 
June of the second production year. 

This is further corroborated by a survey conducted by 
the senior author* in farmers’ fields in eight counties in 
Michigan. In these surveys, none of the 25 samples each 
50 square inches in size made in each field showed any 
living tap roots in July of the second production year. 

Since neither nianageiTient nor fertilizer treatment mate- 
rially increased the length of life of tap roots in the experi- 
ments reported in Parts I and 11 of this study, it appears 
that the continued productive life of this legume in a 
forage stand would have to depend on rooted stolons or 
new plants established from seedlings. Rooted stolons are, 
at best, drouth susceptible and subject to severe winter in- 
jury as shown by Jeffers (see footnote 4). It would appear 
that the productivity of a stand of Ladino clover after the 
middle of the second production year would be low unless 
new plants w^ere established from natural reseeding. This 
establishment of seedlings is indicated by the general sur- 
vey reported above. Three to sixty-one percent of the seed- 
lings counted during the second production year became 
established plants the next year. Even though the plants 


Table 8, — Effect of cutting treatments and time of application 
of fertilizer treatments in 1953 on the tons of hay produced 
in 1954 by Ladino clover seeded in 1952. 


Fertilizer treatment per acre 


Cutting 

treatment, 

None 

0-20-0 

0-2C 

)-20 


iyoo 


200 600 

: lbs. lbs. 

i 200 

1 lbs.' 

600 

lbs. 

age 

6 times to 






1 inch 

1.12 

1.21 1.20 

: 1.22 

1.43 

1.28 

4 times to 


1 




3 po mebes _ 

1.48 

1.56 1.58 

1.62 

1.82 

1.61 

Average, _ _ . - 

1.30 

1 1.38 1.39 

1.42 

1.62 

1 .45 


L.S.D. 

Over all averages of cuttings __ 
Between same fertilizer treat- 
ment between cuttings....^ 
Over ail averages of fertilizers. 


were vigorous and were contributing to the productivity of 
Ladino clover in the fields, the exact amount produced by 
these plants could not be determined accurately. 

Since most of the tap roots of Ladino clover in this study 
were dead in May of the second production year and the 
remainder were dead by July, the life history of this plant 
can be considefed very similar to that of red or alsike clover 
{Tnfolmm hybrUum) VLtidet field conditions. The con- 
tinued life of the stolons under favorable conditions and/or 
establishment of new plants from natural reseeding, how- 
ever, often make this legume perform like a perennial. 


SUMMARY 


® Westbrooks, Fred E. Life history studies of Ladino clover in 
Michigan. Unpub. Ph.D. Thesis, Michigan State University Library, 
East Lansing, Mich,, 1954. 


Ladino clover was established in the field hy ( 1 ) space- 
planting seedlings in a 6-inch checkerboard pattern on a 
silt loam soil in the summers of 1951, 1952, and 1953 and 
by (2 ) band-seeding directly on a sandy loam soil in the 
summer of 1952. The space-planted clover was fertilized 
with 400 pounds per acre of 0-20-20 or 0-20-0 fertilizer 
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when established. The dover whic^ was band seeded was 
fertilized with 400 pounds per acre of 0-20-20 fertilizer 
when established and then f i j not fertilized or (2) top- 
dressed with 200 or 600 pounds of 0-20-0 or 0™20-2() 
fertilizer applied at different times during the first produc- 
tion year. This clover w^as cut 6 times to a height of 1 inch, 
or 4 times to a height of 3% inches during the first pro- 
duction year. 

Some tap roots were dead in the latter part of the first 
production year in three of the four trials. In the fourth 
trial, dead roots were not ob.served until in December fol- 
lowing the first production year. In all cases, however, the 
percentage of dead roots increased steadily as the p^lants 
increased in age. In July of the second production year, all 
roots in sampled areas were dead on all plots. 

Reducing the severity of cutting treatments and topdre.ss- 
ing with fertilizer containing both phosphorus and potas- 
sium during the first production year effected a slowing 
down in root death. Neither treatment, however, prolonged 
the life of the tap roots beyond June of the second produc- 
tion year. Although fertilizer application did not reduce 
root mortality, it did result in increased forage pfoduction 
during the second production year. 

Discoloration and deterioration of tap roots began as 
early as June of the first production year, two months be- 
fore initial root death ocmrred. At this time, Fusarmm 
oxyspomnij P. sokni, and Rhkoctonk constituted 

48, 66, and 19% respectively, of the fungi isolated. The 
presence of these three fungi, however, was not necessarily 
the cause of root deterioration and eventual death. 

Percentages of total available carbohydrates in stolons 
were fairly similar on comparable sampling dates during 
the first and second year of the sampling period w^hich 
began in September and continued until roots 'were dead. 
The percentages in roots of plants going through their 
second winter, however, were much lewder than in those 
going through their first winter. 

Roots of plants taken into the greenhouse monthly from 
October through January of the second fall and winter had 
as many dead tap roots 3 months later as roots allowed to 
remain in the field during this same period. However, 13% 


of the foots removed from the field in April w^ere still alive 
in the greenhou.se in July while all iax)ts remaining in the 
field were dead. This suggests that the greatest amount of 
root death occurred in the spring rather than during late 
fall or winter. 

A field survey of farmers' fields in eight counties in 
Michigan .showed that the tap roots of Ladino clover were 
dead in July of the second production year regardless of 
management and fertilizer practices. This corroborated 
findings made under closely-controlled conditions in this 
study. Three to sixty-one percent of the seedlings counted 
in the different fields in the second production year became 
established plants the foilowing year, indicating scattered 
seed was helpful in maintaining the stands of Ladino 
clover under field conditions in Michigan. 

The exact cause of death, of tap roots was not deter- 
mined. Disease may have caused the deterioration and 
death of the roots but a pathological study is necessary to 
determine the importance of disease in root death. The 
lowered percentages of total a^^aiiable carbohydrates in 
roots during the second winter may have contributed to the 
final death of the roots. 
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The Effect of Low Temperatures on Available Soil Moisture 
During Winters on the Canadian Prairies' 

J. WiIner^ 



VI^INTER killing of plants resulting from desiccation 
f W of tissues has been frequentl)^ distinguished from 

■ killing resulting from low temperatures (6, 7, 8, 10). 

Winter desiccation has been recognized by the same work- 
ers to be due to the combined effect of soil or physiological 
drought as well as to atmospheric drought There is gen- 
eral agreement among these authors that physiological 
winter drought is a condition under wdiich the plant is 
unable to absorb water from frozen soil, when there is an 
abundance therein, and when the aerial parts are in need 
of water as a result of the high evaporating power of the 
air. According to Meyer and Anderson (8) water in frozen 
soils is unavailable and none of it can be absorbed by roots 
to replenish the moisture lost by transpiration or evapora- 
tion. 

It is also generally agreed-' (7, 10) that most of the 
feeding roots of trees are in the upper 12 to 18 inches of 
soil. Cro.ssley-^ showed that on the prairies as many as 
65 to 80% of roots of boxelder {Acer negrouio, L.) and 
f ash {Fnix/j/us peipL\'yiiwih'a Im Sarg.) 

i trees may be found in the upper 12 to 18 inches of soil, 

i It is apiparent that factors affecting the up^per 12 to 18 inch 

; layer of soil will exercise a predominant influence over the 

r growth and development of woody plants. The object of 

[ this exploratory study was therefore to determine^ if pios- 

I sible, the effect of winter temperatures on the available 

S moisture in the specified upper layer of soil, per se, and on 

I the aerial parts of woody plants grown on the Canadian 

prairies, 

EXPERIMENTAL PROCEDURE 

i 

r This studv was carried on during the winter periods from Nov. 

4, 1952 to April 27, 1953, and Nov. 3, 1953 to April 26, 1954. 

i During these periods the avatkibie soil moi.stiire was determined 

by the plaster of paris electrical resistance method of Bouyoucos 
(2,3.4) and other workers (1,5). The blocks were placed at depths 
of 6, 12, IS, and 24 inches in the root 2 :one of boxelder trees, 
f The trees had been growing since 1943, in fairly level clay loam 

I textured soil, in belts spaced 4 by 4 ft., 8 by 8 ft., and 16 by 16 

i ft., as well as 4 by 4 fU with a light mulch on some trees and a 

heavy mulch on others. The belts were 540 feet long. From each 
)r of these belts four replicated boxelder trees were selected at ran- 

1 dom. The same tree.s with undisturbed moisture blocks were used 

during the 2 years’ study. 

I RESULTS 

Data in table 1 indicated no significant differences be- 
tween soil moistures, when averaged for 19 periods, at the 
levels of 6, 12, and 18 inches. However, during both 

^ ^ Contribution of the Division of Horticulture, Experimental 
Farms Service, Canada Dept, of Agriculture. Received March 14, 
1955. 

^ Agricultural Research Officer. Tree Physiology, Forest Nursery 
Station, Indian Head, Sask. Canada. 

! ®Crossley, D. I. Rooting habits of maple (Acer negundo L.) 

i and Ash (Fraxinus pennsylvanka tanceolata (Bork.) Sarg.) on the 

I’ pedocals of Manitoba and Saskatchewan. Unpublished. M. Sc. 

Thesis, Univ. of Minnesota, 1940, 


winters more moisture was found at the 24-inch level as 
compared with levels above 18 inches. The data also indi- 
cated a gradual significant decline in available soil moisture 
as the study progressed from Nov. 4 to Mar. 19 in 1953 


Table 1. — Available soil moisture at four depths in the root 
areas of boxelder trees for specified dates during the 
dormant season of 1952— 1953 and 1953-1954. 


Dates 

I 

>epth ii 

1 inches 


Average 

0-6 

6-12 

12-18 

18-24 


Per< 

2 !ent av< 
avera 

lilable & 
ge of 2C 

oil moi 
) trees* 

sture, 

Nov. 4,1952 

54 

58 

59 

65 

59 

Nov. 10...- 

52 

56 

59 

64 

58 

Nov. 24.... 

43 

55 

57 

64 

55- 

Dec. 1 - 

7 

39 

55 

63 

41 

Dec. 8.. - 

4 

20 

53 

62 

35 

Dec. 15 

2 

12 

50 

61 

31 

Dec. . - 

0 

4 

29 

60 

■ . 23 

Dec. 29 - 

0 

1 

13 

56 

17 

Jan. 5, 1953.-.. 

0 

0 

6 

44 

13 

Jan. 12 - - . 

0 

0 

2 ■ 

31 

8 

Feb, 3------- 

0 

0 

1 

14 


Mar. 4--.:-- 

0 

0 

■ . 1 ■ ■ 

11 

3 

Mar. 19.. 

0 

0 

1 

15 

4 

Apr. 2 

50 

21 

11 

34 

29 

Apr. 7_- 

68 

48 

28 

48 

48 

Apr. 14---.--.. — 

66 

53 

38 

58 

54 

Apr. 20 -- 

65 

57 

51 

69 

61 

Apr. 23-. 

68 

58 

54 

71 

63 

Apr. 27. - 

71 

66 

60 

73 : 

68 

Mean. j 

29 

■ '29 . 

33 

51 

35 

Nov. 3, 1953........ 

55 

30 ! 

16 

26 

32 

Nov. 16. 

59 

39 

22 ■' 

31 

38 

Nov. 23. :.. ...: 

46 

41 

27 

35 

37 

Nov. 80 , 

45 

48 

29 

37 

39 

Dec. 7 - 

■ . 31" I 

42 

31 

39 

36 

Dec. 14 

■ 21 

41 

34 

41 

34 

Dec. 21 

10 

31 

34 

43 

29 

Jan. 4, 1954 - 

3 

15 

31 

45 

23 

Jan. 11 

3 

7 

23 

45 

19 

Jan. 25 

0 

0 

. 4 

38 

9 

Feb. 8 

0 

1 

6 

30 

9 

Feb. 22 

0 

1 

5 

29 

9 

Mar. 15 

0 

1 

6 

39 

11 

Mar. 28 

0 

0 

4 

34 

9 

Apr. 7 

0 

0 

2 

21 

6 

Apr. 14 

33 

10 

10 

31 

21 

Apr. 19 

48 

21 

13 

34 

29 

Apr. 23 

54 

32 

19 

36 

35 

Apr. 26-. 

62 

51 

35 

46 

48 

Mean 

25 

21 

18 

35 

25 


L.S.D. atP-0.05 

Between means of dates within each season 17 

Between means of depths within each season 7 

Between individual determinations 33 


* The averages of 20 trees were considered representative of the moisture at 
each depth of soil. 
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Table 2.~~“Recorded tefliperature and precipitation during periods of determining available soil moisture. 


Winter 1952-1953 


Period.'? 

■ 

Temperature.s °F. 

Extreme Extreme 
Max, Min. 

Precipita- 
tion in 
inches 

Nov. 4 

60 

30 

— 

Nov. 5-Nov. 10 _ - : - - 

42 

20 


Nov. 11-Nov. 24- 

52 

15 

.38 

Nov. 25~Dec. 1 

24 

— 5 ■ 

— 

Dee. 2-Dec. 8 

33 

6 

.07 

Dec. 9-Dec. 15- - 

35 

-1 

.11 

Dec. 16-Dee. 

32 

-8 

.05 

Dec. 23-Dec. 29 

26 

— 2 

___ 

Dec, 30-Jan. 6 - 

3o 

-3 

,02 

Jan, 6- Jan. 12 - 

39 

-18 

.23 

Jan. 13-Feb. 3 - 

37 

-32 

.19 

Feb, 4-Mar. 4 - 

38 

-17 

.80 

Mar. 5~Mar. 19 

44 

-22 

.72 

Mar. 20™ Apr. 2 

51 

5 

.99 

Apr. 3- Apr, 7,- 

49 

22 

— 

Apr, 8- Apr. 14. 

40 

"9 

.17 

Apr. 15-Apr. 20 . - 

39 

6 

,03 

Apr. 21-Apr. 23.. 

' 64 

31 

. — 

Apr. 24~Apr, 27.. -,- 

59 

28 


Range or Total _ _ - 

64 

31 

3.76 


to 

to 



24 

; : -32 ■ 



and Nov. 3 to Ap)r. 7, in 1954. Following these periods in 
two winters, significant increases in available soil moisture 
were recorded before the study terminated in 1953 and 
1954. These data also revealed that during the periods, 
Dec. 29, 1952 to Mar. 19, 1953 and Jan. 25 to Apr. 7, 
1954, the soil moisture for a depth of 12 inches was un- 
available to plants. Beyond the 12 inch depth the soil mois- 
ture was at no time totally unavailable to plants during the 
test period. However, considering the wilting point of the 
day loam soil, it is believed that little of the 1 to 6% 
moisture recorded at the 18*inch depth during the period 
of study would be avail able to plants. 

The analysis of variance of data in table 1 showed that 
there were significant deferences attributable to winters, 
depths and to different dates of study. Of the three inter- 
actions, between winters X p^-'tiods, winters X depths, and 
{periods X depths, the two which involved depths of soil 
were insignificant, while the interaction of winters X 
periods was significant at the 1 % level. 

Weather records (table 2) show that during the SG-day 
period of Dec 29, 1 952 to Mar. 19, 1953, and the 72’day 
period of Jan. 25 to Apr. 7, 1954, when a great deal of 
.soil moisture was unavailable to plants, the air temperature 
ranged from 44^F. to — 32"^?. and from to —33 ""F. 
respectively. During the 80-day period there were 17 days 
with maximum temperatures above freezing (32°F.) and 
on 3 of these 17 days, temperatures were above 41 ^F. Dur- 
ing the 72-day period in 1954, there occurred 39 days with 
temperatures above freezing, and on 14 of these days tem- 
peratures were above 41 "^F. These temperatures could be 
considered high enough to affect certain metabolic activities 
and moisture losses from plants (8, 11, 12). It would 
appear that the combining effect of such atmospheric and 
soil conditions would be to augment the possibility of 
winter desiccation and permanent injury of woody plants 
on the Canadian prairies. 


Winter 1953-1954 



Periods 

Temperatures ' F. 

Extreme i Extreme 

Precipita- 
tion in 


Max. 

Min, 

inches 

Nov. 3 

43 

23 



Nov. 4-No V. 16 

61 

23 

.18 

Nov. 17-Nov. 23 

42 . 

10 

,03 

Nov. 24-Nov. 30 - . 

36 

14 

.30 

Dec, 1-Dec. 7. 

41 

6 

.05 

Dee. 8-Dec. 14 . - 

38 

6 

.05 

Dec, 15-Dec. 21 . 

36 

— 7 

.01 

Dec. 22-Jan. 4 

38 

-20 

. 53 

Jan. 5- Jan. 11 

18 

— 22 

.10 

Jan, 12" Jan. 25... 

19 

-40 

; .47 

Jan. 26-Feb. 8 

45 

-33 ■ 

! .05 

Feb. 9-Feb. 22 

.44 

-9 

.16 

Feb. 23-Mar. 15 

46 

-18 

.31 

Mar. 16-Mar. 28 

37 

2 

.02 

Mar. 29-Apr. 7 ^ : 

50 

- 12 

.19 

Apr. 8" Apr. 14 

64 

*;>♦> I 

— 

Apr. 15-Apr. 19 i 

58 

24 1 

— 

Apr. 20-Apr. 23 

46 

26 

.44 

Apr. 24 -Apr. 26 

50 

' 28 

.13 

Range or Total ; 

64 

28', 

3.02 

i 

IvJ 

18 

iAJ 



The data of table 2 also show that during the winter 
periods in which the soil moisture was in an unavailable 
form to over half of the feeding roots of boxelder trees, 
the extreme minimum air temperature was fairly consist- 
ently below freezing, ranging from 2’^\F. to — 33'^F. This 
would suggest that the unavailability of moisture in the 
upper 12 to 18 inches of soil to plants in winters may be 
due to low atmospheric freezing temperatures rather than 
to depletion of soil moi.stiire. This conclusion is in agree- 
ment with other findings (1, 8). 


DISCUSSION AND SIJMM.ARY 


Data from this exploratory study indicate mainly that 
the availability of soil moisture during the winters of 1952- 
1953 aiid 1953“ 1954 decreased with intensity and duration 
of low atmospheric temperatures. This soil condition ex- 
tended to a depth of approximately 18 inches. This would 
suggest a possible retarding and obstructing effect on ab- 
sorption and conduction of soil moi.sture in as much as 65 
to 8{)% ol the root .system of tree,s‘ required to replen- 
ish the water lost through transpiration and evaporation. 

Two years’ data indicated that the frozen soil moisture 
to a depth of 1 2 to i 8 inches was unavailable to plants for 
about 21/2 winter months. During these periods there w'ere 
numerous days with temperatures above 32 "\F. and some- 
times above 4I^F., w^hich would be high enough to stimu- 
late certain metabolic activities and to affect desiccation of 
plant tissues (8, 11, 12). Such commonly occurring com- 
bination of soil and air conditions in winter could be a con- 
tributing factor to winter desiccation and permanent injury 
of plants on the prairies. Further intensive study to explore 
this phenomenon of winter killing of plants, especially^ 
evergreen species, is being contemplated as the result of 
this investigation. 


^ Crossley, ibid. 
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Stem-Break in Senescence in Oats’ 


J. E. Grafius, H. M. Brown, and R. L, Kksling- 


T he use of the combine and the accompanying tendency 
to let the oat croti stand in the field after maturity has 


A to let the oat crop stand in the field after maturity has 
resulted in a peculiar type of lodging called stem-break. 
Stem-break is an “old age” form of lodging occurring after 
the plant is dead ripe. 

The use of a lodging resistance factor, cLi-, as a measure 
of lodging resistance in the green plant was developed in 
a previous paper'- This paper on stem-break in senescence 
makes a natural secpence. Fortunately, resistance to this 
form of lodging is readily measured by letting the guard 
rows stand after harvest until the culms start to crinkle or 
brea.k. Hence the problem is not so much one of measure- 
ment and prediction as one of determining the factors 
involved. 

The purpose of this paper is to determine some of the 
factors involved in stem-break in senescence and to find 
out if varieties resistant to lodging as measured by the cLj. 
factor tend to resist Stem-break. 


height to the base of the head in centimeters. The constant c is a 
factor which converts the height b into force. Five cLr readings 
w^ere taken per plot Hereafter these readings whll be referred to 
as lodging resistance readings. 

Date of heading notes w'ere taken according to standard pro- 
cedure. 

The Lepiosphaerhi av enema G. F, Weber (Sept aria avenae Frmk) 
notes w^ere taken on a scale of 1 to 5, w4th 5 being severe. 

Correlation coefficients were calculated using variety means. 


EXPERIMENTAL RESULTS 


MATERIALS AND METHODS 


The percentage of broken culms (stem-break) wnis recorded for 
the guard row's of microyield plots in 2 oat nurseries, 11 days after 
harvest. There w^ere 44 varieties in nursery A and 42 in nursery B, 
with 3 and 4 replications, respectively. Both nurseries Were in the 
same held, in the vicinity of East Lansing, Mich. Except for three 
check varieties, each nursery w^is comprised of different varieties. 

Lodging resistance factor readings w^ere taken earlier in the 
season on the green plant at the early dough stage. The lodging 
resistance factor has been previously (2) described as cLr = , 

■' F::' .. 

b 

where F = the w'eight in grams of chain supported and b = the 


journal Article No. 1749. Michigan Agr. Exp. Sta. E. Lansing, 
Mich, Received March 24, 1955. 

“ Associate and Assistant Professor of Farm Crops and Assistant 
Professor of Botany and Plant Pathology, respectively. The authors 
thank Dr. C. M. Harrison for his critical review^ of this paper. 

“Grafius, J. E„ and H. M. Brown. Lodging resistance in oats. 
Agron. Jour, 46:414-418. 1954. 


Three factors were observed to be associated with stem- 
break percentage. These were lodging resistance readings, 
maturity as measured by date of heading, znd Sep tor m 
readings. The interrelationship between these variables is 
most readily established by means of simple correlation 
coefiicients as shown in table 1, 

In table 1 it may be seen that coefficients for maturity //.r, 
stem-break and lodging resistance /'.r, stem- break are highly 
significant and of about the same magnitude. The relation- 
ship between stem-break and Sep tori a readings is significant 
in one case. It will also be noted, that the coefficients for 
maturity vs. Septorta readings are highly significant. How- 
ever, the fact that stem-break percentage was in part deter- 
mined by three variables which were not independent 
makes it difficult to draw conclusions from table 1. For 
example, the significant correlation coefficient between 
stem-break percentage and Sep ton a readings was shown by 
means of part correlations’* in table 2, to be due to the 
correlation between Sep tor /a reading and maturity. 

The part correlation coefficients in table 2 indicate that 
lodging resistance and maturity are about ecjually important 
in determining resistance to stem-break. This emphasizes 
the need to take stem-break readings within maturity 
classes or on comparable dates. When stem-break notes are 


* Ezekiel, Mordecai. The methods of correlation analysis, p, 183. 
John Wiley and Sons, Inc. New York, 1930. 
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taken for all varieties on the same date, an allowance must 
be made to compensate for the fact that the earlier matu- 
rity varieties have been standing in a dead ripe stage lor 
a longer time. 

Multiple regression statistics involving all four variables 
are given in table 3. The data in column 4 indicate that 
the 3 variables, lodging resistance, maturity and Septmia 
readings, accounted for from 28 to 36% of the variation 
in stem-break percentage. 

DISCUSSION 

In a previous article'"^ the question was raised as to 
whether lodging resistance in the green plant was associ- 
ated with stem-break in the senescent plant. The question 
is important both from the economic and theoretical stand- 
point. It is important to know if selection of lodging re- 
sistant varieties will also tend to give varieties which will 
stand for combine harvest It also is important to isolate 
some of the factors involved in resistance to stern-break. Tn 
examining this relationship the effect of two other factors 
became apparent. It was found that relative maturity and 
amount of Sept aria were correlated with stem-break. 

Part correlation coefficients established the relation.ship 
betw^een stem-break percentage vs. lodging resistance, matu- 
rity and Sep torn readings. Lodging resistant varieties did 
tend to resist stem-break in .senescence, but comparisons 
between varieties should either be made within maturity 
classes or the readings should be made in such a way as to 
compensate for the effects of differences in maturity. 

It was shown further that the apparent relationship be- 
tween stem-break percentage and Septoria readings was 
partly due to the correlation between maturity and Septoria 
readings. This is not to say that Septoria will not cause 
stem-break under more severe conditions. 

Multiple regfes.sion coelBcients showed that lodging re- 
sistance, maturity and Septoria readings accounted for from 
28 to 36 % of the variation in stem-break percentage. 

SUMMARY 

Lodging resistance is measured by the cL,. factor, matu- 
rity and, to a lesser extent, Septoria a venae readings w'cre 
found to be correlated with stem-break percentage in 
senescence. In particular, it was found that there was a 
tendency for lodging resistant varieties of oats, as meas- 
ured by the cL,. factor, to resist stem-break. 

Graff us and Brown, ivV, 


Table 1. — Simple correlation coefficients involving stem-break 
percentage, lodging resistance, maturity, and Septoria 
a venae readings on nurseries A and B. 


Factor 

Nur.s- 

ery 

d.f. 

Lodging 

resistance 

1 

1 Matu- ■ 

1 rity . , 

Septoria 

reading.s 

Stem-break 

percentage.---.- 

A i 

42 ^ 

--0.424^*^* 

1 

1 -0.388** 

0.311* 

B' ,| 

■ 40 i 

1 

-0.410** 

^ -0.484**' 

0.291 

Lodging re- 
.sistance 

A : 

^ 42 ' 


. 0.215 

-0.275 


B 

; 40 1 


0,161 

0.033 

Maturity - 

i 'A'-- 

B 

42 1 
40 j 

„„ — ,, — j 


-0.407** 

-0.532** 


" V < 0.05. 
P < 0.01. 


Table 2. — Part correlaiitm coefiicients for stein-hreak percentage 
(Xj) vs. lodging resistance (X-), maturity (X?), 
and Septoria readings (Xt). 


Symbol*' 


12 U 


24 

14 '- 23 


Nursery 

V A 

B 

■A 
^ B 

: A ' 

B 


! Coefficient 

T 

j; .■ ™0;391.., 

i - 0.296 
I - 0.401 

i "" '■■' 0.127 ' 

0,129 


13*' .54 h ihe cueftlcieiit oj part ciMTt'l'itiuii tsi with X^, when- the 
eUeets of X.^ anil ijave been ienicjvefi. 


Table 3. — ^Multiple regression statistics invt>Iving stem-break 
percentage, ItKlging resistance, date of heading 
and Septoria readittg. 


Nur.sory 


A - 
B. 


It 

'■ 0.530^* ■ 
:^0,■596^'Y 


R- 

,0,.28' 

0.36 


P < O.OL 






Frost Heaving of Seedlings in the Laboratory' 


E. J, Kinbacher and Horton M. Laude" 


F rost heaving, an uplifting of the soii surface caused 
bv the formation of ice layers or lenses within the soii 


X by the formation of ice layers or lenses within the soii 
during freezing, may result in serious stand losses in 
regions where freezing and thawdng are accompanied by 
conditions of high soil moisture. 

Lamb (8) has considered heaving to be among the most 
common causes of injury to winter wheats in the North- 
eastern United States. Biswell et d, (4) reported that on 
California ranges, where freezing and thawing temperatures 
occur in the rainy season, heaving is a frequent cause of 
failure to obtain satisfactory stands of grasses and legumes 
on reseeded burned brushiands. Frischknecht (6) noted the 
importance of heaving as a cause of seedling mortality fol- 
lowing melting of snow' in the spring on Utah ranges. The 
losses from frost heaving incurred in forest nurseries were 
discussed by Jones and Peace (7) who directed attention 
to the lack of experimental work conducted on this phase 
of winter injury. Bay] es and Taylor (2), wdth reference to 
breeding w'ork for w^interdiardineSvS, have pointed out the 
need for some practical method of measuring resistance to 
heaving. They state, f’lt has been possible to obtain reliable 
information on resistance of varieties to low' temperatures 
both in field tests and with controlled temperature cabinets, 
but as yet a satisfactory technique has not been devised for 
determining, with controlled equipment, the relative resist- 
ance to heaving.'’ 

Certain information has been developed from both field 
and laboratory study pertaining to the principles and factors 
underlying the frost heaving of soil. Taber (9, 10) and 
Beskow (3) have studied the physical conditions affecting 
the frost heaving of soils in the laboratory. The former 
investigator considered the chief factors governing exces- 
sive soil lift to be availability of water, rate of freezing, 
and texture, consolidation, and composition of the soil. 
Most extensive frost heaving reportedly is associated with 
high levels of soil moisture, slow freezing or alternate 
freezing and thawing, and a fine-textured and well-com- 
pacted .soil. 

Bouyoucos and McCool (5) stressed that the heaving of 
soils is not dueTo mere expansion of w^ater upon freezing, 
but rather to the growth during freezing of ice columns or 
ice layers from unfrozen water drawn to the freezing sur- 
face. The amount of soil surface uplift is essentially equal 
to the total thickness of the ice layers (10). 

The importance of soil cover in influencing the time and 
depth of soii freezing has been stressed by Anderson (1) 
who compared bare soil with grass and brush cover, noting 
that a vegetative cover reduces both the depth of freezing 
in soil and the length of the winter freezing period. 


^ Contribution from the Department of Agronomy, University of 
California, Davis, Calif. Includes a portion of a thesis submitted 
by the senior author in partial fulflllment of the requirements for 
the Ph.D, degree at the University of California. Received April 11, 
1955. 

Formerly Graduate Assistant, University of California, now 
Agent (Plant Physiologist), Field Crops Research Br^ch, A.R.S., 
U.S.D.A., and Instructor in Plant Breeding, Cornell University Agr. 
Exp. Sta., Ithaca, N. Y.; and Associate Professor of Agronomy, 
University of California, respectively. 


Most studies of frost heaving in w'hich plants have been 
considered have been based upon field observation made 
several weeks after the frost action has occurred, in some 
cases being made in the spring on plants heaved the pre- 
vious autumn and wdntcr. After such an interval of time, 
plant responses are considerably obscured by the numerous 
uncontrolled factors of the environment, and critical deter- 
mination of the injury has been impossible. To the authors’ 
knowledge, only one attempt to heave plants in the labo- 
ratory has been published (7), and in this instance insuffi- 
cient soil lifts were obtained to permit study of the plant 
responses. 

The objectives of the current research w'ere first to de- 
velop a satisfactory procedure in the laboratory under con- 
trolled conditions to heave the seedlings of growing plants, 
and then to study critically the injuries induced by this 
frost heaving wdth a view' tow'ard clarifying the nature of 
heaving resistance. The former objective is treated in this 
report. 


EXPERIMENTAL PROCEDURE 


The Uiboratory techniques for heaving soils, developed by Taber 
(9, 10) and Beskow (3), supplied concepts which, when modified 
to permit plant growth, served as a basis for the development of 
the present method. These investigators were succe.ssful in produc- 
ing frost heaving within freezing cabinets on cores of soil which 
during freezing were continuousiy supplied evith water and were 
insulated with sand or cork pow'der except for the exposed upper 
.surface. ■ 

In our studies, freezing temperatures were produced in a cold 
chamber having a floor area of 30 square feet, a volume of 150 
cubic feet, and having the temperature of the circulating air thermo- 
statically controlled within 2® F. of the desired setting (figure 1). 
Soil w'as packed in quart liquid-type cylindrical cardboard con- 
tainers 8.5 cm. in diameter and 16 cm. high. Such cartons may be 
cut open easily for examination of plant roots W'hen desired. The 
bottom of each carton was perforated with six small holes and 
covered with filter paper before being filled with soil. Filled car- 
tons W'ere wet by sub-irrigation, being set in a tray of shallow 
water in the greenhouse. This means of watering was used also 
during seedling growth after planting. To provide a source of 
reserve water during the freezing periods, each carton was set in 
a vessel 12 cm. in diameter and 8 cm. high containing a 2-inch 
depth of water. A masonite collar around the carton and resting 
on the lip of this water vessel prevented the entrance of the dry 
insulating sand in which the cartons and water vessels were packed 
during freezing periods with only the upper surface of the soil 
core exposed. It was found that the soil core froze from the top 
downward, and that the reserve water remained unfrozen during 
a 24-hoiir cold exposure when 6 inches of dry sand was placed 
beneath the water vessels for insulation and the carton centers 
were 6 inches from the sides of the wooden boxes containing the 
■ ■sand.' 

Humidity within the chamber was not controlled, and although 
the chamber was equipped with fluorescent lights, the heaving 
tests were conducted in darkness. Continuous records of air tem- 
perature 12 inches above the soil surface and of sand tempera- 
ture at l/^-inch depth were obtained on recording thermographs. 

Twelve cartons of soil were frozen at a time, there being 6 m 
each of 2 wooden sand boxes. By successive lepetition of each test, 
adequate numbers of heaved soii cores were obtained. In each- 
carton 2 seedlings were tested, and for a comparison between 2 
varieties or species, 1 seedling of each was used. 

When more than two plants were grown per soil core, it 
became difficult to separate the root systems upon later examina- 
tion. To insure two uniform seedlings without the necessity of 
planting additional seeds, sprouted seeds were planted. These 
were germinated on filter paper in Petri dishes in a seed germinator 
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Fig. 1. — Interior of the cold temperature cham- 
ber in which frost heaving was produced. 


and sown when the radicle was barely emerged from the seed 
coat The age of planting %vas calculated from the time the seed 
was placed on moist filter paper. Seedlings were subjected to heav- 
ing when the roots had reached the bottom of ^ the ciuton, this 
being at about the two-leaf stage. The age at initial testing varied 
somewhat depending upon the plant involved, being 14 days in 
the case of perennial ryegrass and Hardinggrass and it) days for 
varieties of winter wheat. 

Initial trials involved two 24'hour freezing periods separated 
by a 24-hour thawing interval. The air temperatures selected for 
the freezing exposures were 20° to 30 °F. The following additional 
details were evolved from experiments using this general procedure. 

RESULTS AND DISCUSSION 

Five htie-textured California soils w^ere compared for 
ability to frost heave under like conditions. The.se soils 
were Yolo fine sandy loam, Aiken, Chino, and Panoche 
clay loams, and Egbert muck. In tests in which the Aiken 
clay loam and Egbert muck lifted over 1 cm., the other 
soils lifted only a few millimeters. The frozen surface of 
the muck was loose and flaky and lacked noticeable ice 
segregation whereas that of the Aiken soil was firm and 
permeated with small ice layers. Aiken clay loam was used 
throughout the remainder of the tests. The source of soil 
for heaving studies was found to be very critical. After 
using soil procured near Paradise, Calif., Aiken clay loam 
from another site 20 miles from the first W4is tried. Though 
both soil lots appeared to be identical, that from the orig» 
inal source yielded consistent frost heaving while the other 
failed to heave at all. 


The degree of unilhrmity of the soil when packed in the 
cartons appeared to be related lo the amount of heaving 
obtained. Soil sifted through a screen having 14 -inch mesh 
was compared with that passed thmugh a ^ inch mesh, a 
1,0 mm. screen, a 0.5 mm. screen, and soil pulverized wdth 
mortar and pe.stle. The pulverized soil was slowest to wet 
when set in water, and heaved the least when tested. That 
soil screened through the 14 -inch mesh yielded the greatest 
uplift. In all trials, slowness of wetting was related to poor 
heaving. Likewise, soil cores which vvere set out of the 
water tray and permitted to dry somewhat supported re- 
duced heaves compared to Iho.se continuously wet between 
the initiaL wetting and the heaving test. In the current 
studies, dry soil sifted through a screen of Lg-inch mesh 
was firmly tamped into cartons with a wooden block, the 
cartons': then, being set in .shallow water .for 24 hours. Re- ' 
duced ifregularity of soil .surface lifter freezing was ob- 
tained by depressing the surface 5 to 14) mm. with the 
finger tips at this time. Seed vv-as then pkuited, the ’carton 
refilled with dry firmed soil, and set in the water tray until 
the test. Upon thav^dng" after a freeze, tlie ma^rgins of the. ■ 
heaved soil tended to perch on tlie carton lip instead of 
settling to approximately the tirigin.d level as did the soil 
away from the margin. Uentfe depressing of this perched 
soil after thawing insured a relatively level soil surface fob 
lowing the next heave and did not injure tlie mots. 

Both Beskow and Talu-r direite<i anention to the neces- 
sity of reducing friction between the soil core and con- 
tainer, and accomplisheii this in part by lubrication of the 
inner container surfac'es. (’.omparison was inade of several 
lubricants in our studies by using them to coat the inner 
top half of the cartons before packing with soil. LIpon 
heaving, soil uplift among the cartons was found to be at 
least 1 cm. greater when chassis grease had been applied. 
This material produced no detectable eifect upon the seed- 
lings and was siiKsecjuently used in the preparation of 
cartons. 

Beskow (3) demonstraled that frost heaving rate was 
independent of freezing rate. Me recorded rui difference in 
the rate of soil uplift between 14 "' and JiS' lc This wus 
confirmed by the authors who t)htained analogtuis rates of 
soil rise at air temperalures <4' 20', 20", and 28''‘F., 
though as might be expected, heaving was initiated sooner 
at the lower temperatures. 

The heaving tests with plants vvere run at a 28 ~F. air 
temperature. This temperature was prc-ferable to a lower 
one as it permitted Linger exposure of plants without cold 
injury to the tissues, and for a given dunitiun of freeze, 
the soil core was frozen to a shailower depth with the ice 
layers being thicker and concentrated nearer the surface. 

Cold hardening of the seedlings before a heaving trial 
undoubtedly would be desirable. Neither facilities nor time 
was available in these studies to develop a high level of 
hardiness. The greenhouse-grown seedling-s vvere essentially 
unconditioned, being subjected only to 5 hours at 38 '■"^F. 

2 days before the freeze and to 28 for 90 minutes the 
day before the test. Seedlings survived the 24-hour expo- 
sure to 28°F, with any visible cold injury usually confined 
to the basal leaf. 

Measurements were made of soil lift arnl corre, spending 
plant movement. Since the soil surface before heaving was 
level with the lip of the carton, direct measurement of the 
rise of the soil above the carton edge was possible after a 
freeze. Plant lift was more difficult to determine, since dur- 




Fig, 2. — Six cartons in the insulating sand box after the second 
freeze. The rear left and front right cartons are controls. The 
four to the right are set over the heater. 


Fig. 3. — Control carton (left) and heaved carton (right) removed 
from sand box immediately following the second freeze. Soil 
had lifted 3.9 cm. at the base of the seedlings in the heaved 
carton. 


ing heaving the soil often lifted more than the plant. This 
upward soil, movement against the stem usually destroyed 
any marking on the plant at the soil level. Therefore, a dot 
of India ink was located for reference above the soil sur- 
face on first-leaf tissue which did not elongate during the 
freezing treatments. A millimeter scale v^as attached to a 
wooden rule which rested on the stationary sides of the 
sand box. Using this, any vertical movement of the plant 
from its original position could be noted, the uplift being 
attributed to frost heaving action. 

Soil lifts in excess of 1 cm. often did not result in seed- 
ling injury. In an effort to obtain greater soil uplift, each 
freezing duration was extended from 24 to 48 hours. This 
did not increase soil rise, and careful examination revealed 
that by the end of 24 hours a thin ice film was forming 
over the base of the cartons. This ice prevented free pas- 
sage of water to the zone of ice formation and checked 
soil lift. A source of heat under the cartons was provided 
by a 7 ^ 2 -watt bulb enclosed in a shallow metal box on 
which 4 cartons with reserve w^ater vessels could be set. The 
electric bulb, operated through a time switch, was on fre- 
quently enough to prevent king of the carton bases. The 
48-hour freezes at 28 then consistently produced soil 
rises of 1 to 2 cm., and frequently lifts of 3 to 4 cm. were 
obtained. Soil surface uplift commenced 9 to 10 hours 
after starting the freeze. At the end of 4S hours the soil 
core was frozen to a depth of approximately U /4 inches 
below the Hp of the carton, and sand temperature at depths 
of 1/2 2^2 inches was near 29® and 34 °F., respectively. 

With this greater soil uplift, the proportion of plants with 
tissue breakage was increased, 4S% of all Hardinggrass 
seedlings tested being so Injured. 

Two of the 6 cartons in each sand box were controls in 
which heaving was prevented, by the degree of dryness of 
the soil. These cartons were removed from the water tray 
5 to 6 days before a test, and during the freeze the reserve 
water vessel under them was dry. In other respects the con- 
trol plants were subjected to conditions identical with those 
of plants to be heaved. In figure 2 the front right and rear 
left cartons are controls, the former being seated over the 
heater which had no effect on soil uplift of the control. Of 


the four cartons heaved, the front left is not set on the 
heater and soil movement is reduced, A comparison of a 
heaved carton with a control carton removed from the sand 
box immediately after the second freeze is seen in figure 3. 
The control seedlings continued growth. 

To identify the moisture conditions used, additional car- 
tons were prepared for some tests and moisture determina- 
tions were made on soil 1 inch below^ the surface. The 
moisture equivalent of the Aiken clay loam used was 
32 . 2 %. Soil moisture on a dry weight basis averaged 
54.5% in cartons to be heaved, thus being well over field 
capacity. In control cartons moisture ranged from 24.1 to 
37.6%. Controls from those lots above the moisture equiva- 
lent were found to support heaves of a few millimeters, 
though the surface was loose and pow'^dery and the seed- 
lings were not lifted. Soil moisture well above field capacity 
appears necessary for the development of appreciable frost 
heaving. 


SUMMARY 


A laboratory procedure is described w^hich was devel- 
oped to produce frost heaving in soils during the growth 
of young seedlings. 

Soil surface uplift as great as 3 to 4 cm. w'^as obtained on 
soil cores 16 cm. long in a cold temperature chamber using 
two 48 -hour exposures to air temperature at 28 ®F. sepa- 
rated by a 24-hour thawing interval. The winter wheat and 
perennial grass seedlings te.sted at 10 to 14 days of age 
survived the cold. Tissue breakage attributable to heaving 
was produced in 48% of all Flardinggrass seedlings tested. 
The method permits critical study of the effects of frost 
heaving on seedling plants. 
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A Summary of Linkage Studies in Barley: Supplement 11, 1947-1953' 


D. W. Robertson^ G. A. Wiebe, and R, G. Sbaads- 


S INGE the publication of / A Siimniary of Linkage 
Studies in Barleyf' by Robertson, Wiebe, and Shands 
(16), several papers on linkage and genetic studies in 
barley haye been published. In the present paper, an 
attempt will be made to bring the linkage data up to date. 
A list of characters recently .studied by various workers in 
barley genetics and chromosome maps for the linkage 
groups are given. 


Genetic Factors 


Some of the previously reported characters seem to be controlkd 
by .similar genes, and in these cases one symbol is given to repre- 
sent such characters (table 1). While the gene difference for some 
of these characters may not be proved, the similarity of characters 
and location of genes on the chromosome indicate that the genes 
may be the same. In .several cases, different parents have been 
used, and the characters described are similar; however, no test 
has been made to determine if their expression is due to the inter- 
action of the same gene. To simplify the nomenclature, many of 
the previously reported symbols will be dropped and one symbol 
used. ' 


New Symbols Allotted 


Several new characters have been described in genetic .studies 
made since 1946. Smith (20) has summarized the genetic litera- 
ture, describing characters and allotting symbols to many genes not 
listed by Robertson and co-workers (15, 16). Table 2 presents a 
list of symbols allotted to the various characters not previously 
discussed or where changes have been made in the symbols. The 
authors would be pleased to; receive suggested symbols for new 
characters being studied in order to check them against the sym- 
bols already assigned and prevent duplication. 

In showing the linkage map, only genes which have been 
found linked with two or more other genes will be shown. Since 
the publication of Smith (20), several additional genes have been 
added to Group I. In some cases the order of the genes on the 
map is different from that presented by Smith (20). 


Linkage Group I 


tr U pc 


Ir 

Ik 

V 


pr rin g re2 b e f 


y 




or 



^ Contribution from the Department of Agronomy, Colorado Agr. 
Exp, Sta., Fort Collins, Colo.; the Field Crops Research Branch, 
A.R.S.j LT.S.D.A.; and the Department of Agronomy, Wisconsin 
Agr. Exp, Sta., Madison, Wis., cooperating. 

Published witli the approval of the Directors. Designated as Sci- 
entific Jour. Series Paper 454 of the Colo. Agr. Exp. Sta., and a 
Jour. Paper of the Wis. Agr, Exp. Sta. Received April 11, 1955. 
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The factor pairs located in linkage group I are as fob 
lovys: normal vs. triple-awned lemma, Tr ir (16, 20); 
normal vs. ligukless, L/ /; (24)'b purple- veined vs, white 
lemma, Lb (15, 20); and h\ a series of multiple 
alleles; non-six-row vs. six-row, Ff (13); awned vs. awn- 
less, Lk Ik; normal vs. reduced lateral spikelet appendage 
on the lemma, Lr Ir (16) ; purple v.s. ntuipurple stem, Pr pr 
(13; 20, 22) ; : lax Rhi r/fi {16); toothed' vs. 

untoothed lemma, 13, 20): purple vs. nonpurple 

pericarp and lemma or red vs. yellow [lericarp, re2 
(15, 30)‘L the latter Ixdng one of the complementary gene 
pairs for purple color of the pericarp; tall vs. short, HL 
(13); normal vs. long-awned glume, ik (16), possibly 
the same factor pair as wdde vs. narrow glume, IT%' (15) ; 
normal vs. chlorina plant color, Ff (15, 16) ; normal vs. 
virescent or yellow seedlings, multiple alleles (L^) l 

green vs. light-green seedlings, Lg Ig (16) ; and green vs, 
orange seecfiings, Or c/r (16).^ Several lax vs. dense spike 
factor pairs have been located by various workers on link- 
age group I (13). 

The crossover values obtained by various workers, which 
are not reported by Robertson and co-workers (13, 16) , are 
presented in table 3. 


Table l.—Genetic factors which may express the same character. 


Character 

Hecom- 

irumded 

symixil 

Previous 

symbol 

used 

.Author- 
; ity* 

Normal vs. long-awned 




giume.-. 

Ee. 

ITtCj Log lag 

■■15.' 

Purple vs. nonpurpie grain | 



(Cornplmientary factors) _l 

Re re \ 

■PpFRe-reT ] 
Pi pi : 

15, 20> 
30 

Resistanee vs. susceptibility 



to mildew „ 

Mlg, 

nil i'.p nil, up 1 

2, 20 


^ Literature Cited, 


"Chief Agronomist, Colo. Agr. Exp. Sta.; Principal Agronomist, 
U.S.D.A.; and Senior Agronomist, U.S.D.A. and Wis. Agr. Exp. 
Sta., respc*ctively. 

® Schooler, A, B. A .study of the possible location of the ligule- 
less (auricle-less) gene in linkage group J in cultivated barley. 
M.Sc. thesis, Colorado A. & M. G>L 1952. 

* Smith, H, S. The inheritance of seed color in the cross Horde urn 
Intefmed'uuu voniutum X llordeum dhilekon nudum. M.Sc. thes^s^ 
Colorado A. ^ M. Col. 1931. 
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A multiple allelic series is described by Woodward (29) 
for the inheritance of fertility of the lateral florets, tvPV 
ir j/i This series reacts with the L i series in linkage 
group IV to give different degrees of fertility of the lateral 
Sorets. 

All or genotypes are characterized in by con- 
siderable development of the lateral florets and lemma 
awns. These laterals are relatively infertile in the presence 
of /V but show considerable to almost complete fertility 
when either or 1/ combinations accompany the hetero- 
zygous Fr’ genotype. 


FF, F'^F. and genotypes have no awns on the 

laterals regardless of the / alleles present. Lateral floret and 
kernel development is more pronounced with F^ than with 
F genotypes. 

With few exceptions, all Vh’, VH^ and plants 

appear very much like the F^F^ deficiens parent having 
reduced lateral florets with no apparent sex organ,: lateral 
awn, or beak development. In a few crosses the heterozygote 
could be classified as a weak two-rowed type having lateral 
florets similar to Nudideficiens while in others the laterals 
were even stronger. 


Table 2. — New symbols allotted since 1946 to genetic characters. 


(Iiaraeter 


Recommended 

symbol 


Pi’evious 
svmbol used 


Authoiitv* 


Normal vs. branclied ear. ^ 

Normal vs. branclied^ ear, second factor. . 

Brown ytdiow vs. white lemma . . .. ^ 

Third factor fw lu’ittle rachis.:: : 

Awned vs. dehiscent awn.,. : 

Awned vs. dehiscent^ awu, second factor. .... 

Elarly vs. late iiiaturity, second factor. 

Early vs. late maturity, thii’d factor., 
.,Ei*ectoides.. ... : .. . . ... „ . ... .. 


Normal vs. fra.gi}(tstem...:..^ L : 

Resistanee vs. suseeptibility t<) greenbug 

Resistanee vs. siis(a‘})tibiiity to gi-een})ug 

Re.sistanee vs, suscept ilnlity to gri^enbug.. . .. .. 

■ Tall vs.. short„ ... „ ■„ .. ... 

CbraplemiHitary faetor iiihil)iting red pericarp {a)lor . .. 

Normal hood vs. eknoited lioocl _ .. ., > .. .. „ .. „ .. _ 

Heavy vs. light kernels (several factors),™ 

Hooded vs. loiig-awned » . .. , .. 

Lax vs. dense spike : , ^ , 

Lax vs. dense spike _ _ ^ _ _ , , , , , „ _ . 

Lax vs. dense spike., - , .. , , _ , _ _ ~ - - . 

Lax vs. dense spike™ :: .. ... _ _ _ _ . 

Lax vs. dense spike _ „ ' ™ ™ ™ _ .. 7 » ■„ . 

' Lax vs. dense spike, ™ , ™ , , . 

.Lax vs. dense spike 

Normal vs. long basal iiiternode..,. 

Nonnal vs, liguleiess, _ . .. , .. .. ™ 

Series of factors for awn length - , . 

Susceptibility vs. resistance to infldew , : 

Susceptibilit.y vs. resistance to mildew, . .. , 

Resistance vs. susceptibility to mildew,,,, 

Resistance vs, suseeptibility to mild{>w, .. ,, _ , _ _ . , , . , , 
Resistance vs. suseeptibilit.y to nonparasitic leaf spot, 

Purple vs. nonpurple lemma ~ _ .. . - . . _ 

Purple vsi nonpurple lemma.. , . ™ , 

Resistance vs. susceptibility to Pucvinia ammtala 

Rough vs. smooth awn _ .. , _ , , , , „ - , .. _ ™ ™ _ _ , , , 

Rough vs. smooth awn 

Rough vs, smooth awri- ~ - 

Spring vs. winter habit.. _ ™ ™ , - - - - , - .. 

Spring vs. winter habit- - „ - L : „ , , 

Spring vs. winter habit - 

Spring vs. winter habit (light sensitive) 

Normal vs. subjacent hood--- 

Breaking strength of straw 

Normal vs. unbranched style 

Normal vs. unbranched style 

Normal vs. branchless stigma 

Resistance vs. susceptibility to Ustilago nuda 

Resistance vs. susceptibility to U, nuda 

Resistance vs. susceptibility to U. nuda 

Resistance vs, susceptibility to U. nuda 

Normal vs. ‘‘uzu’' 

Waxy bloom on head and sheath vs. normal.-.. 


Be he 
Bei he2'' . 

Bghg 
Btshtd 
Da da 
Da$ daS 
Ea2ea^ 

EaS eaS 
14 different loci 
involved 
Fsfs 
Grh grh 
Grh2 grh2 
Grhd grbS 
H2k2 ' ■ 

J2 32 - 
KK- 
Kwkw 
KWkl2 
L2m. 

LSIS 

L414 

Lola 

Lem 

L i* i K, 

Laid 
Lhlh 
Li li 

Lkim Lko IM 

Mlrn 7}llm 
Min min 
MhmUv 
N p ti p . ■ ■■ ■ 

. P2-p2 ' 

PSpS 
Papa 
R$ r2 
RS rS 
R4 H 
Shsh 
Sh2sh£ 

ShS 
Shs shs 
Sk sk 
Sts stfi 
U2 -u £ 

US uS 
m %i4 
UnS imS 
. U7 i 4 ’un4 
Un5 uno 
Un6 und 
Uz uz 
wh2 


Lkulkn 


Khkh 

Lilt 

L^U 

L,l, 

LaI\ 

L 5/5 


Wh j wh 1 


15, 20 
15, 20 
15, 20 
15, 20 
15, 20 

i 

6 

24, § 

13 
20 
20 
20 
20 

14 

15, 20 
15, 20 
7, 16 
15, 20 
15, 20 
15, 20 
20 
20 

22, 25 
24 
16 

15, 20 
15, 20 
23 
17 
17 
17 
19 
21 

15, 20 


* Literature Cited. 

t Letter from A. M, Sdilehuber. Okla, A, & M. College, Stillwater, Okla, 

$ Webster, 0. J. Genetics and morphology of rachis internode length in bar 


$ Webster, 0. J. Genetics and morphology of rachis internode length in barley, Ph. D. thesis, Umv. of Minnesota 1950 c , t a . 

§ Schooler, A. B. A study of the possible location of the liguledess (auricle-less) gene m linkage group I in cultivated barley. M. Sc. thesis, Colorado A. & U. 
Coh, 1952, 
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Table 3. — Linkages and associations not reported in linkage group I in previous summaries (15* 1 /j)« 


Charaeter 

. 

Recom- 

mended 

syrnlK)! 

Previous 
syrn! ml 
ust‘d 

Fta'centage 

recumhi- 

luition 

Authority* 

Noii-six-'rowed vs. six-m\ved (V5\) in relation to: 

Browuish-^’ellow vs. white lemmas _ „ - - - ~ 

Bil hq 

0(1 

38 . 6 

20 

24: 

Normal vs, long-awned glumes. . 

Ee 


’2i .6 

Heavv vs. light ktaaieis (kejiiel wt. ) 

K w ktv 

: - 

Cori'tdated 

20 

Lax vs. dense..- - 

LI 

' 

Coiavlated 

20 

Normal vs. liguleless.. _ . .. .. - - - - - 

Li li 

Al al 

38.9 

4(U42 

24 

Normal vs. liguleless-- . 

LIU 


t 

Normal vs. male sterile - _ 

M.s^ 

. — - 

(^3rrehit(*d 

20 

Resistance vs. susceptibility to Pvccmia anomala-.- 

Pa pa 

■ - — ■ 

(.’orreiated 

7 

Purple vs. white straw.- - . ^ - 

Pr pr 


S.4 

10. 1 

24 

Purple vs. white straw..-- - - 

Prpr 

1 ' ■ 

2S 

Complementary factors for piii'ple vs. nonpurple lemma and j)ericar|) 

Re2 re2 

4-18 

30 

Normal vs. tweaky spike - 

Tw tw 

! 

1 Cor-r(‘late*l 

t 

Normal vs. iong-awned glumes [Ee) in relatioii to: 

Toothed vs. untoothed lemma- - 

0(1 


1 ];l-4I 

8 

.Normal vs. liguleless.. . 

Li li 


50 . 0 

24 

Purple vs. white straw - 

Pr pr 


1 34-. 0 

24 

Normal vs. liguleless {Li H) in relation to: 

Purple vs. white straw - : 

Pr pr 

i 

' 30 . 4 

24 

(dreen vs. {.diloiina st^edling (Ff) in ndation to: 

NoiTnal vs, liguleless.. - 

Li/i 

1 .-1/ id , 

50.4 

t 


t t Schwler, A, B. A study of the possible laciition nf the !ia;ub‘-leHs (aiiritla-jess) gene in linkriffe group I in cultivated liarlev. M. Se, tlu'sis, Colo. A. ^ -M. CoL^ 

^ Robertson, B. W. Unpublished data. 

* Literature Cittul. 


Table 4. — Linkages and associations not reported in linkage group XI in previous summaries (15, 16). 


Character 

Reeom-' 

mended 

symbol 

Previous 

syiiilK)! 

used 

Percentage 

i*ecoml)i“ 

nation 

Authority* 

Black vs. white lemma and pericarp (R5) in relation to: 

Normal vs. brittle rachis— - - - - - - - - . . - .. .. .. . .. - 

Bt hi 


i 

20.5 . 

27 

Complementary factor pairs for purple vs. nonpurple lemma and perieari) „ 

Ro re 

: tv 1 

14-31 

30 

Normal vs. third outer giiime_— - ; . 

Trd trd 


11.0 

9 

Normal vs. third outer glume.. _ _ _ . - . . 

Trd trd 

{i)ntct«‘ate') i 

14.8 

24 


^ Literature Cited. 



All plants carrying ///’ genes regardless of their accom- 
panying i alleles are six-rowed and for the most part are 
fully fertile. 

The genotype (White Deiiciens, C I. 7140) is a 
deficieiis phenotype regardless of which I alleles are 
present The Fv L / allefe are entirely hypostatic to 
as in w genotypes. 

FF or genotypes in the presence of ii prevent the 
development of latefal ovules and awns or hoods on lateral 
florets. The genotype for Svanhals (C. L 187) is n 
and for Hordeum deficwm tu^didefidem {C. L 2229) , 
Wd 

The intermedium factor A which may be regarded as a 
factor for fertility* is able to carry the development of 
laterals only part of the way, the laterals being infertile 
and with rounded lemmas in II or // genotypes. Under 
certain growing conditions from 1 to 3 undersized lateral 
kernels per head may be found in the 11 genotypes as in 
H, dhtkhon nigYinudum (C. 1. 2222) VVIL 

The P factor which is an allele for high fertility pro- 
duces partial fertility ranging from 5 to 60% in the VVPP^ 
genotype. When associated, with FF neither P not I pro- 


duces as strongly developed lateral florets as when asso- 
ciated^, with F'^FA 


Linkage Group II 

The factor pairs located in linkage 
seated below: 


The following factor pairs are located on the chromo- 
some map. The allelic series for lemma and pericarp colors: 
black vs. white lemma and pericarp, Bh (15); gray vs. 
white lemma and pericarp, (16); medium black vs. 
white lemma and pericarp, (16); normal vs. third 

outer glume* Trd trd (5>, 15, 24); normal vs. white seed- 
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Table 3. Linkages and associations not reported in linkage group IV in previous summaries (15, 16). 


Ghamyter 

Recom- 

mended 

symbol 

Previous 

symbol 

used 

Percentage 

recombi- 

nation 

.4uthonty* 

Hooded vs. aw^'iied ( A'/N in relation to: 

Early vs. kite _ ... - „ ' ■ 

Louk vs. short-awned _ 

Ea2 eaS 

Lko Ikd 

Li 

RmZ rmZ 
LqS IqS 

Ml, ml, 

Kk 

K-k 


20 

6.9 

Correlated 

Correlated 

10.5 

16.0 

21. 5 

23.5 

20 

13 

t 

20 

4, 5 

2 

24 

24 

Lax vs. dense spike , ,. 


Hatdiis inteniodfMiurab , . _ 

Normal vs. liglit-greeii seedling- _ _ - _ 

Res. vs. suseeptibilitv to mildew raee 4-..-- : 

Blue vs. nonblue aleurone (Bl U) in relation to: 

Hooded vs. awned ^ 

EieAaited hood V.S. a wiied . . .. 

■ — - 




t Ostler, R, ,1). Inheritance of rachis length in crosses of accordiaii rachis, Colo. A. & M. Col, M. Sc. thesis, 1949. 
* Literature Cited. 


Table 6. — Littkage.s and associations not reported in linkage group V in previous summaries (15, 16). 



Character 


Rough vs. sinootli a\^al iRr ) in relation to: 

Early vs. late hwiding-.. - 

Normal vs. fragile stem. . 

la'ix vs. dense sfiike . .. ^ _ .. . 

Long vs. sliort liasal sjiikt* internude 

Long vs. short-haired raehilia----.. . . 

Long vs. short-haired rachilla (Ss) in relation to; 

Normal vs. fragile stem- : _ - - . . . - 

Hairy vs. nonhair>" raidiis . . .. ----- ; - 

Lax vs. dense spike - - _ _ _ . - .. . .. 

Lax vs. dense spike - - _ ^ - ------- 

Long vs. short basal spike internode: - - - ... 

Branched vs. unbranched style (3 factors) 

Lax vs, dense spike {LS IS) in relation to: 

Long vs. short-liaired rachilla 

Rougli vs. smooth awn - - - ~ 


Recom- 

mended 

symbol 

Previous 

symbol 

used 

Pereeiitage 

recombi- 

nation 

Authority* 

EaS eaS 

1 Fin ea 

Correlated 

15, 20 

Fsp 

La la 

Lb lb 


38.6 

! Correlated 
16 

24 

' 

6, 20 

Ss 


25-26 

24 

Fsfs 

' 

20-26 

22,24 

Hr hr 

LI 

Lai d 


23 

Correlated 

Correlated 

27, 20 

1 

Lhlb 

Bi hi 

40 

6, 20 

Uu 

L.h 

Correlated 

15 

Ss 

— — 

29.3 

6 

R2 r2 


34.7 

6 


t Webster. O. J. Genetics and morpholegy of radiis intemode length in barley. Univ, of Minn., Ph. D. thesis, 1950. 
t Ostler, R. I). Inheritance of rachis length in crosses of accordian rachis, Colo. & M. Col., M. Sc, thesis, 1949. y 

* Literature Cited. ’ 


lings in Trebi .T, Atat (15) ; normal vs. brittle rachis, Bt bt 
(27). Two other genes have been located on the map, but 
their relationship to the Bh factor pairs has not been deter- 
mined; namely, susceptibility vs, resistance to mildew race 
% (16) and resistance vs. susceptibility to mildew 

race 3, (16). 

Linkage Group III 

In recent studies wdth interchanges, Kramer and co-work- 
ers (10) have indicated that linkage groups formerly 
designated as III and VII should be considered as one. 
Therefore, linkage group III wdll be discussed with linkage 
group Vn. 

Linkage Group IV 

The genes located in linkage group IV are presented 
below: 

P K 

I 

/ b lg4 z IgS gl gl2 hi 


The following factor pairs are located in linkage group 
IV: the allelic series I, i (15); fertile intermedium vs. 


nonintermedium, Pi (15); infertile intermedium vs. non- 
intermedium, // (15); hooded vs. awned, (15, 24) ; 
elevated hood vs. awmed, K^k (24); normal vs. light-green 
seedling, Lg4 lg4 (16) ; normal vs; zoned leaf, (16) ; 
normal vs. light-green seedling, Xg3 /g3 (4, 5); normal vs. 
glossy seedling, Gl gl (16) ; normal vs. glossy seedling, 
Gl2 gl2 (16); resistance vs. susceptibility to mildew, 
using race 3 (16) and race 6 (6) ; and blue vs. 
nonblue aleurone, Bl hi 

Linkage Group V 

The factor pairs located in linkage group V are pre- 
sented below: 

Ih r 1 3 r fs 


The foilowdng factor pairs are located in linkage group 
V: long vs. short basal spike internode, Lb lb (6, 20); 
rough vs. smooth awn, Rr (15); lax vs. dense spike, L3 /3 
(15); long vs. short-haired rachilla, Ss (15); and normal 
vs. fragile stem, Fs fs (24). 

The crossover percentages and associations of factor 
pairs not reported in linkage group V in previous sum- 
maries (15, 1 6 ) are presented in table 6. 





>$ 
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Table 7.— Linkage and associations of factor pairs not rciported in linkage group VI in previous summaries (15, 16). 


, (7i:uu'acter- ' 

!' ■ 

; Recoin- 
i men(k‘d 

1 symbol 

1 ' ' . ■ 

Previous ' 

1 . symbol , 

i used ■ I 

Perc<‘ntage i 
recombi- | 
nation i 

.\uthoiity* 

N or mill vs.7*u2«’V( U 2 in relation 

Green vs. white seedlings in Nigrim.iduni 1 . ^ , 

i ..'1 ij (iji 

j 

15. S 

1' ■ ^ 

1 21 

Green vs. white seedlings in Colsess I . - ----- — . - 

1 A t: (1 


10,7 

1 21 

Green vs. xantha seedlings (X c .Pc) in Colsess IV in relation to: 

■ ■ Lax vs . dense spike ' - - ■... : - - - - - 

; Lj. 

.... ■ • ■ i 

1 .3 

1 , ' 

Normal vs. xantha seedlings ( Vs .Cs) in Smyrna I in relation to: 

Lax vs. dense spike,. - _ _ - - .. 

1 .L, Cv, 

■ . ■ ' i 

' ' " ■ 1 
C : ■ ■ ■ 

1 „ , ■ ■■ . 

<Jorre!att‘d 

■ ' ■ ! 

! 't 

1 

i' 


* Literature Cited, 

t Weteter, 0. J. Genetics and morphology ot rachis iiUeriiode length in barley. Ph. I>. thesis, Univ. of Mimiesota, 1950. 

Table 8. — ^Linkage and associations of factor pairs not reported in linkage group 111 in previous summaries (15, 



...Clniracter ■. 

I 

Recom- 

mended 

symbol 

Previous 

symlioi 

used 

1 Perf'cntage i 
i 'recombi-^ 

1 nation i 

Authority* 


(Wered vs. naked caryopsis (Abn hi relati<)n t(): 

Late' vs. early ^ ' : .... - - ■ 

Tall .vs. short ' ...■ - 

Ea4 i'a4 
; Hh 


1 ikirrelatcfl 

1 ■ 11 ■ • i 

12 

20 


■ La.x vs, ''dense spike - . 

1 LI 

■ , 

1 b.4 1 

24 


Nornuil vs. long chromosonK*- _ - 

j : Lc ie 

... 

Linked i 

: . t ■ 


Long vs, short awn 

\ Lk (k 

, — 

i . .. 8.8 , ' 1 

' :. 24 ' 


Long vs. short stvk* braiudies. .. . . .... 



■ , 1 

' ■■ 28 


Large vs. small numi>er of vascular bundk*,s 

i ' Vb Ph , ; 


C.'orrelatefi | 

11 

I' ::: ' 

Lax VvS. dense spike (L 1) in rekitiou t-o: 

Long vs. short awn 

\ AJclk 


18.-t 1 

■ 24 

# ■ ■ 

;|f ■ ■ ■ 

Long vs. short awn - - - - 

\ Lklk 

1 ' . . ,.l 

j . ■ 

. 25 , j 

4 

, 28 


* Literature Cited. 

t McLeuiian, H. A, Cytogenetic studies of a strain of barley with long chromosomes. At. Sc. thesis, Univ. of Mimiosota. 1947. 

Table 9.’~rLinkage and associations of factor pairs not reported in linkage group VII in previous summaries (15, 16). 


CharM(‘ter 


Ileaistanee vs. suscetrtibility to stern rust {Ti) in relation to: 

Resistance vs. susceptibility to loose smut , 

Normal green va. chiorina seedlings (A,,/,-) in Colsess V in nLatioii to: 
Norinai vs. waxy endosptu’in 


Recom- 

Pnwdous 

Porctaitage 


mended 

symbol 

recombi- 

Authorit>’ 

symbol 

'■ used. 

; nation 

i : 

Un nil 

■'"1 

j ' Close ' 

1 "■■■; 

1 18 

IP.r : 

- ' ", 

: , ,1.5 

1 ...y 


* Literature Cited. 

t Webster, 0. J. Genetics and morphology of rachis internode length in barley. Ph. I), thesis, Univ. of Minnesota, 1950. 

Table 10. — Miscellaneous linked factor pairs. 


Character 


Spring vs. winter habit, light sensitive (Shn nhs) in relation to: 

Hairy vs. nonhairy leaf sheath 

Long vs. short awn \LkJf Ik 4) in relation to: 


Re(‘orn- 

mended 

symbol 

Previous 

symbol 

used 

Percentages 

recombi- 

nation 

Authority 

ShH i<hs 

Hs /es 

L.V Ls 

6.4 

22, 25 

Li 


19.3 

13 


* Literature cited. 


Linkage Group VI 


The factor pairs located in linkage group VI are pre- 
sented below: 


The following factor pairs are located in linkage group 
VI: normal vs. uzUf Uz uz (21); normal vs. white seed- 
lings in Colsess I, (15) ; normal vs. xantha seedlings 
in Colsess IV, X, x,. (15); lax vs. dense spike, L, //’; 

■"^WeRster, O. J. Genetics and morphology of rachis internode 
length in barley. Ph.D. thesis, Univ. of Minn. 1950. 
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m tk4 
Lh uz 

H 
LI 
HI hi 
Lk4 lk4 
Li li 
3//k ml^ 
Un4 un4 
Lhio im5 
Un '‘im 
Uz nz 


ROBERTSON ET AL.: LINKAGE STUDIES IN BARLEY, 1947--53 
fahle l i. -Factor pairs showing independent inheritance as reported by workers on barley genetics from 1946 to 1953, 


Linkage groups 


Non-six-row vs. six-i*owtHi (L?/) independent of: 

Normal vs. brittle raehis 

Normal vs. fragile stein ... ^ ... _ „ . „ _ 

Susceptibility vs. resistance to H0/an//t//oxpormm satnarm 

Lax vs. dense spike _ .. ... 

Long vs. short awn ... _ . : - . _ „ .. „ ’ 

Long vs. short a win . - . . ^ .. . - .. . . ... „ _ 

.Resistance vs.^suseeptibility to mildew 

Normal vs. third outer glume 

Normal vs. ..... 

Resistance vs. su,seeptil:)ilit3' to Vstilago 

Normal vs. liguleless (L/ //) independent of: 

Normal vs. "'iizn'\ „ ... .. ' _ _ ... 

Normal vs. reduced lateral awns (Lr lr) imiependent of: 

Long vs. sliort awns. _ . : „ 

Long vs. slmrt a.\\ms ■ 

liax vs. dense spike 

Black vs. white kmuna and pericarp (Bb) independent of: 

Normal vs. fragile stem- - 

Susceptibility vs. resistance to //, mtiriim 

Lax vs. dense spike - ... .. ... - - _ _ ... . - ... .. 

Ivax vs. dense s|.)ik<,‘.. ■ :: - ... 

Normal vs. iiguleless,. ' : 

liong vs. siio rt. awn - ... ... „ .. _ 

]'A)iig vs. short a.wn - : 

Resistance vs. susceptibility to mildew- 

Resistan(*e vs. sust'eptibility l \ timid- 

ResivStance vs. .sus{a‘ptil)ilitv t(i V. nuda^ 

Resistance vs. susceptibility to V. nmhi .... 

.Normal vs. "'nzii". - ■ 

Covered vs. nak(‘d lairyopsis ( Ntt) iude])endeiit of: 

Normal vs. brittle raidiis 

Normal vs.^ fragile .stmn _ _ . . . 

Susceptibility vs. re.sistance to H. fmiinuti 

Lax vs. dense syuke.. .. - - - 

Norrnal vs. liguleless- - 

Long vs. short awn 

Resistance vs. susceptil aiity to mikiew 

Normal vs. third ouba* giumi‘_ . 

Re,sistance vs, su.scc])tibility to U. nmhi 

Normal vs. "'nzu" ^ ^ - 

Long vs. short awn (Ijk Ik) iiuleiiendcnt of: 

Noiinal V.S. fragik* stem... ... 

Normal vs. liguleless . - 

Norma.} vs. “a,?// “ ........ 

Lax vs. dense spiki^ iL /) indt;j)endent of: 

Normal vs. fragik^ stem 

Normal vs. ligiilek‘ss - 

Normal vs. "'uziL 

Hooded VvS. awned i Kk) imk‘pendent of: 

Susee])tibility vs. resistam^e to IL mtirum 

Lax vs. dense spike 

Long vs. short awn - 

Resistance vs. susceptibility to U. tiudo _ 

Normal vs. unbranchefl stigma 

Long ys. short awn iLkn Ikd) indeiiendent of: 

Long vs. short awn- - ; - - - - 

Blue vs, nonblue aleurone (B/ hi) indejjendent of: 

Normal vs. brittle raehis . 

Normal vs, fragile stem - - 

Normal vs. liguleless-- . .. -- 

Normal vs. reduced lateral awns 

Long VvS. short awns - - - ■ - - — 

Normal vs. - -- - 

Rough vs. smooth awn f/fr) independent of: 

Lax vs. dense spike - - 

Lax vs. dense spike — 

Susceptibility vs. resistance to E, miiimni - - 

Long vs. short awn - ^ 

Normal vs. liguleless - - - - 

Resistance vs. susceptibility to mildew 

Resistance vs. susceptibility to U, nuda 

Resistance vs. susceptibility to U. nnda^ , 

Resistance vs. susceptibility to IJ, nuda 

N ormal vs, — 


Recommended 

symbol 

Previous 
symbol used 

Authority 

BiU 


■ 27 

Fsfs 

- 

24 

HI hi 

. — — . — 

1 

LI 


13 

Lk4im 

, — 

13 

Lkolko 

■ ... 

13 

Mli, mlfr 

Dll e |> ml e i> 

2 

Trd ird 


"24 

Uz uz 

. — 

21 

UnS miS 

■ ; ■ 

17 

Uz U S 

— — 

21 

LH IM 

— - ■ 

13 . 

Lk5 Iko 


13 

L 1 


13 

Fufs 


24 

HI hi 


1 

L 1 



t 

LI 


13 

LiU 

Alai 

■24 : 

Lk4 IH 

— - 

13 

Lk5lk5 


13 

Dr’ll jr ittl ^ 


2 "■ 

UnS unS 


17 

Un4 u-H 


17 

■ ■ Uno mio 


17"^ 

Vziiz-: 


,•21 

Btht 

- 

, : 27 . ■- 


, . — — 

24' . 

Hi hi 


■ . 1' ..^■ 

LI 

.. . ... 

-, ■ t ■' 

Uli w 

Alai 

■■-24 

LkS Ikd 

, 

13 


■D1 1 p nil (• p 

2 

Trd ird 

. -■ ■ - , 

24 

UnS vnS 

;. , . ■ — 

17 ' 

■Uz m ■ 

!, 

■2L ■ 

FhJs 


24 

Li H 

Al al 

24 

Uznz- 

— 

21 

P'li ffi 

...... 

24 

Li li 

Alai i 

. 24' - 



; - ; '■ 21 

HI hi \ 


■ LL ,1 ■ 

LI ■ 1 


■ ■ f 

LkJi iH 


13 

UnS unS 

■ ■■' ■ - ■ 

17 

U4 u4 


23 

114 / /-i 


13 

Bthi 

■ 

27 

Fh/h 

■ — — , 

24 

Li li 

Al al 

21 


Al al 

d^Il l a p 



Table 11.’ — Factor pairs showing independent inheritance as reported by workers on barley genetics from 1946 to 1953 — continued. 


Linkage groups 

RtH'ommendcd 

syml)ol 

Prt‘viuus 
s> mbol us<h1 

Authority* 

Long vs. shoiT-luiired rachilUi (Ss‘) iudependeiit of: 

HI Id 



Suseeptibilitv vs. resistance to li. sat-ivmn...- . . ^ 


1 

Normal vs. liguleless , . - 

Li li 

Al id 

24 

Normal vs. thii’d outer glume - - - - 

Trd ini 


24 

Normal vs. unbranched stigma - - - 

U4 »4 



28 

Resistance vs. suseeptibilitv to U. nuda^ ~ ~ ^ - 

1 hi. iin 


17 

Resistance vs. suseeptibilitv to f/. nuda^ - - 

Un4 ii^i4 


17 

Long vs. short-haired rachiila independent of: 

Un5 und 



Resistance vs. suseeptibilitv to U, rmda.. ^ - „ _ - _ - 

— 

17 

Normal vs. .i 

Uz uz 


21 

Noimial vs. fragile stem (Fs /s) indepenclent of: 1 




Normal vs. “as?/’’ - 

Ih uz 

■ — 

21 

Normal vs, ?/<?) independent of: 



Normal vs, unbranched stigma - . . 

14 if 4 


28 

Normal vs. xantha seedlings { X e independent of; 

. 

HI hi \ 



Susceptibility vs. resistance to IL saiivum-. 


1 

Long vs. short awm,-. .... 

Lk4 lk4 \ 

- ; 

18 

Nwiiuil vs. white seedlings (A. „ a,/) independent of; 




Normal vs. ligulel<3SS-,.„ 

Li li 

Alai 

24 

Nornial vs. white seedlings (A ,, On) indepeiident of: 

\ 



Normal vs. third outer jdiime 

Trd trd 

- 

24 

Gr(H>u vs. cdilorina (F,,/c) independent of: 

1 i 



■ Lax vs. dense- .. „ 

' LI . j 


; t 

' Normal vs. _ . . 

1 Vs us 1 


1 ^ ' 

Normal vs. brachytic (iF* ?)r) indei)endent of: 

■' Normal vs. fragile stem.. ' - 

: FWV ■ ■ 1 


24 . ' 

■ .Normal ys. liguleless:... . - - . . . 

1 Lili :■ i 

A/ id 

■ 24 

Green vs. virescent seedlings ( y ) independ(.‘nt (4: 




Normal vs. I- ‘?./r?d . 

I Vs- us - 


21 , 

Resistance vs. susceptil )ility to stem rust (77) ind(‘pendent of: 




Busceptibility vs. resistance to H. sdtivum 

HI hi 


1 

Noriiml vs. short awns on tlm glumes (Fa c * 2 ) independent of: 

\ 



Susceptibility vs. resistance to H, saUvmrw 

IH hi 

. '';■■' ■ 

1 


* Literature Cited. 

t Ostler, R. D. Inheritance of rach is length in crosses of accordian rachis. Colo. A, I^L CoL.M. Sc. Thesis, HH9. 



normal vs. white seedlings in Nigri nudum I, a„ ( 1 5 ) ; 
and normal vs. xantha seedlings in Smyrna I, .v^. (15). 

The crossover percentages and associations of factor 
pairs not reported in linkage group VI in previous .sum- 
maries (15, I6) are given in table 7. 

Linkage CjKoups III and VII 

In recent studies on interchanges^ Kramer and co-workers 
(10) have indicated that groups III and VII may be on 
the same chromosome. The relationships of the geties, 
however, are not definitely determined in relation to each 
other. The linkage groups of both chromosomes are given 
below under the old designations. 


Group III 


Group VII 


wx 


The symbols of group III represent the following factor 
pairs: covered vs. naked caryopsis, Nn (15); blue vs. non- 
blue aleurone (second factor pair), Bl2 hl2 (16); red 
stem vs. green stem, Rs rs (16); and normal vs.’ white 
seedlings in Coast 11, (15). The following factor 

pairs have been located in linkage group VII: resistance vs. 
susceptibility to Puedma graminh tntki^ Tt (15); normal 
vs. brachytic, Br hr (15); normal vs. chlorina seedlings in 


Colsess V, Fy /^. (16); normal vs. waxy endosperm, IFv wx 
(20); and normal vs. virescent seedlings in Coast III, 
(15). . ; 

The crossaver percentages and associations of factor 
pairs not reported in linkage group 111 in previous .sum- 
maries (15, 16) are given in table B. 

The crossover percentages and associations of factor 
pairs not reported in linkTige group VII in previous simv 
maries (15, 16) are given in table 

Several factor pairs have been found to be linked with 
each other but not with genes already located in the dif- 
ferent linkage groups. Table 10 presents the miscellaneous 
factor pairs not located in any dehnite group, 

Arny (1) found a possible association of Helm/ntho- 
xponuw sailvnm susceptibility with H. gYmmi^um resist- 
ance. 

The character pairs which showed independent inherit- 
ance in various groups studied are listed in table 11. 

LITERATURE CITED 

1. Arny, D. C. Inheritance of resistance to sptvt hh»tch in barley 

seedlings. Phytopath. 41:691-698. 1951. 

2. Frkislkbkk, R., and Metzger, L Genetlsche Studien zur 

Gersteniiuchtung. 1. Vererbung und KoppeUing der Mehl- 
tauresistenz und der Spindelgl iedzahl. Ztsch. Pllanzenz. 24: 
f507]-522. 1942, (Genetical studies on barley breeding. 
L Inheritance and linkage of mildew resistance and the num- 
ber of rachis segments. Plant Breed. Abst. 1412, 15:348-349. 
1945) 

3. Hagberg, a., Nybom, N. and Glistafsson, A. Allelism of 

erectoides mutations in barley. HereditasfAbst.) 38:510-512, 






SIMPSON, ET AL.: EFFECT OF FIBER IRREGULARITY ON SPINNING PERFORMANCE 


Hanson, W. D. An interpretution of the observed amount of 
recombination in interchange heterozygotes of barley. Genet- 
ics 37:90-100. :I932. 

: — and Kramer, H. H. Tlie genetic analyses of 

two chromosome interchanges in barley from F. data. Genet- 
ics 34:687--700. 19-49. 

Hehn, E. R. The inheritance of agronomic characters in bar- 
ley. Iowa State Col. Jour, Sci. 23:39"40. 1948. 

Honecker, L. Breeding for resistance to mildew and rust in 
barley. Experience and results of 40 years of breeding. 
Ztschr, Pflanz.enz.. 23:209-234. 1943. (Plant Breed, Abst. 
13, No. 226. 1943.) 

Karpechenko, G. D., and Ivanova, K. V, Linkage of genes 
/ and G in barley. Leningrad Akad. Nauk, Lab. Oriia 
Genetiki Bui. Lab. Genet. No. 9, pp. 97-108. (English 
Summary p, 108) 1932. 

Konzak, C. F. The third outer glume character in barley. 
Jour. Hered. 44:103-104. 1933. 

Kramer, H. H„ Veyl, R., and Hanson, W. D. The asso- 
ciation of two genetic linkage groups in barley with one 
chromosome. Genetics 39: 159-168. 1934, 

KiJAfP, Ai. Inheritance of the \^a.scular bundles in the stem 
of the hulled resp. naked two rowed winter barley. Poijop- 
riviedna Znanstvena Smotra 12:117-139. (English summary 
138-139.) 1930. (Inheritance of vascular bundles in the 
stems of hulled and naked two-rowed winter barley (H. 
distkhum less.) and its resistance to lodging. Plant Breed. 
Abst. 396, 22(1) :78-79. 1932.) 

— xfye inheritance of period of vegetation in the 

cross of winter naked barley with winter hulled barley. 
Poljoprivredna Znanstvena Smotra 13:141-134. (English 
summary, p. 133.) 1932. (The inheritance of grow’th periods 
in hybrids between naked and hulled winter barleys. Plant 
Breed. Abst. 2681, 23(4) :377. 1953.) 

Litzenberger, S. C., and Green, J. M. Inheritance of awns 
in barley. Agron. Jour. 43:117-123. 1931. 

Mohajir, Abdur-Rasheed, Arny, D, C., and Shands, H. L, 
Studies on the inheritance of loose smut resistance in spring 
barleys. Phytopath. 42:367-373. 1952. 

Robertson, D. W., Wiebe, G. A., and Immer, F. R. A sum- 
mary of linkage studies in barley. Jour. Araer. Soe. Agron. 
33:47-64. 1941, 

„ — _______ _ — ^ -ind Shands, R, G. A sum- 
mary of linkage studies in barley: Supplement I, 1940-46. 
Jour. Amer. Soc. Agron. 39:464-473. 1947. 


ScPiALLER, C, W. Inheritance of resistance to loose smut, 
LhtHago nuda, in barley. Phytopath. 39:959-979* 1949, 

Shands, R. G. An apparent linkage of resistance to loose smut 
and stem rust in barley. Jour. Amer. Soc. Agron. 38:690- 
692. 1946. 

Skoropad, W. P., and Johnson, L. P. V. Inheritance of re- 
sistance to Vstilago nuda in barley. Canad. Jour. Bot, 30: 
525-536. 1952. 

Smith, L. Cytology and genetics of barley. Bot. Rev, 17:1-51, 
133-202, 285-355. 1951. 

Takahashi, R., and Yamamoto, J. Studies on the classifica- 
tion and the geographical distribution of the Japanese barley 
varieties. III. On the linkage relation and the origin of the 
"uzu” or semi-brachytic character in barley. Ohara Inst. f. 
Landw. Forsch. Ber, 9:399-410, 1951. 

, and . Physiology and genetics of 

ear emergency in barley and w-heat. I. Nogaku-Kenkyu. 
40:13-24. 1951. (In Japanese.) [English summary furnished 
by senior author.} 

— — , Yamamoto, J., and Yasuda, S. Inheritance of 

semi-sterility due to defects of stigmatic structure in barley. 
Nogaku-Kenkyu. 41:69-79. [Japanese with English sum- 
mary.} 1953 . 

, ^ Yasuda, S., and Itano, Y. 

Inheritance and linkage studies in barley. Ohara Inst, f, 
Landw^ Forsch, Ber. 10(1) :[29}-52. 1953. [In English.} 

, Yasuda, S., Yamamoto, J., and Shiojiri, L 

Physiology and genetics of ear emergency in barley and 
wheat. II. Genic analysis of growth-habit in two spring 
barleys. Nogaku-Kenkyu. 40:157-168. 1933. (In Japanese.) 
[English summary furnished by senior author.} 

Tavgar, a. Nasljedivanje smede-zute boje pljevica kod jecma, 
(Mode of inheritance of brownish-yellow glume colour in 
barley.) Archiv. Minist. Poljopr, 3(4) :30-35. 1936. [Yugo- 
slavia, German summary p, 35.1 (Plant Breed. Abst. 138, 
11:37. 1941.) 

Tavgar, A. Beitrag zur Vererbung der Spindelbruchigkeit bei 
einigen Nacktgersten. Ztschr. f, Pflanzenz. 24:333-338. 

' 1941. ■■ ; 

Woodward, R. W. The I, i in Hordeum defickns geno- 
types of barley. Jour. Amer. Soc. Agron. 39:474-482. 1947. 

— — — . The inheritance of fertility in the lateral florets 

of four barley groups. Agron. Jour. 41:317-322. 1949. 

— . and Thteret, J. W. A genetic study of com- 

pleraeiitary genes for purple lemma, palea, and pericarp in 
barley (Hordeum rulgare L.) Agron. |our. 43:182-183. 

, 1953 ..' 


Effect of Fiber Irregularity on Spinning Performance' 


D. M. Simpson, C. B. Landstreet, and E. N. Duncan*^ 


T he term ‘Yiniforni ’ as applied to a cotton variety by a 
breeder implies that all plants conform closely to a 
fixed standard in all measurable characteristics and that the 
genetic composition of the variety has been stabilized. The 
importance of uniformity has been stressed in cotton breed- 
ing programs, and line breeding has had as a main objec- 
tive the selection of strains that are homozygous for plant 
and fiber characters. 


Recent investigations ■ in breeding methodology have in- 
dicated that inbreeding may result in greater uniformity, 


^ Contributioa from Field Crops Research Branch, A.R.S., 
U.S.D.A., and the Tennessee Agr. Exp. Sta., Knoxville, Tenn., 
cooperating. Received April 13, 1955. 

^Agronomist, Technologist, and Biological Science Aid, respec- 
tively. 




but such increase in uniformity may be associated with loss 
in vigor and lower yields. On the other hand, hybridization 
of good combining lines has resulted in increased vigor 
and larger yields in the early generations of such hybrids. 
It is to be expected that the product from segregating gen- 
erations of hybrids will be less uniform than that from line 
bred varieties. Thus, emphasis upon uniformity may deter 
breeders from using methods that otherwise would seem 
advantageous. More information is needed on the spinning 
performance of cottons that differ in uniformity of fiber 
properties so that the allowable limits of variation in these 
properties may be more accurately defined. 

Cotton samples are never uniform in the sense that all 
fibers are of equal length, strength, or fineness even on the 
same plant or on an individual seed. In current methods 
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: of measuring fiber properties, a composite mass of fibers is 

normally employed and the measurements are reported as 
I' means or modal values. The mixing of seed of different 

i varieties, changing environmental conditions during the 

■! period of growth, or damage to the fibers in ginning may 

ji change the mean or mode, but the major portion of fiber 

irregularity is accounted for by the differences on individual 
i' seeds. 

: REVIEW OF LITERATURE 

Cook (2) described the inequalities in length of cotton fibers 
on a single seed and designated the shorter fibers as ‘'siibstaple.” 
y Porter (7) studied differences in length of fibers from seeds at 

different positions on a single plant and found that mean lengths 
of fiber varied appreciably in different bolls, within locks, and 
even in the fiber combed to either side of the raphe on a single 
seed. Richmond and Fulton (8) studied fiber length in a commer- 
cial strain of Pima cotton and concluded that the individual seed 
contributed 98% of the variation measured. Their studies indi- 
cated that fiber from individual plants with wide differences in 
mean length, when : composited, , gave a fiber array little different 
from that of a uniform variety. 

- O'Keliy (6) studied the spinning quality of lint mixtures ob~ 

taitied from plots planted with seeci of two varieties mechanically 
mixed before planting. He concluded that, . . the spinning efii- 
I ciency of a variety was affected very little by the addition of a 

small percentage of lint of a variety with widely different fiber 
( properties and still less or none when the fiber of the two vari- 

eties did not differ much.'* O’Keliy further stated that, “Seasonal 
f variations, particularly in rainfall, can produce greater differences 

: in spinning quality than will ordinarily be found between two 

varieties well adapted to and widely grown in a community,” 

I In the processing field, Dunkerley (3, 4) conducted extensive 

f research on fiber blending with Egyptian cottons and concluded 

ii that: "Cottons contribute their undiminished quota to the yarn 

p strength of mixings proportional to the quantities present, how- 

ever many components there may be to the mixing and whatever 
the proportions mixed.” He found this rule to hold . . W'hether 
the staples mixed are long or short, fine or coarse, high grade 
' or low grade, sti'ong or weak.” This finding, if given agronomic 


implication, can be of major importance to cotton breeders by 
placing uniformity of fiber properties in proper perspective. 

MATERIALS AND, METHODS; u: 

The present study was designed to compare the spinning per- 
formance of cotton from the growth of an individual (so-called 
uniform) variety with that of lint mixtures prepared by blending 
fiber from two varieties differing widely in one or more of the 
physical properties considered important in spinning; namely, 
length, strength, and fineness. 

Fiber from varieties (natural growth) was used in each of 
the 2 years of study. Spinning tests were made on fiber from each 
of the varieties separately and on :i,: l lint mixtures of all possible 
combinations of the 6 varieties. Thus, the spinning tests for each 
year comprised 6 straight varieties and 15 varietal blends. The I:l 
blends were prepared by thoroughly mixing the seed cotton and 
then ginning on a saw gin. The ratio of 1:1 in weight of lint 
was maintained in each blend by ad] listing the amount of seed 
cotton included from each variety^ on the basis of its lint percentage. 

The original spinning tests of all lots were made by the labo- 
ratory of the Cotton Division, A.M.S., College Station, Tex., on 
5-pDund samples. Remnant samples from the test lots were re- 
checked for spinning performance at the laboratory of the Section 
of Cotton and Other Fiber Crops, A.R.S., Knox vi lie, Tenn., on 
1-poimd samples. Small scale spinning tests ace generally accepted 
as a satisfactory index of yam .strength, waste, neppiness, and 
yarn appearance but the term ’’spinning performance" should be 
construed within the limitations of the tests, 

. , RESULTS ■ 

Fiber properties and spinning performance of .straight 
v^arieties and varietal blends from the crop of 1950 are 
given in table 1. The six straight varieties used in 1950 
represent a wide range of liber properties: length, 0.94 to 
1,42 inches; fineness, 393 to 549 mm.Vmm.'g and strength, 
1.36 to 2.24 g, per grex as measured on the Steiometer at 
14 itich gauge and designated as The range in these 
property values is well beyond any that normally would be 


Table 1. —Fiber properties and manufacturing performance of six varieties and fifteen 1:1. varietal mixtures 

of cotton fiber. Crop of 1950. 





Fiber p.roperties 


Manufacturing performance 

Variety or Mixture 

Length 

PinenesB 
arealom- 
eter ( A? 

strength 

(T.) 

Yarn 

.strength 

Waste 
picker 
and card 

Neps 
per 100 
■ sq. in. ' 

Yarn ap- 
pearance 
index 


UJTM. 

Mean 

Sealand.. . ... - 

■ '1,42 

■ 1,12':.' ■ 

549 

■ ■ 2 ''24 ■ '■ 

;■ 'IIS' 

8.95 

90 

.'■■ :73 

Coker 100 Staple... - 

1.19 

1.01 

531 

1.83 

■ M24'; ■ 

■ .7.37-. 

.' ' 38 

93 

Hopi Acala - - 

1.09 

.93 

399 

2.00 

11 '5' . 

10.12 

. ■ 27 

too 

■Hibred,:.- ™ l 

.94 

.80 

402 

T.52 '. 

94 

S.'fiS 

14 

107 

Mebane 

1.03 

.87 

■452-' 

1.36 

85 ■■ 

9.39 

24 

100 

Rowden- _ . 

1.06 

.92 

" ;■; m 

1.49 

92 

. 7.97 : ■. 

' ■ 17 ' ■' 

103 

Sealand and Coker 100 Staple 

1.29 

1.05 . 

■533-; ■■ 

T.90 

131 

: ■■ ^■8.29 ' 

70 

; ■ 83 . ■ 

Seaiand and Hopi Acala - - 

1.28 

1.03 

472 

1.87 V 

128 


■ 38 

93 

Sealand and Hibred . 

1,21 

,91 

479 

1.91 

121 

8.65 

. '38 : ; 

93 

Sealand and Mebane 

1.28 

1.00 

501 

1.96 

no 

8.86 

48 

90 

Sealand and Rowden 

, ';1,27-,. ■; 

1.03 

460 

1 1.90 

m 

7.56 

', 34 

93 

Coker 100 Staple and Hopi Acala . 

/'■■ „l„i8'-' ■ 

1.01 

■■ 453:::'":,i 

'1.67 '■ 

11.5 

S,m 

27 

100 

Coker 100 Staple and Hibred. _ 

1.09 

.91 

•'■■■■. '':-A73::-^v! 

1.66 

108 

9.07 

24 

97 

Coker 100 Staple and Mebane 

1.10 

,89 

464 

1.57 

102 ' 

8.09 

27 

97 

Coker 100 Staple and Rowden 

'1.12'^ 

.96 

457 

1.85 

111 

7.65;' 

21 ;;;■ 

100 

Hopi Acala and Hibred, ' 

1.00 

.80 

409 

1.86 

101 

8.95 

11 

1 113 

Hopi Acala and Mebane : 

1.05 

.89 

428 

1.62 

93 



i 103 

Hopi Acala and Rowden 

. 1.08 

.91 

399 

1.56 

98 

8.58 


1 107 

Hibred and Mebane 

.96 

.81 

420 

1,38 

90 ' 

8,98 

17 

1 103 

Hibred and Rowden 

,95 

.80 

391 

1,49 

92 

8.01 

12 


Mebane and Rowden 1 

1.04 

.90 

422 

1.37 

89 1 

^ ■■"' ■':■" : i 



100 
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Table 2 .—Fiber properties and manufacturing performance of six straight ^'urieties of cotton and blends thereof, expressed as a 
percentage (gain or loss) of the blend over the mean of the component varieties. Crop of 1950» 



Deviation of blends from mean of component varieties 

Property or manufacturing performance 

Sealand 

blends 

Coker 100 
Staple 
blends 

Hopi 

Acala 

blends 

Hibred 

blends 

Mebane 

blends 

Rowden 

blends 

All 

blends 

average 


% 

% 

% 

% 

% 

% 

% 

Upper half mean ; _ ^ . 

' ' '2.4 

0.9 

0.9 

-1.0 

0.0 

-0.9 

0.4 

Mean - - : ' 

-2.0 

-1,0 

-1.0 

-4.5 

-2.2 ■ 

-2,1 

-2.1 

Fineness.,,, - 

-0.6 

-1.9 

0.0 

0.0 

-1.5 

-0.9 

-0.8 

Fiber strength . . . . . - _ - : _ „ 


— 5.1 

-7.0 

-fO.6 

-0.6 

H~3.2 

— 1,5 

Yarn strength,. _ . 

-3.2 

-2,6 

-4.5 ■ 

-1.9 

-3.0 

-1.9 

-2.9 

Waste. - 

-5.9 

1.5 

-6.6 

0.5 

-2.9 

-4.0 

-2.9 

Neps : - - - 

-19.3 

-5,6 

-34.4 

— 25.9 

-12.9 

-28.6 

-21.1 

Yarn appearance 

3.4 

0.0 

5.1 

2.0 

1,0 

3.0 

2.4 


combined in Bianufactiiring blends or that ordinaril}^ would 
be found in a mongrelixed agronomic variety. In manufac- 
turing performance, the straight varieties ranged from 85 
to 148 in strength of 22s yarn, from 7.37 to 10.12 in per- 
cent waste, from 14 to 90 in neps per 100 square inches 
of card web, and from 107 to 73 in yarn appearance index. 
Among the straight varieties, Seal and had an extremely 
high arealometer value and the yarn had an exceptionally 
high nep count. This neppy condition of Sealand was re- 
flected in blends wn'di this variety. Hopi Acala was obtained 
from a lot of mechanically harvested cotton and contained 
considerable foreign matter. This sample was classed as 
strict low middling and was the only straight variety 
sample classed iow^er than middling grade. Picker and card 
waste was high on the Hopi Acala sample. 

One way of evaluating the manufacturing performance 
of blends is to compare actual performance wnth that 
expected from the calculated mean of the component vari- 
eties. For convenience in making this comparison, the dif- 
ferences have been calculated between the values for the 
blends and the means of the values for the component 
varieties. The data for the 1950 crop are presented in table 
2. The deviations for each property are expressed in per- 
centage gain or loss for the blend over the component 
. varieties. 

The spinning laboratory spun ail samples under code 
numbers without knowledge of the identity of the indi- 
vidual lots. Their reports stated that the manufacturing 
performance of all samples (straight varieties and blends) 
was good, indicating no difficulty in processing any of the 
samples. The processing data, however, indicate some con- 
sistent trends that may or may not be significant. In all 
cases, (table 2) strength of 22s yarns of the blends was 
slightly less than the mean of the component varieties, 
averaging 2.9% lower. Four of the six blends were less 
wascy than the mean of the component varieties, all blends 
averaging 2.9% less waste. The blends had fewer neps, 
averaging 21.1% less than would be expected from the 
calculated means of the component varieties. The lower 
nep count is also reflected in the better than expected yarn 
appearance index of the blends. 

The fiber properties from the varietal blends indicate 
that a 1:1 fiber mixture approximates the arithmetic aver- 
age of the 2 component varieties very closely on all meas- 
ured properties, with deviations averaging about 1%. 
There are no consistent trends in the fiber data to indicate 




straight varieties 
O- blends 


grams /grex 


FIBER STRENOTH (T,) 

Ficc T— Relation of yam Strength to fiber strength (Ti). 


that the blends behave differently from straight varieties 
Of that the minor differences obtained in the measurements 
are other than samplmg or instrument errors. 

This study of the spinning performance of fiber from 
straight varieties and from varietal blends was repeated 
with cottons from the crop of 1951. The 6 straight vari- 
eties used in 1951 represented a range of fiber properties 
comparable to those from the 1950 crop. All straight vari- 
eties were classed as middling or above in grade except 
Stormproof. This variety w'as mechanically harvested and 
was classed as strict low middling. 

Fiber properties and spinning performance of samples 
from the 1951 crop are given in table 3 and a comparison 
of fiber properties and manufacturing performance of the 
straight varieties and blends is given in table 4. As in 1950, 
the fiber properties and spinning performance of the vari- 
etal blends approximate very closely the arithmetic average 
of the component varieties. The average difference between 
the values for the blends and the means of the values for 
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Table 3.-^Ri her properties and manufacturing performance of six varieties and fifteen 1:1 varietal mixtures 

of cotton fiber. Crop of 1951. 


Variety or Mixture 

Fiber properties 

Manufacturing performance 

Length 

Fineness 
arealom- 
eter (A) 

strength 
(T ,) 

Yarn 
strength 
22s ■ 

Waste 
picker 
and card 

Neps 
per 100 
.sq. in. 

Yarn 

appearance 

index 

U.H.M. 

Mean 

Sealand 

1.34 

.99 

504 

2.44 

153 

6.62 

19 

103 

Acala 4-42 

1.19 

.99 

416 

2.23 

131 

5.05 

3 

113 

Hopi Acala 

1.13 

.98 

419 

2.32 

152 

6.42 

4 

117 

Stormpr 0 of _ 

1,03 

.82 

464 

1 . 57 

102 

13.00 

4 

103 

Mebane- „ _ _ _ _ .. . _ .c „ 

1.04 

.91 

405 

1 . 55 

91 

6.28 

4 

120 

Rowden-- - - „ _ „ _ , „ U,. _ „ 

1,06 

.89 

349 

1.98 

110 

7.89 

' 

1 

117 

Sealand and Acala 4-42 

1.23 

.99 

441 

2.08 

142 

6.59 

15 

100 

Sealand and Hopi Acala 

1.24 

1,01 

456 

■ 2.24 

149 

6.14 

15 

103 

Sealand and Stormproof 

1.21 

.97 

473 

2.12 

12S 

9.17 

8 

107 

Sealand and Mebane .. 

1.16 

.93 

444 

2.09 

119 

6.55 

14 

100 

Sealand and Rowden 

1.16 

.94 

409 

2.17 

130 

6.38 

10 

103 

Acala 4-42 and Hopi Acala.. „ 

1.17 

1.00 

419 

2.12 

141 

6.45 i 

■ 4 i 

113 

Acala 4-42 and Stormproof- - .. . - 

1.11 

.90 

429 

1 .84 

115 

9,66 1 

10 

103 

Acala 4-42 and Mebane.. _ . . .. 

1,09 

.91 

407 

1.74 

106 

5.91 1 

6 

113 

Acala 4-42 and Rowden 

1.12 

.93 

386 

1.99 

122 ' 

6.87 1 

3 

113 

Hop! Acala and Stormproof... .. . 

1.12 

.92 

435 

2.01 

126 

8,73 

' 6 

103 

Hopi Acala and Mebane 

1.09 

.91 

409 

1.93 

■ 115 

5.70 

5 

113 

Hopi Acala and Rowden _ ., , .. .. . 

1.11 

.97 

385 

2.13 

129 ! 

6.69 

3 

no 

Stormproof and Mebane . „ . .. . . _ _ _ 

1.00 

.80 

■ 423 ' 

1.52 

101 

8,92 

: 4 . 

no 

Stormproof and Rowden. . . . 

1.03 

.84 

409 

1.63 

' 96 ■ 

9.36 

5 

no 

Mebane and Rowden . . 

1.04 

V ■ , 88, ' , 

^ 382 

1.64 

97 

7.68, ■ 


113 


Table 4.— Fiber properties and manufacturing performance of six straight 'sarieties of cotton and blends thereof, expressed as a 
percentage (gain or loss) of the blend over the mean of the component varieties. Crop of 1951. 


Deviation of blends from mean of component varieties 


Property or manufacturing performance 

Sealand 

mixes 

Storm- 

proof 

mixes 

Hopi 

Acala 

mixes 

Acala 

mixes 

Mebane 

mixes 

Rowden 

mixes 

All 

mixes 

average 


% 

% 

% 

% , 

% 


% 

Upper half mean 

-0,9 

0.0 

1.8 

-1.7 

1.8 

.'--1.8, ■ 

-0.9 

Mean,.: .. . 

1.0 

0.0 

1.1 

-1.0 

■ —Ji.a - 

-1.1, . ^ 

-0.6 

Fineness- 

-0.7 

-1.8 

-0,7 

' -1.4- ..',1 

-1.2 ; ■ 

■ 0.5 

-l.l 

Fiber strength - 

!■ — 2.3::': 

-1.1 

-2. 3.'. i 

-T.L-' '.'.I 

. V--2, 7 

’ —4.5 ■ 

-3.3 

Yarn strength- 

-0,7 

, J 

■ ■ — 2.2 ■ : 

-1.6 .1 

■ ' -2.7- '"i 

. -2.5 

-1.9 

■Waste.^. .. .. L,. _ .. . 

j -2.9 •! 

. -5.8' ■' ! 

: '"-bn' 

8.4 ^ 

■ ."-1.3' ■ 

-3.6 

-1.7 

Neps.. f ... _ . .. 

'■ . 9..1: i 

40.0 

40.0 

60.0 

20.0 

25.0 

32.4 

Yarn appearance 

:-5.5, i 

■ '-l.S.'U 

-3.6 

-4.4 

■ -5.2, 

-3. 5.' 

-4.0 


the component varieties did not exceed 3.3% for any of 
the fiber properties measured. 

As in 1950, there was a consistent trend for the yarn 
strength of the blends to be slightly lower than the average 
of the component varieties, and the picker and card waste 
of the blends was slightly less. Among the 1951 samples, 
the blends had slightly more neps than the average of the 
component varieties, but in no case was the yarn appear- 
ance index lower than 100 for the blends. 

Residues of the raw cotton samples of the 1950 and 
1951 crops were rechecked for spinning performance and 
yarn strength at the Knoxville Spinning^ Laboratory. There 
was no tendency in either the 1950 or 1951 samples for 
the blends to show spinning characteristics different from 



those of straight varieties. There was a small difference in 
the level of yarn strength on the same samples spun at the 
two laboratories. This difference in level was consistent for 
both 1950 and 1951 samples. There is a very high correla- 
tion, however, between the yarn strength values at the two 
laboratories; r being 0.98 and 0.99 for the 1950 and 1951 
crops, respectively. 

The techniques of blending and a knowledge of the 
behavior of specific blends is important in textile manu- 
facturing, but fiber irregularities that occur as a result of 
genetic variability and growth conditions are not so readily 
controlled. Natural blends, as would result from genetic 
variability in the seed stocks of a variety, could properly be 
penalized only if their spinning performance was less satis- 
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factory than would normally be predicted from their fiber 
properties. 

Landstreet (3) states that fiber strength accounts for 
approximately SS% of yarn strength when yarns are spun 
at optimum twist. Brow^n (1) found a close correlation 
(r zz 0.91) between yarn strength and fiber strength 
measured at 4 mm. gauge length. In fact, 15 of the 105 
samples used by Brown in developing his data, were coded 
blends from the 1951 crop of this experiment. In figure 1, 
yarn strength has been plotted against fiber strength (T^ ) 
for the blmds and straight varieties of the 1950 and 1951 
crops. The yarn strength values are those obtained at the 
Knoxville Spinning Laboratory. The correlation coefficient 
for the combined data is 0.91. It is apparent from the 
graph that the yarn strengths of the blended samples and 
of the straight varieties are equally related to fiber strength. 

DISCUSSION 

On the basis of these results there would be no advan- 
tage to a farmer or ginner in deliberately mixing long fiber 
and short fiber cottons in the hope of obtaining a higher 
market price for the mixture. Rather, the mixture would 
have less market value than that of the two varieties if sold 
separately. For example, a 1 1/4 inch middling cotton might 
have a value of 1,200 points —on the basis price for 15/16 
inch middling. But if 1% inch and 15/16 inch cottons are 
blended in a 1:1 mixture, the blend would have a staple 
length of approximately 1-3/32 inches and would be worth 
about 315 points — on basis price; considerably less than 
the average of 600 points— on that might be obtained if 
the two cottons were sold sepiarately. 

In the textile mills, blending is a customary and neces- 
sary practice used as a means to stabilize the product of 
the mill from day to day and even from year to year. By 
careful selection of the bales incorporated in the blend, a 
balanced mix is maintained and a consistent product is 
produced. Emphasis in the mill is not upon fiber irregu- 
larities per se among the individual fibers but upon the 
consistent level of the properties of the mass of raw fibers 
being proces.sed through the mill. 

The data presented here indicate that mixtures of lint 
from varieties having widely different fiber properties have 
adequate uniformity in-so- far as spinning performance and 
yarn strength are concemed. As .showm in tables 1 and 3, 
the blends spin no differently than straight varieties and at 
levels of yarn strength that would be expected from their 
measured fiber properties. 

If fiber irregularity, such as has been introduced into the 
blended samples tested in this experiment, has no impor- 
tant effect on the final spinning pefformance of the com- 
posited mass of fibers, general recognition of this fact may 
relax present standards for uniformity in cotton varieties; 
standards that are now considered necessary. Line breeding 
or selfing may result in an approach to genetic uniformity, 
but also it may result in actual deterioration in variety value 
if continued beyond the minimum requirements for sta- 
bility (LO), Stephens (9) states, ’The successful variety 
is a population of plants w'hich retains sufficient genetic 
variability to ensure adaptability under different environ- 


mental and seasonal cohtlitions— a variable population 
whose mean performance ^ipproaches the breeder’s ideaL 

Many cotton breeders have limited the variability in 
their varieties to that maintained by carrying a few closely 
related strains in their breeding blocks and combining these 
strains for varietal release. If "adequate unifonBity” is 
obtained in blends such as have been described, it follows 
that considerable genetic variability may be allowable in 
cotton varieties so long as a desirable level in fiber prop- 
erties is maintained. The use of advanced generation 
hybrids or synthetic varieties for commercial cotton pro- 
duction wdll create no insurmountable problems in spinning. 

SUMMARY 

Spinning tests were made on cotton lint from individual 
varieties and on lint mixtures prepared by blending fiber 
in the ratio of 1 :1 by weight from varieties differing widely 
in one or more physical puoperties. Samples of fiber from 
the varietal blends approximated the arithmetic average of 
the two component varieties very closely in length, strength, 
and fineness, and in yarn strength. Within the scope of 
this experiment, there was no tendency for the blends to 
show spinning characteristics different from those of 
straight varieties. Correlation data indicate that the yarn 
strength of the blended samples and of the straight vari- 
eties are equally related to fiber strength. 

Apparently, fiber irregularities such as were introduced 
in this experiment by blending unlike varieties, had no 
important effect on spinning performance. Logically, fiber 
irregularities of a similar nature, that may be introduced by 
a breeder in hybrid or synthetic varieties, can have little 
effect on the value of the fiber except as such irregularities 
are reflected in the properties of the mass fiber. 
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Evaluation of Bulk Hybrid Tests for Predicting Performance of Pure 
Line Selections in Hard Red Winter WheatV 


Wayne L, Fowier and F. G, Heyne- 



H ybridization followed by selection of desirable 
segregates, is one of the important methods of small 
grain improvement* Efficiency in breeding seiTpollinated 
crops can be increased if the value of crosses or selections 
is determined during early generations. This paper reports 
the results of an experiment designed to determine the 
value of early generation bulk hybrid tests to predict the 
performance of pure line selections in hard red wdnter 
wheat. 

LITERATURE REVIEW 

Harian c/ £//. (5) carried 379 bulked barley crosses as iinseiecttd 
populations for 7 generations and found that a preselection yield 
classification of the crosses agreed with the relative yield of selec- 
tions made in the Fs generation. It was concluded that the low 
yielding group of crosses, constituted by the poorer types, could 
just as well have been discarded before selection. Atkins (T), 
however^ found that selection based on several plant characteristics 
contributing to yield Was not effective in isolating high yielding 
lines from bulkied barley crosses grown in Iowa. Immer (7) sug- 
gested that 'the average yield of bulk Fa and Fa generation barley 
crosses would be valuable for detecting the better crosses of a 
group. Grafius e/ rf/. (4) reported most of the variance in yield 
of bulked Fs barley progenies to be nonheritable. The more homo- 
zygous F» generation showed increased heritability of yield. 

Harrington (<5) found that bulk Fa, supplemented by Fn, genera- 
tion yield results accurately evaluated six wheat crosses when 
selected lines w^ere tested in Fo, Fy, and Fs generations. 

Atkins and Murphy (2) classified 10 oat crosses as high or 
low yielding on the basis of bulk Fa through Fh generation tests 
and found that as many high yielding F? segregates came from the 
crosses classified as low yielding as from the high yielding group. 
Test weight was found to be reiiably predicted in this study. 

Kalton (8) found maturity, plant height, and lodging to be 
relatively constant in the bulk Fa, Fa, and Fi generations of 25 
soybean crosses, but yield differences were inconsistent from gen- 
eration to generation. Mahmud and Kramer (9) reported that the 
effect of environment was great enough to feduce yield heritability 
estimate.s on early generation tests of soybeans to negligible values, 
while those for maturity and plant height remained high. Tests 
of bulk populations of F- through Fa generations of soybean 
crosses were not reliable in predicting yield or maturity date of 
selections, but lodging and height evaluations were consistently 
indicative of the performance of these same selections, according 
to Weiss (11) and Weiss et al, (12), 

MATERIALS AND METHODS 

Ten varieties of winter wheat, representing a wide range of 
types, were intercrossed in all possible combinations in 1942. The 
parental varieties w'ere: Blackhull, Cl 6251; Cheyenne, Cl 8885; 
Chiefkan, Cl 11754; Comanche, Cl 11673; Early Blackhull- 
Tenmarq, Ks 2757; Marqiiillo-Oro, Cl 11979; Nebred, Cl 10094; 
Pawnee, Cl 11669; RedChief, Cl 12109; and Tenmarq, Cl 6936. 
All are, or have been, commercially important varieties in the hard 
red winter wheat area except Ks 2757 and Cl U979. The 45 crosses 

^Contribution No. 521, Department of Agronomy, Kansas Agr. 
Exp. Sta., Manhattan. Investigations conducted cooperatively with 
the Field Crops Research Branch, A.R.S., U.S.D.A. Received April 
16, 1955. 

^Formerly Agronomist, Field Crops Research Branch, U.S.D.A., 
now Secretary Kansas Crop Improvement Association; and Agrono- 
mist and Agent, Kansas Agr. Exp. Sta,, IJ.S.D.A., respectively. 
The authors wish to acknowledge the aid of H. C. Fryer and 
■ Henry Tucker, Statistical Laboratory, Kansas State College, for 
;advice in designing, analyzing, and interpreting the data. 




were grown in bulk from the Fj* through the F-, generation. The 
45 bulked crosse.s and their 10 parents were grown in 1946, 1947, 
and 1943. The F?! generation was grown all 3 years, the F.i in 1947 
and 1943, and the F-, in 1948. A randomized complete block design, 
with single- or 2- row, B-foot plots replicated 5 or 10 times was 
used for these early generation tests. Seed from the parents and 
Fs bulks was space planted in 1949; 10 plants were selected at 
random from each cross and 5 from each parent. Seed of these 
individual plants was increased in 1950 and 7 or 8 pure line 
selections from each cross and 2 from eadi parent were growm in 
2-rocv and 4-row" plots 8 feet long in a 7 by 7 by 7 cubic lattice 
design in 1951 and 1932. 

Yield in grams per 8-foot row, plant height in inches, date in 
May on which the luilf-bloom stage was reached, and test weight 
in pounds per bushel were recorded for all kind.s:‘ during this 
study. All tests were conducted at Manhattan, Kans, 

The statistical methods as outlined by Cochran and Cox (3), 
.Snedecor (10), and Yates and Cochran (!3) were used through- 
out the .study. Combined analyses of variances, using all the avail- 
able data for any one generation, were performed for each diarac- 
teristic studied. Each early generation kind wxis characterized by 
combining and analyzing resul ts of Fn, F* , anti Fr. generations 
grown in 1946, 1947, and 1948, respectively. Product-moment cor- 
relation coefficients for each characteristk were calculated between 
logical combinations of generations and years. Results of the cubic 
lattice trials were analyzed by the pimched-card method at the 
Statistical Laboratory, Kansas State College. 

' ' ' EXPERIMENTAL RESULTS 

Table 1 summari 2 e,s most of the data obtained during 
the course of the study. Variety averages are given to char- 
acterize each parent The performances of the bulks are 
based on 3 successive generation-year results of tests in- 
volving the 9 bulked crosses with 1 parent in common. 
Such an average is the logical one to use to characterize 
early generation bulked cross performance, since results of 
successive generations grown in consecutive years would be 
available in a practical early generation test program. 
Selection averages cover the 2-ycar performance of the 64 
or 65 pure lines having a common parent. Direct compari- 
sons between varieties, bulks, and selections should not be 
made since different years are involved. 


A combined analysis of (1946), (1947), arid F,.j 

(1948) generation yields showed no significant difference 
among the 53 kinds. Average yields ranged from 206.4 
156.2 g. with 8.34 as the standard error of a kind mean. 
However, there were highly significant differences in yield 
between kinds in all generations and years. When kinds 
were ranked according to yield, a striking inconsistency in 
relative yield from generation to generation and year to 
year was appment 

Correlations, shown in table 2, w^ere significant in only 
one out of 11 individual comparisons. This highly signifi- 
cant yield correlation between F,j and F^^ generations, when 
year to year variation was eliminated by growing them both 
in 1947, might indicate a certain degree of relationship; 
however, the correlation between these same generations 

® "Kinds” is used throughout the paper to include the 45 bulked 
crosses and the 10 parents. 







Plant Height 

Highly significant plant height differences among kinds 
were found to exist in all early generation tests. A ranking 
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Table 1. Perfornipice, at Manhattan, Kans.^ of 10 winter wheat varieties, of the bulked progeny of each variety crossed with each 
of the remaining 9, and of the random selections (total number indicated) from each bulk population. 
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Average 
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No. 
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1935- 46 

L 

feoo 

'fi ' 
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1951-52 

Variety, 

1946-48 
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U ' 1 

00 

w 1 
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Selections, 

1951-52 

Variety, 

1946-48 

Bulks, F a-F h, 
1946-48 

Selections, ! 

1951-52 

Variety, 

1946-48 

1, 

i feoO' 

..Tft 

1 ■ 1 

1 

: pqS 

Selections, 

1951-52 


BlackhulL : J 

25.1 

I 31.3 

35.1 

42.9 

41.1 

i 40,9 

22 7 

15,3 

26.7 

58.2 

1 58.8 

59.2 

64 

Cheyenne . : - - - J 

26.1 

' 29,9 

36.1 

40.2 

40,9 

i 40,3 

24.6 

16,5 

27.5 

56.5 

57.9 

58.7 

64 

Ghiefkan... - - - 

27.5 

31.2 

■ 35.2') 

42,2 

41.4 

41.4 

22.4 

15.6 

26.8 

58.6 

58,4 

59.4 

65 

Comanche 

30.4 

31.6 

36,9 i 

39,4 

40.2 

40.6 

21,1 ' 

13.9 

26.7 

56,8 

58.2 

58.7 

65 

Early Blackhull-Tfmnmrq : 

34.1 

31.5 

36.3 

38.0 

39.5 

39.9 

15.8 

11.6 

24.4 

58.4 

59.2 

59,2 

64 

Marquillo-Oro . 

1 ao.s 

31.9 

37.0 ■ 

42.1 ; 

40.4 

40.3 

26.4 

15.9 

27.5 

55,3 

57.7 

58.3 

65 

Nebred,,; 

1 26.2 : 

30.7 

35.4 

39.4 

40.4 

40.2 

24.0 

15.8 

27,7 

58.0 

58.2 

58.7 

65 

Pawnee... - . . 

: 33.8 : 

30.1 

35.4 

38.0 

39.6 

39.7 

20.1 

14,6 

26.6 

57.4 

58.1 

58.6 

65 

RedChief 

‘ 25.9 

30.6 

34.9 

41,4 

40.8 

41.4 

21.0 

15.2 

26,9 

60.4 

59.3 

60.1 

65 

Tenmarq 

j 27.3 

30.3 

36.0 

40.9 

41.0 

40.7 

22.9 

15.4 

27.1 

56.0 

57.9 

58.4 

64 


Table 2. — Frodiict-inoment 


correlation coefficients of early generation bulk data, l946-~48. Degrees of freedom = 53. 


Generation 


Yield 


Plant 

height 


F.:t (19461 vs. F, (19471 

11947) vs; F, (1948) 

Fs (1946) vs. F;r( 1.948) . 

Average, F.-;(i946) to F , (1948) . 
F j (1947 ) vs. F j (1948.1. . . 


F ;) (1947) vs. F i (1947) . 
F js (1948 ) vs. F 4 i 1948 1 . 
F 4 (1948> vs. F, (1948). 
Fa (1948) vs, F, (1948).. 


With generation to generation variation eliminated; 

0.00 
0.01 
0.15 
0.05 
0.14 

With year to year yariation eliminated; 

0.40** 


Fa 11946) vs, Fi (1947) . 

Fa (1947) vs. F, (1948) 

F:H1946) vs. F„ (1948) .. 

Average, F;, (1946) to F, il948). 


- 0.02 

0.23 

0.13 


Involving successive generation-years; 

■ - 0.11 
-0.09 
0.12 
-0.03 


r = 

0.85** 

0.84** 

0,91** 

0.87** 

0.60** 


0,96** 

0 . 88 ** 

0.83** 

0.94** 


0,71** 
0 . 68 ** 
0.75** 
0.78** 


Date of 
flowering 


Test 

weight 


r — ■■ 

0.S4** 

0.69** 

0.48** 

0 . 66 ** 


0.70** 

0 , 88 ** 

0.85** 

0.98** 


0.54** 

0.70** 

0.65** 

0.63** 


Significam at the 1 % leveL 

did not approach significance when they were both grown 
in 1948. The three" correlations involving successive gen- 
eration-years (table 2) were nonsignificant. Yields of bulks 
in any year or generation were not indicative of yields in 
other years or generations. Neither was there any signifi- 
cant association of different generations of the same bulk 
grown the same year. It was not possible to designate any 
kind or group of kinds as high or low yielding on the basis 
of these early generation tests. 

Highly significant differences in yield existed among the 
parents and pure line selections in each of both years they 
were studied (1931 and 1932). The best available esti- 
mate of the yield performance of selections from each cross 
or variety is the mean yield of all selections from each kind 
averaged over the 2 years they were grown. The average 
yield of all selections from each kind ranged from 198.3 
to 160.4 g., per 8-foot row. The selections from Marquillo- 
Oro had the highest average yield; those from Pawnee X 


Early Blackhull-Tenmarq, the lowest. These had not been 
identified as high or low yielding kinds during early gen- 
eration tests. 

The correlation between the yield of the early generation 
kinds and that of selections from each kind was 0.28 (table 
3 ), a significant correlation coefficient. However, the anal- 
ysis of the early generation yield results showed no sig- 
nificant difference among the 53 kinds when averaged over 
3 successive generation-years so this low, but statistically 
significant, correlation coefficient probably has little mean- 
ing. It was concluded that the yield of the early generation 
bulked crosses was of no value for predicting the yield of 
the pure line selections. 
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of kinds according to plant height showed a general agree- 
ment from generation to generation and from year to year. 
The plant height correlations given in table 2 are all highly 
signilicant and indicate that height determinations made 
during any one generation or year were reliable indicators 
of the relative plant height of the same kinds grown in 
other generations or years. The mean plant height of indi- 
vidual kinds tested in 1946-48 varied from 43.1 to 37.6 
inches, with 0,40 as the standard error of a kind mean. A 
combined analysis showed a highly significant diiference 
between average heights of early generation kinds. 

Significant differences in plant height were found to 
exist between the pure line selections and parents tested in 
1951 and 1952/ As the variation between crosses was 
greater than, or equal to, variation within crosses and in 
only one case was there a significant difference between 
selections from a variety, the post-selection performance of 
a cross or variety could be represented by the average per- 
formance of all selections from a kind. The average height 
of all selections tested in 1951-52 from each of the 45 
bulks and 10 parents ranged from 43.0 to 38.1 inches. The 
selections from the Chiefkan parent averaged tallest; those 
from Pawnee shortest. Chiefkan had been among the tallest 
kinds in all early generation tests; Pawnee had been among 
the shortest. 

The average successive early generation kind plant height 
was correlated with the 2-year average of mean plant 
heights of all selections from each kind. The correlation 
coefficient was calculated to be 0.73 (table 3), a highly 
significant value. This indicates that random selections 
from each kind tended to have an average plant height 
similar, relatively, to that of the kind from which they were 
selected. 



Date of Howering 

There was a highly significant difference among kinds 
in all early generation tests. A ranking of kinds according 
to maturity showed a close relative agreement from genera- 
tion to generation and from year to year. Product- moment 
date of flowering correlation coefficients given in tabic 2 
are all highly significant. There is apparently little year to 
year variation in relative maturity. Early generation kinds 
could have been grouped according to date of flowering in 
any one test and this grouping would have reliably indi- 
cated the relative maturity to be expected from the same 
entries in any succeeding generation and/or year. 

A combined analysis of flowering date of (1946), 
F 4 ( 1947 ), and F- (1948) generation bulks and parents, 
undertaken to determine the average early generation per- 
formance, showed a highly significant difference among 
kinds. Mean dates of flowering of the 55 kinds tested in 
1946-48 ranged from 20.4 to 9.7 with 0.59 day as the 
standard error of a kind mean. 

Analysis of the 1951 and 1952 cubic lattice trials showed 
significant differences among the pure line selections and 
parents in each of both years. The best available evaluation 
of the post-selection flowering date of any of the crosses 
or varieties was a 2-year average of the mean date of flow- 
ering of all selections from each kind. These averages 
ranged from 31.5 to 20.6. The selections from Marquillo- 
Oro, a late kind in early generation tests, averaged latest 
of any of the 55 kinds; the selections from Early Blackhull- 
Tenmarq, the earliest kind in early generation tests, aver- 
aged earliest, over the 2 years. 


The product-moment correlation coefficient between : 

kind dates of flowering averaged over 3 .successive early [ 

generation-years and 2-year average of mean dates of flow- i 

ering of all selections trom each kind was 0.83 (table 3), i 

a highly significant value. The relative average date of I 

flowering ot random selections from each kind was similar : 

to the relative date of flowering of these 55 bulked kinds ' 

during their early generations. Maturity is a characteristic 
that apparently was accurately predicted by early genera- 
tion tests. 

Test Weight 

Statistical tests of the test weight of grain from the 55 
early generation kinds were not so powerful as those for 
the other characteristics studied because only one observa- 
tion was recorded for 1946 and 1947 tests and two for 
1948. The single value was used as the best available esti- I 

mate of test weight for each 1946 and 1947 test. 1948 | 

data were subjected to an analysis of variance, with only j 

one degree of freedom for replications. : 

Analysis .showed highly significant differences among j 

kinds in all 1948 tests. A ranking of kinds shows a fair 1 

agreement in relative kind test weight from generation to / 

generation and from year to year. In general the kinds hav- | 

ing the lowest test weights tended to be the most con- i 

sistent. The correlation coefficients given in table 2 are j 

variable but highly significant. When the year to year in- 
fluences are removed, the numerical value of the correla- 
tions is increased. It seems that the effect of years operates 
to reduce inter-generation correlations of test weight. 

Although there is a certain amount of consistency from 
generation to generation and year to year, it appears that ; 

determinations made on one generation grown in any one 
year might prove disappointing if used to predict the per- 
formance of a kind in some later generation or year. " 

Single determinations of test weight in 1946 and 1947 
reduce the weight of conclusions that can be drawn from 
an analysis of successive F.., F^, and F„ kind test weights. 

Arrayed test weights ranged from 60.7 to 55.7 pounds per 
bushel with 0.36 as the standard error of a kind mean. 

Significant differences among test weights of randomly 
selected lines were observed in 1951 and 1952. Uie 2-year 
average test weight during 1951- 52 of all selections from i. 

a cross or variety, u.sed as a measure of the post-selection 
performance, ranged from 6 1.6 to 56.2 pounds per bushel. 

Selections from the RedChief [xirent had the highest test 
weight of selection.s from any kind; RedChief was deter- 
mined statistically, to be the hea^acst kind during early , . 

generation tests. Selections showing the lowest average test * 

weight were those from the Marquillo-Oro parent, the 
lightest kind in early generation tests. 

A highly significant correlation coefficient of 0.83 (table 
3) was obtained between the average test weight of grain 
from the 55 early generation kinds and the 2-year average 
of mean test weights recorded for all selections from each 
kind. This indicates that the relative test weight of kinds 
averaged over 3 successive generation-years was similar to 
the relative mean test weight of random selections from 
each kind when averaged over the two-year period. " 

Predictions Based on Parental Characteristics ! 


The average performance of the 10 parents was com- 
pared with the performance of the bulked crosses and pure 
line selections by correlation. Table 3 shows the correlation 
coefiScients obtained, plus those previously reported for 
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Table 3. -ProduLt-moment correlation coefficients involving parents, bulked crosses, and selections. 



■ 'D-f;:' ■ '■ 

Yield 

Plant 

height 

Date of 

1 flowering 

Test 

weight 

Parents vs. bulked crosses 

8 

r == 

0.26 

r = 

0.8o** 

■ ' r~ ! 

0.91** 

r- . 

0.85** 

Parents vs. selections : . 


0.48 

0.76* 

0.92** 

0.91** 

Kinds vs. '.selections^ „ , _ „ 

d3 

0,28* 

0.73** I 

0.83** 

0.83** 


" SiTn incant .'it t hr 5'.; Itnel. 

* Significant at 1 hr Pi, IrvcL 


comparisons among kinds and selections. Significant or 
highly significant correlation coelficients among parents 
and selections were obtained for plant height, date of 
flowering, and test wxdght. A non-significant correlation 
coefficient resulted in the case of yield. Excepst for yield, 
the performance of a variety was reliable in predicting the 
performance, for the characteristics studied, of selections 
involving that variety as a parent. An outstanding example 
of this is the case of test weight (table 1). Marquillo-Oro 
had the lowest test weight of the parental varieties; bulks 
and selections involving this variety as a common parent 
were lowest in their respective groups. Similarly, bulks and 
selections involving RedChief, the heaviest parent, w?ere 
the heaviest in their groups. 

Fishers 2 'test was applied to determine whether the 
numerically higher values for parent-selection correlation 
coeffiicients differed from those for bulk-selection correlation 
coefficients. In no case did the difference in coefficients 
approach significance; therefore, the parents could not be 
considered more reliable as predictors of selection per- 
formance than the bulk hybrids. 

DISGUSSION AND CONCLUSIONS 

Generation to generation and year to year inconsisten- 
cies in relative yield were so great that it was impossible to 
classify any kind, or group of kinds, as high or low yield- 
ing. Such inconsistencies were due to the interaction of 
many factors, both eoviroomental and genetic, wffiich 
operate directly and indirectly to influence yield response. 
Since preselection yield classification of the 43 bulk hybrids 
and 10 parental varieties could not be accomplished, it was 
concluded from this study that the early generation bulk 
hybrid tests were of no value in predicting the yield from 
selections from the 35 kinds. Parental performance was 
likewise of no value for predicting yield performance of 
the selections studied. From the results of this study the 
probability of obtaining a high yielding line by selection 
was apparently equal, no matter from wffiich cross the 
selection was made. 

Techniques used for determining yield in cereals appar- 
ently are not refined enough to detect real yield differences 
if they are only in the magnitude of about lOfv^. The 10 
parents used in this study w^ere, at one time or another, 
recognized for their yield potential in Kansas. Blackhull 
was highest in measured yield at Manhattan at least once 
during the period 1933-1954 but for the 12 years, 1935- 
1946, it had the lowest average yield of the parents in- 
volved (table 1), In the cross-combinations studied, per- 
haps the factors for yield were uniformly distributed and 
therefore no yield difference could be observed in the bulk 
generations. 


There are many factors of the environment, separate 
from the inherent yielding ability, that affect actual yield. 
An example would be the presence of soil borne diseases 
in irregular distribution in the test area. In the 1954 test 
area at Manhattan, there were areas only 3 feet in diameter 
that showed drought damage; the effects of soil borne 
mosaic were evident in areas equally as small. As long as 
the environment, such as encountered in Kansas, varies so 
greatly from season to season and even within the same 
season and location the presently used techniques for 
measurement of yield will give variable results. Only under 
rigid control of the environment wfl 11 the inherent yield 
potential be measured accurately for any specific set of con- 
ditions. Therefore, if any real yield differences occurred 
through recombinations (transgressive segregation) the 
detection of such recombinants in bulk hybrids probably 
would not be observed. 

Significant correlation coefficients indicated that p>re- 
selection classification of the 55 kinds was possible accord- 
ing to plant height, date of fiowering, and test weight. A 
single test was sufficient to determine early generation per- 
formance but a better evaluation would be the average 
performance of the bulked crosses or parents when grown 
in successive years. Such an average, covering a random 
sample of years, takes into account any year by kind inter- 
action that may be present. 

Within the limits of this experiment it was shown that 
preselection determinations made on early generation bulk 
crosses reliably predict the .relative plant height, niaturity, 
or test weight of selections from those crosses. How^ever, 
parental performance gave as reliable a preselection classi- 
fication as that based on bulked crosses. The probability of 
obtaining segregates desirable in any of these three char- 
acteristics could have been increased either by studying the 
parents, and crossing only those showing the desirable 
attribute, or by discarding the undesirable bulks according 
to early generation, performance. 

Since parental performance was found to be equal to 
bulked cross performance in predicting plant height, date 
of flowering, and test weight, the use of bulked crosses to 
predict selection performance would seem to have no merit. 
Careful choice of parents to be used for making a rela- 
tively few crosses w^ould have been more economical than 
making many crosses, some of which were to be discarded 
on the basis of their bulk performance. Indications are that 
selection during segregating generations should emphasize 
characteristics other than yield; it is likely that satisfactory 
yield will be manifest by many of the remaining segregates 
after selection for desirable observable and measurable 
characteristics has been accomplished. On the basis of this 
study in hard red winter wheat, it is suggested that the 
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analysis of many bulked crosses in early generations is not 
so economical in securing desirable segregatCwS as other 
more commonly used plant breeding methods. 

SUMMARY 

Early generation tests of 45 bulked hard red winter 
wheat crosses and their 10 parents were conducted in 1946, 
1947, and 1948 at Manhattan, Kans. Seven or 8 selections 
made at random from each space planted F,; bulk hybrid 
were tested, along with 2 random selections from each 
parent, in 7 by 7 by 7 cubic lattice designs in 1951 and 
1952, Results of the early generation trials were compared 
with those of selection tests to determine whether or not 
the early generation tests had indicated the performance 
that might be expected from selections from each cross. 

It was not possible to classify the early generation crosses 
according to yield in this study probably due to high year 
to year variation in relative yield or inadequate technic|ue 
for measuring yield. In the absence of a reliable pre-selec- 
tion classification there was no basis for attempting to pre- 
dict yield of the selections. Parental performance was also 
of no value in predicting yield of selections. Classification 
of the bulked crosses according to plant height, maturity, 
or test weight seemed to be reliable and consistent; appar- 
ently these preselection classifications accurately predicted 
the plant height, maturity, or test weight that might be 
expected in selections. Parental performance was shown to 
be just as reliable for predictive purposes as bulk hybrid 
performance. 
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Persistence of Timothy As Determined By Physiological Response 

to Different Management Systems' 

H, C, Knoblauch, G. H. Ahlgren, and H. W. Gaiismtux- 


F actors such as soil fertility and stage of harvest are 
recognized as having varying influences on the yield, 
cjuaiity, and longevity of different species of forage plants. 
Information is needed as to the .specific effect and possible 
inter-relationships of management factors on forage plants. 
The objective of the experiments reported in this paper 
was to determine the effect of various fertilizer treatments 
on nitrogen and carbohydrate food reserves in timothy 
corms and roots when harvested at various stage of matu- 
rity. The effect of these treatments under field plot condi- 
tions on yield per acre of forage and protein is presented. 

REVIEW OF LITERATURE 


Waters ( I i ) observed that per.sistence of timothy stands could 
be enhanced by allowing plants to mature, thus promoting devel- 
opment of ’bulhs” for propagation at the base of old timothy 
plants. In contrast, Wiggans (12) ad\anced the premise that early 
cuttings were beneficial in maintaining timothy stantls, since weed 
competition would be eliminated; and he maintained that allowing 
plants to mature seed re.sulted in reduced plant vigor. 'Fhrowbridge 
e/ al. (9) found the greatest number of ’’bulh.s'* present when 
timothy \va.s cut just out of bloom. Further evidence indicated that 
material stored in the timothy "balb” was largely nitrogenou.s mat- 
ter and nitrogen-free-extract Sprague and Hawkins (8) noted 
that the protein content of timothy could be increased by appli- 
cation of soluble nitrogenous fertilizers 2 to 3 weeks prior to har- 
vest. A practical method of improving storage reserves in timothy 
corms is thus implied. 


Literature related to food reserves in plants is extensive. Infor- 
mation pertaining to timothy will only be considered in thi.s 
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PROCEDURES 

Terminology used herein regarding the timothy plant is accord- 
ing to recommendation.^ by Evans (3) with the exception that 
corn! ■will be .substituted for haplacorm. The term, re.serve, shall 
be used to include nitrogen compounds and carbohydrates stored 
and utilized by a plant for maintenance and future growth, 

A preliminary phase of the investigation involved an exploratory 
greenhouse study during 1940. The continuous Ilow method of 
Shive and Stahl (4) was utilized with 3 levels of nitrogen con- 
sisting of 14 ppm. (changed to 21 ppm. when nitrogen deficiency 
was evident), 126 ppm. and 315 ppm. Partial volume molar con- 
centrations of KffSOi, KHaPO.i and MgS04 were constant at 
0,001125, Minor elements added Fe at 1 ppm. and B, Zn, 
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KNOBLAUCH ET AL.; PERSISTENCE OF TIMOTHY IN DIFFERENT MANAGEMENT SYvSTEMS 


Table 1. Average dry weight in grams of quadruplicate samples of timothy plant fractions harvested per square foot, 1940 and 194L 


of nitrogen from nitrate of soda in the spring, 1/200 pounds per 
acre of 5“10-5, and 400 pounds per acre of 5-10-5 plus 36 
pounds nitrogen from nitrate of soda at early heading. Timothy 
was harvested from I94l through 1944 at early heading, begin- 
ning bloom, and late bloom for forage yield. Protein 3delds were 
determined for 1941 and 19-12. 

Data on plant species, yield, and food reserves in corms were 
determined for each fertilizer treatment according to time of har- 
vest during 1941. Botanical composition was determined by the 
inclined quadrat method as given by Tinney, Aamodt, and Ah I - 
gren (10). Dry soil conditions during 1941 made the use of the 
instrument by Blaser (2) unsatisfactory. As a substitute, removal 
of 6 by 6 inch blocks with a spade was used to determine root 
weights, ' 

Reducing sugars were determined from a 200-mg. sample of 
plant tissue hydrolyzed \vith 1:20 HCl for 3 hours under a reflux 
condenser. Reducing power of the filtrate was determined accord- 
ing to the method described by Wildman and Hansen (13). 

Nitrogen of forage samples was determined by the standard 
Kjeidahi method (1), Nitrogen in plant fractions was determined 
by micro-Kjeldahl according to methods of Snell and Snell (6). 


and Mn at 0.25 ppm. Galcium was held constant using CaCl- and 
the pH Was held constant at 5 using 0.5N NaO^ to adjust out- 
going solutions,'' 

A field low in fertility consisting of a 1939 seeding of timothy 
was used for experimentation in 1940 and 1941. The soil was a 
Dutchess loam with a pH of 6.2. Treatments consisted C)f a check 
plot and a fertilized plot which received 400 pounds per acre 
of a 5-10-5 fertilizer applied annually in the spring. To deter- 
mine effects of nitrogen stimulation, one-half of each plot ^\^as 
fertilized at early beading with nitrate of soda to supply 36 pounds 
of nitrogen per acre. Samples from l-foot quadrants in quadrupli- 
cate were taken from each plot at early heading, beginning bloom 
and aftermath for plant fractionation into roots, corms, leaves, 
stems, and heads. Root penetration and distribution were studied 
at beginning bloom. Samples of roots and corms were taken accord- 
ing tc) nuth()ds by Sprague (7) with equipment By Blaser (2 ). 

A more detailed study was initiated in 1940 with a seeding of 
timothy on a Dutchess loam of low fertility. Treatments on 10 
by 20 foot plots in triplicate consisted of a check, 400 pounds 
per acre of 5-10-5, 40() pounds per acre of 5-10-5 plus 36 pounds 


RESULTS AND DISCUSSION 
Greenhouse Study 

Data from the greenhouse study have not been included., 
since results were comparable to those of the field study. 
Worthy of special note, however, was the influence of 
nitrogen levels on the root development of timothy. As 
indicated in figure 1, high and medium nitrogen levels in 
the substrate (315 and 126 ppm., respectively) developed 
a short, heavy textured and succulent root system; while 
low nitrogen (21 ppm.) resulted in an extensive, fine 
textured, and fibrous root system. 

Field Study 

As shown in table 1, root weight was somewhat variable 
at early heading and beginning bloom. The effects of har- 
vesting at beginning bloom, however, were reflected in de- 
creased root weight at the time of aftermath harvest. Dur- 
ing field sampling of roots, it was evident that growth 


Fig. l.— Charactc-r of root growth of timothy grown in nutrient 
' Culture under nitrogen levels of 21 ppm, (left), 126. ppm, 
(center) and 315 ppm. 


Treatment 

Leaves 

Stems and heads 

Corms 

Roots 

Total plants 


1940 

1941 


1940 1 

, 1941 

1940 

1941 

1940 

j 1941' 

1940 

1941 

'Cheek. ^ 

11.0 

10.1 



1 i -1 ^ 1 

Harvested early heading, June 





14.7 

] 

12.2 1 

■8.8 : 

7.1 

12.0 

9.8 ; 

46.5 

! 39.2 

Check 4- N at early heading 



in 1940 only’^ 

— 

11.0 


, 

11.4 ; 

— , i 

7,0 

. 

11.3 

; 

40.7 

400 lbs. /A 5“10-“5t ,, 

400'lbs./A 5-1 0-5.4- N at 

23,. 2 

17.1 


38.4 1 

■'14.7 

22.4 ^ 

8.4 

11.6 

14.0 

95 . 6 ^ 

54.2 

early heading - 

— 

21.9 




20.3 : 


17.4 



11.5 

■ ■ ' 

71 ,1 

Check - : : j 

10.0 




Harvested beginning bloom, July 




1 9.4 


: 24.4 

15.7 

' 15.2 i 

. 15.7 1 

'7.2 ! 

7.0 

56.8 

47.8 

Cheek -pN at early heading.. „ | 

18.4 

1 16,3. 


I 67.6 

43.4 

l', 28.0'. ' 

'22.3 1 

8.0 ^ 

7.7 

122.0 

89,7 

400 lbs. , A 5-10 -5 . . . 

400 ibs./A 5-10-5 -p N at 

: 29.2 

1 28 ,.4 

t 


' 101.6 

78.3 

1 32. 4 

, 

24.6 ! 

7.6 i 

6.4 

170.8 

137,7 

early heading 

39,4 

1 42.6 


; 109.3 

i 113.7 

38.5 

34.4 1 

10.0 

8.4 

197.2 

199.1 

Check., 



A 

.ftermath following harvest at beginning bloom, Septembe 
6.1 1 3.8 1 16.2 1 13.8 1 4.9 i 3.5 

ir 





26,2 

! , 21.1 

Check +N at earlv headiuj' , 

. ■ _ — . , 



30.5 

5.8 

22.2 

20.6 

7,4 1 

3.8 

60.1 

30.2 

400 Ite. , A 5-10 -5 

400 lbs., A 5 10-6+N at 

‘ — - — - , , 

. 


7.2 , 

13.6 

27.8 

26.2 

■■■5.8 

4.5 ; 

■ i 

40.8 

44.3 

earlj' heading 

1 ■ ^ — i 

— 


36.3 

^ 23.2' 

38.0 

32.6 

' 7.3 

5.9 

81.6 

61.7 


436 
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Table 2.— Fresh ^’eight in grams of timothy roots per square foot of surface, per inch layer, under various soil treatments, 

July 3, 1940 and 1941. 


Fertilizer treatment 


Soil layer 

Check 

Check and nitrate 
in June 

400 lbs. A 5-10-5 
in spring 

400 lbs. A 5-10-5 
in spring and 
nitrate in June 

1940 

1941 

1940 

1941 

1940 

1941 

1940 

1941 

0-2 inch*..,- - 

43.6 

41.6 

65.6 

48.8 

89.6 

73.6 

106.6 

87,2 

2-3 . - 

11.6 

13.9 

15.1 

19.6 

16.3 

21.1 

19.7 

19.4 

3-4 - 

8.6 

10.8 

11.8 

13.9 

12.2 

12.6 

13.8 : 

11.5 

4-5' — ■ — 

5.1 

6 . 6 

5.8 

3.8 

6.2 

6.6 

5.4 

6.2 

5-6 

5.8 

5.5 

4.8 

5.1 

6.9 

3.1 

4.3 

5.9 

6-7 

3.9 

2.8 

2.0 

2.2 

3.0 

2.5 

1.7 

3.0 



1.9 

1.3 

1.3 

1,1 

1.1 

0.9 

1,2 

1.0 

8-9 - : - 

1.3 

0.9 

0.6 

0.7 

O.S 

0.6 

1.0 

0.3 

9-10_„„ - 

0.6 ; 

0.6 

0.3 

0.0 

0.3 

0.0 

0.2 

0.0 

Total root weight below 2 inches 

■ 38.8 

42.4 

41.7 

46.4 

46.8 

1 47.4 

47,3 

47.3 

Percent below 2 inche.s 

47.1 

50 , 5 

38.9 

48.7 

34.3 

39.2 

30.7 

35.1 


0-2 inch weights largely muile up of conns. 


Table 3.~~Nitrogen and carbohydrates in timothy conns harvested per square foot under different treatments at various times during 

the 1940 and 1949 growing seasons, average of quadruplicate samples. 


Treatment 

Dry weight 

Nitrogen 

Carbohydrates 

1940 

1941 

„„ .. 

1940 

1941 

1940 I 

1941 


g* 


% 

% 

erf ■ '\ 

/C ^ 

:% 



Sampled at early heading, June 


Cheek ■ _ .. ^ _ ' 

8.80 

7.12 

0 . 55 

0.95 

45.31 r 

48.91 

Check d-N at early heading in 1940 only*-_ . 

— 

6.96 


1 .30 

— ™., 1 

48.00 

400 lbs. /A 5-10-5f _ _ ^ . 

22.40 

9.44 

1.07 

1.27 

38,26 I 

47.34 

400 lbs. /A 5-10-5 -fN at early heading 


17.36 

— - . ■ 

1.21 

s 

44.22 



Sampled at beginning bloom, July 


Check-., .. - .. .. _ .. ^ .. ._ ■_ . . ■ 

15.20 

15.68, 

0.51 

0.80 

39.54 i 

38 . 87 

Check H-N at early heading. 

28.00 

22.32 

1.27 

1.15 

35.18 ! 

34,71 

400 lbs. /A 5-10-5 

32.40 i 

24.56 . 

0.57 

0.82 ' 

33.61 ! 

36.64 

400 lbs. /A 5-1 0-5 -fN at early heading 

38.50 

33.36 

1.19 

1.09 

■■ - 41.32 ■ 

43.30 




Sampled during Septemljert 



Check,,. - ' ' 

16.16 

13.84 

0.88 

1.29 

40.63 

47.21 

Check -f N at early heading 

22.16 

20.64 

1,64 

1.66 

■' 37.42 

44.66 

400 lbs,/A 5-10-5 . 

27.84:, 

26.16 

0.81 

1.40 

S6.S2 ! 

53.84 

400 lbs. /'A 5-1 0-5 -fN at early heading 

38.00 

■ 32.64 ' 

. 'i.as , 

1.56 

38. 7i: ! 

i - 

48.42 ■ 


Nitrate of s^oda ased to supply .16 lbs. X per acre, 
t Complete fertilizer applied in spring. 
t Samples from area harvested at beginning hlomii. 


varied with the different treatments. Roots of timothy 
plants in check plots were more extensive, fibrous, and 
penetrated to greater depths than in fertilized plots. This 
is further substantiated in table 2 and is in agreement with 
the results from the greenhouse study. Differences of this 
type in root development might have important bearing on 
the ability of plants to withstand dry periods. In addition 
there is suggested the probable advantage of deeper place- 
ment of fertilizer. 

Since the primary objective of this investigation was the 
relation of stored reserves to persistence, the chemical 
studies were confined to conns and roots. Furthermore, the 
carbohydrate/nitrogen relations in timothy plant tops have 
been studied extensively by Anderson A 


Dry weight.s of plant fractions from harxests conducted 
during 1940 and 1941 are given in table 1, The increase 
in dry weight of leaves, stems and heads, and conns to 
applications of nitrogen at early heading in addition to a 
basic 3-10-5 fertilizer is outstanding. It is noteworthy 
that conn weight at beginning bloom was approximately 
30% greater than at early heading. Since a minor change 
in corm weight is apparent between beginning bloom and 
aftermath harvest, indications are that little storage of 
reserves occurred from aftermath growth w^hen timothy was 
cut at beginning bloom. If corm weight is an adequate 
index of stored reserves, the data show that spring appli- 
cation of a complete fertilizer with additional nitrogen at 
early heading increases reserves of corms. 

Percentages of nitrogen and carbohydrates in corms are 




I'' „''«''t f4»-~S2i- ’s^''-,/-' » ' >: ■.. ' 

" " ^ ’ 4 ;■. |. 


KNOBLAl'CH KT AI,.: PERSISTENCE OF TIMOTHY IN DIFFERENT MANAGEMENT SYSTEMS 


Table '1. Nitrogen and caihohydrates in timothy roots harvested per square foot under different treatments at various times during 

the 1940 and 1941 growing seasons, average of quadruplicate samples. 


Treiitnient 


Dry weight 


Nitrogen 


Carbohydrates 


1 

1940 

1941 

1940 

1941 

1940 

1941 


g- 

g. 

% 

% 

% 

% 



Sampled at early heading, June 


Check : - - 

12.00 

9.76 

1.14 

1 1.16 

35.91 

27.47 

Check 4- N at early heading in 1940 only ^ 

— 

11-28 


1 1.27 


29.31 

400 tbs. /A 5-10-5 1 

11.60 

12.96 

1.32 

i 1.11 

35.06 

26.13 

400 lbs. /A 5-10-5 4"N at early heading 



11.52 


! 1.23 


24.32 



Sampled at beginning bloom, July 


Check™ - - - - 

5 . 20 

6.96 

1.30 

1.19 

18.92 

27.77 

Check 'fN at early heading in 1940 only 

8.00 

7.68 

1.64 

1.27 

26.84 

30.80 

400 lbs. / A 5-10 -5 

7.60 

6.40 

1,33 

1.16 

26.93 

30.62 

400 lbs. , A 5-10-5 4- N at early heading 

10.00 

9.36 

1.00 

1.35 

34.49 

29 . 54 

i 



Sampled during September: 

t 


Ghec;k ... - ... - 

4.88 

3,52 

1.15 

1.15 

14.47 

29.54 

Check 4" N at early heading- , 

7.36 

3.76 

1.44 

1.19 

26.33 

28.34 

400 Ihs. /A 5 -10--5 _ . 

5.84 

4.48 

1.14 

1.34 

18.41 

27.34 

400 lbs. A 5 10- 5 -fN at early heading,™ 

7.28 

5.92 

1.24 

1.29 

22.47 

28.66 


' Nitrate nl soda iisiai to sumdy lbs. X per acre, 
■ Coiiiplett' fertilizer appHi'd in spritiir. 

' Samples frora area harvesteti at bewinniny biuoni. 


corni.s harvested in September 1941.* 


Treatment 

Number 

corms 

Dry 

weight 

g- 

Nitrogen 

% 

i , 

Carbo- 

hydrates 

% 

Carbo- 
i hydrates/ 
nitrogen 
ratio 



Hay harvested at early heading stage 


Check.™ ... - ... .. .... ™ ; : — .... ^ - 

78 

0.2 I 

0.92 

54.2 

58.9 

400 lbs. / A 5-10-5 .. .. - - 

90 

6.5 

0.99 

56.6 

57.2 

400 lbs., /A 5-10-5 -f 36 lbs. N. in spring _ 

114 

10.3 

1.29 

53.6 

41.6 

1200 lbs. /A 5-10-5 .. ... .. - - - 

228 

21.2 

1.10 

51 . 5 

46.8 

400 Ibs. /A 5-10-54-36 lbs. N at early heading. ^ 

198 

15.5 

1.10 

57.3 

52.1 


Checks.,.,. ,, - ,..■■■- 

400 Ibs./A 5-10-5, 

400 lb.s. / A S-lO-nd-ilB lbs. N in spring 

1200 Ibs./A 5-10-5,.. 

400 lbs. / A 5- 1 0 -5 -f Z 6 lbs. N at early heading - 


96 

7.6 

0.87 

54.8 

162 

10.1 

0.97 

55.0 

132 

15.1 

0.98 

58.1 

264 

28.9 j 

1.04 

53.4 

234 

■■ .24.1 . ■ .! 

i:o6 

.56.8 


Check _ „„ „ .. .. .. _ .. - .. 

400 lbs. /A 5-10-5 „ ' ' 

400 lbs. /A 5-10-54-36 lbs. N in spring.. 

1200 lbs. /A 5-10-5 . ---- -- 

400 lbs., /A 5-10-54-36 lbs. N at early heading„ 


Hay harvested at late bloom 


5.9 

0.98 

: 51.8 

11.1 

1.03 

54 . 9 

15.7 

1.09 

56.0 

30.7 

1,16 

55 . 9 

21.4 

1.11 

55.4 


Average of 3 replications: 


cations at early heading increased the percentage of nitro- 
gen in the corms. Carbohydrate percentages within a 
sampling date did not show a consistent trend. On a weight 
basis, however, high fertility appeared to enhance the 
accumulation of carbohydrates during both seasons. A de- 
crease in percentage of carbohydrates in corms w^is evident 
between early heading and beginning bloom dates of har- 
vest. Apparently, the decrease at beginning bloom was due 
to translocation of carbohydrates to stems and heads for 
subsequent seed formation or from growth of the axillary 
buds on the corms. 

Data are presented in table 4 concerning nitrogen and 


carbohydrates by w^eight in the roots. The small amount of 
nitrogen and carbohydrates present at beginning bloom 
and aftermath indicate that roots were relatively unimpor- 
tant for storage of reserves. 

In many perennial plants, autumn is a period of food 
storage. Results pertaining to corms in table 5 probably 
represent this condition for timothy. As indicated, harvest- 
ing during early heading resulted in an approximate 30% 
reduction in dry weight of corms when compared with 
harvests at beginning and late bloom. The decrease was 
fairly constant regardless of the fertilizer treatment. Num- 
ber of corms was generally increased as harvesting was 
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6.— Timothy yield in dry hay pet acre with various fertilizer treatments harvested 

stages of maturity, i94i-*44>’ 


at different 





field dry hay 

in lbs. per acn 

- ^ 

Treatment 

Year 

Early 

Beginning 

Late 

Over-all 
average for 



heading 

— 

bloom 

bloom 

fertilizers 

Cheek, c. . _ _ _ „ . ' ■ - - 7 

1941 

974 

1922 

2378 

■ 


1942 

2007 

2789 

, 2770 

■ 


1943 

706 

4294 

6147 



1944 

S3T , 

1915 

■ 9990 

, 


Average 

1131 

2730 

3379 ■ 

2413 

400 lbs./ A 5-10 -5 - / _ . .. 

1941 

1322 

2129 

2431 


1942 

3405 

3o89 

3936 



1943 

1121 

5036 

6603 



1944 

1699 

. 2726 . 

2533 



Average 

1887 

.3370 ■■ 

3876 

3044 

400 lbs. /A 5-10-5 -/36 lbs. N in spring.: - . . - . - ~ I 

1941 

2018 

3085 

3242 ■ 


1942 

r 3282 ■ 

40S8 

1 3920 



1943 

1992 

. 5264 : 

I . 6605 



^ 1944 

Average 

. 17B2 : 

2263. 

3070 

3877 , I 

1 3339 

1 ■ 4276 

3414 

1 200 lbs. / A ■ 5-10-5 „ „ C: ' ... 

i 1941 . 

2006 

3794 

i 3364 ■ .1 

1 


! 1942 

3644 

5204 . i 

i 5487 / 

1 


1 1943 . 

1507 

5435 I 

. 7514 i 

■ 


1944 

^ 1993 

3682 i 

3489 ■ I 



Average 

, 2287 ■' 

4529 / 1 

4963 ■ j 

' 1 

■ ; ■ 3887 ■ / ^ 

400 lbs./ A 5-10-5 -/36 lbs. N at early beading. .. . / _ / ^ . 

: ' im ' 

1324 , 

2365 , : 1 

' ^ 2917 " i 


1942 i 

3281 

' 4427. ■ ! 

4530 : i 



1943 1 

1019 

5297 i 

7042 i 



1944 

i 1612 

'2952' I 

'7 ' 2678- I 



Average 

1809 

' 3760 ■ I 

^ 4292 , J 

■ : 3287 ■■ . ■■■ 

Over-all average for stage of harvest.. . . .. .. . . . „ _ _ 

■ ■ 1 

7 :iS40, 1 

1 

■3629 T j 

. ■ , ■ 1 

4157 j 



Averas^e of 3 replications. 


delayed past early heading. The higher fertilizer treatments 
also increased the number of corms. The above results, 
\\'hich indicate that harmful effects occur to corms from 
early cutting, support the observations of Waters (1 1 ) . 

Table 5, presenting data on additional fertilizer treat* 
ments, further ind icates (see table 3 also ) that manage- 
ment practices can be used to increase the dry weight and 
in most cases nitrogen and carbohydrate content of corms 
prior to winter dormancy. Fertilizer applications of 1,200 
pounds per acre of 5~10~5 and 400 pounds per acre of 
5-10-5 with 36 pounds of nitrogen at early heading were 
most successful in this respect. 

Yields of hay for the period 194i through 1944 are 
given in table 6. Protein yields are given in table 7. The 
data support the findings of Sprague and Hawkins (8) in 
that the spring applications of nitrogen gave increases in 
yield. The results from this experiment indicated that 
spring applications of nitrogen gave increases in yield but 
were not effective in increasing the protein content of 
timothy when measured as percent of protein in the forage 
at early heading. Yield response, however, was found to 
have been markedly influenced by precipitation during the 
spring months. The relation of early harvest to high pro- 
tein hay is clearly indicated in table 7. 

The data in tables 6 and 7 show marked differences in 
/.yield of forage and protein due to fertilizers, time of har- 

' ’ and vejir T*he of the isoi-yront'iflte 


for single degrees of freedom. The statisticvil analyses indi- 
cated that the yield c>f hay was not significantly increased 
by the application of 400 pounds of rntrogcai from nitrate 
of soda applied in the spring, when compared with the 
additional nitrogen appliecl at the early heading stage. On 
the other hand, 36 pounds of extra nitrogen at early head- 
ing did produce a significant iiurease in yield of protein 
when compared with the 4oo pounds tU' 'S~ic)»5 applied 
in the spring. The application of additional nitrogen in the 
spring increased both herbage and protein )'!eld. At the 
beginning bloom stage, the increased protein yield from 
nitrogen application at early heading was due to a higher 
percentage of protein in the forage and greater yield. 

The yield of both forage and protein was significantly 
affected by the stage of harvest. The yield of forage (table 

6) as an average of all years and fertilizers, progressively 
increased from early heading to late bloom. Protein (table 

7) , on the other hand, wis lower in the forage cut at late 
bloom as compared wdth the other two stages of harvest. 
It should be pointed out that the interaction of stages of 
harvest and fertilizers was significant for protein content 
of the forage. 

Records of plant species persistence show'ed that extra 
nitrogen treatments resulted in marked improvement in the 
productive life of the timothy stand (data not included). 
At the end of the 4-year period, however, the stand of 


lii 

'AllL : 



BililiiSfi 


iliifJ 
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Table 7* Protein yield in pounds per acre from timothy under various fertilizer treatments, harvested at 

diferent stages of maturity, 19^ 


1 ' ■ Treatment 

Year 

Early 

heading 

Beginning 

bloom 

Late 

bloom 

Over-all 
average for 
fertilizers 

i ■ Check.-., 

1941 

110.0 

157.6 

152.2 


i ■ ' ■ 

1942 

188.2 

226.7 

189.5 


f ■ 

Average 

149.1 

192.2 

170,8 

176.3 

400 lbs. /A 5-10-5 ,,,,, 

1941 

160.2 

189.5 

155.6 



1942 

403.1 

323.7 

264.0 


j' ■ ' 

Average 

281.6 

256,6 

210.0 

249.4 

400 lbs. /A 5-10-5 4-36 lbs. N. in spring ... 

1941 

264.3 

265.3 

236.6 



1942 

419.5 

344.6 1 

293.2 ! 



Average 

341.9 

304.9 

264,9 

303.9 

■ 1200 lbs. / A 5-10-5 - - ' ■ — - - 

1941 

256.1 1 

352.8 

248.9 



1942 

454.4 

482.4 

429.7 


\ 

Average 

355.2 

417.6 

339.3 

370.8 

1 400 lbs. A 5-10-5 4-36 lbs. N at early heading : 

1941 

153.6 

283.5 

253.8 


[■ ■ ■ i 

1942 

391.1 

525.0 

404.1 


i 

f ^ ' ■■ ' 

Average 

272.3 

404.3 

328.9 

335.2 

i Over-all average for stage of harvest : 

i; ■■ 


283.4 

315.1 

262.8 



‘ A\vragt* ol 3 n*pUcati<tn>. 

bloom and late bkKmv Stage of harvest. Harvesting at the 
early heading stage, even where extra nitrogen and extra 
fertilizer w^ere used, resulted in the poorest stands of tim- 
othy. Weed encroachment was most rapid on pilots har- 
vested at early heading. Extra nitrogen did, however, 
reduce to some extent the harmful effect of early cutting 
on persistence. 

SUMMARY' 

Fertilizer applications were conducive to the develop- 
ment of a shorter, more compact root system. Roots 
appeared to have a minor function in reserve storage. 

Applications of nitrogen in the spiring and at early 
heading in addition to a basic fertilizer (400 

pounds per acre) was usually effective in increasing the 
dry weight and nitrogen and carbohydrate content of 
timothy corms. Increasing the rate of appilication of the 
basic 5-10-5 fertilizer to 1,200 pounds per acre was also 
successful in this respect. 

In general, reserves in corms were correlated with per- 
sistence in that the best timothy stands were maintained 
with fertilizer treatments wliich enhanced nitrogen and 
carbohydrate content in corms at autumn. 

Harvesting at early heading wnis conducive to a reduc- 
tion in the dry weight of corms regardless of fertilizer 
treatment and resulted in the poorest stands of timothy. 
Harvesting at the beginning bloom stage gave the most 
satisfactory yields of desirable forage. Delaying harvest 
until late bloom resulted in an increased forage yield of 
much lower quality and did not greatly improve the storage 
of reserves. 
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Notes 


A SCALE RACK AND PROCEDURE FOR 

RAPID, PRECISE CATTLE WEIGHTS^ 

T he use of animal performance as criteria for pasture 
evaluation with grazing trials requires the minimum of 
error in animal weights. The usual basis for expressing 
beef production refers to gains and losse.s of animal tissue 
weight expressed as gain per head, rate of gain or gain per 
acre. Differences in weights of an individual steer, result- 
ing from fill and shrink variations, may completely over- 
shadow animal gains and losses in tissue weight. Procedures 
for handling and weighing experimental animals must be 
designed to^^minimize errors due to these large variations. 
This requires careful, uniform handling of animals during 
the prev^eighing or "shrink” period combined with rapid, 
precise individ\iai weighings taken within the shortest 
possible time lapse. 

A dual-gated scale rack combined with a working chute 
and sliding "cut-off” gate have been effective means of 
accomplishing rapid, precise weighing of experimental 
animais at the Southeast Oklahoma Pasture bertility Re- 
search Station, Coalgate, Okla. The 70 steers in the jiresent 
Main Station experimentar herd, divided into 18 different 
lots, are weighed individually by separate pasture lot in 
less than 1 hour. Only two men work the animais. One 
weighs and works both scale rack gates controlling the 
animal on the scale. The other moves the aninials up the 
working chute and, using a sliding gate, cuts off one steer 
into a ' waiting space at the scale. Both men move the 
animals by lot from their corral pens to the scale chute. 
The corral pen gate of the lot being weighed is left open, 
blocking the corral alleyway, allowing the animals to 
wander back to their pen after weighing. 

The scale rack is 414 by 9 by 5 feet. The sides and ends 
including the gate frames are made of welded % inch pipe 
with each section made separately and fitted together with 
1/2 inch steel pins. The gates easily slide up and back on 
roller bearing wheels in guide tracks (figure 1). A three- 
pulley arrangement for each gate allows the man at the 
.scale to easily control both gates with little effort and no 
loss of time or movement. Steers at this station are number 
branded on the light hip, allowing quick identification as 
they move onto the scale. The open pipe rack allows a 
quick, thorough observation of the animal for causes that 
require additional attention such as cuts, keratitis, screw 
worm infestations, etc. The man working the cattle in the 
chute usually has ample time to obtain fecal samples for 
internal parasite surveys. Samples are collected in small ice 
cream cartons and identified with the depositing animars 
number. ■. 

The pre-weighing shrink is obtained at this station by 
walking each pasture lot of animals to the corral holding 
pens at sunset preceding the weighing date and holding 
overnight without feed or water. The animals are weighed 
at dawn the following morning and moved back to the 



Fio. I. — I’xit of dual jilted nak that provides rapid, 

prei'ise weijihin.i; of large numbers of experimental animals with 
<»niy a two man crew. A working chute with a sliding cut-off 
gate controls experimental steer lots onto the scale individually. 

'riie V by -if 3 by ^ fiug rack is ivuninted im a 6,000 pound 
capacity standard dcviible beam single aninial sttKk scale. ; 

. ■ ' , ■ ■ ■ . ' . . I ' 

combined with a uniform procedure of obtaining pre- \ 

weight shrink, does much to increase precision and reli- 1 

ability of animal weights in grazing experiments concerned i 
with beef gains,— J. Q. lYNn, Okiahom^tr A. and M. | 

College, I 

TRANSFERRING THE Cra FACTOR FOR 
; DENT-INCOMPATIBILITY TO DENT- ' 
COMPATIBLE LINES OF POPCORN' 

P opcorn seed production in ilie corn belt area without 
contamination by dent pollen Is a serious problem even 
with proper i.solation. A .small percentage of contamination 
often occurs in seed fields gnwn under ideal coiidition.s. 

This requires extra expense to separate pop X dent hybrid 
ears from the comim^rcdal crop. 

Most popcorn lines isolated from South America, f 

Superb, and japanese Hulless varieties set little or no seed ^ 

when pollinated by dent pollen. In contrast, lines isolated 1 

from Supergold, Golden Amber, Queen’s Golden, and i 

Yellow Pearl varieties have normal seed set when polli- 
nated by dent pollen. Pollen from Supergold, Golden 
Amber, Queen's Golden, and Yellow Pearl lines will not 
affect fertilization of South American, Superb, and Japa- i 
nese Hulless lines. Pollen from lines of all popcorn vari- " 
eties is effective on dent corn. i 

Nelson- presented information on the inheritance of : 

cross-incompatibility, later substantiated by Whiteley.*^ ^ 



experimental pastures as soon as practical after weighing. 

The use of a scale rack provided with .sliding gates and 
working chute has provided means for rapid, effective 
handling and weighing of large experimental herds using 
only a two-man working team. The use of this equipment, 

^Heceived April 7, 1955. 


^ Contribution frenn tlie Agronomy Department, Iowa Agr. Exp. 
Sta., Ames, fowa. Project 3-55. Approved for publication as Jour- 
nal Paper J-27-12. Received April 7, 1955. 

“ Nelson, Oliver E„ ]r. Non-reciprocal cross-sterility in maize, 
Genetics 37:101-124. 1952. 

^ ^ Whiteley, Joseph R. Cross-incompatibility in maize. Unpub- 
lished Ph.D. thesis. Iowa State College Library, Ames, Iowa. 1953. 


440 



BOOK REVIEWS 


441 



Most dent-iiicompatibie popcorn lines are of geno- 

type while the dent-compatible popcorn lines and most dent 
corn lines ga ga. The following results usually are 
obtained when crosses are made between the different 
genotypes. 


Cross 

L Ga^G^ X 

2. git gd X GifGd^ 

3. Ga^gd X gd gd 

4. GifGii^ X Gf'tgd 

5 . Gif gd X Gd^ga 


Seed Set 
None 
Normal 
Normal 
Normal 
Normal 


Genotype of Progeny 
Gttgd 

Ga^gdy gd ga 
GitGit 
Ga^ga, Gd^Gcf 


In cross number 4, the gd gamete does not function on 
Ga^Ga^ stylar tissue. In cross number 3, the gd gamete sel- 
dom effects fertilization on stylar tissue of Gd^gd^ constitii- 
tion when competing with Gd^ gametes. However, unusual 
environmental intluences and genetic modifications of the 
alleles may result in fertilization by some gd gametes. 

By the use of the back cross method, the Ga^ factor may 
be transferred easily into lines of the gd constitution. 
Since the heterozygote cannot be identihed phenotypically, 
a technic,]ue to identify such plants is helpful in accom- 
plishing desired back cross results. 

The following technii|ue has been used successfully at 
the Iowa Agriculture Experiment Station 

Ear Parent I\>]len Parent Genotype of Progeny 

: 1st year gd ga X GcfGd'^ ■ ' Gd^ga 

2nd year Ga’^gf/ X ( recurrent parent)! Gcfga : I gd ga 
Midyear Gif^gdX gd gd I Gd^ga : I ga gd 

g^:g^^ X g^^g- " " 


Book 

STANDING ROOM ONLY 
By Karl Sdx. Beacan’ Prt^sx. 206 pp. 7,9^3. *$‘3.00. 

"Standing Room Only" by a. Harvarcf Professor should be 
required reading for every literate man and woman. Too long 
man has ignored a basic teaching of nature. He has taken the 
easy and near sighted view, yes even the selfish vie w^ A selfless 
deed is one that will leave this world a better place in which to 
live. As parents, we jealously activate some responsibilities to 
our children. We desire for them better opportunities than we 
have in the pursuit of health, happiness and the finer things of 
life; and yet too often choose to ignore one aspect of this subject 
which may vitiate all others. 

place a male and female fruit fly in a stoppered bottle con- 
taining a bit of ripened banana and what happens? In a few days 
the bottle is filled wn'th flies, the banana is consumed and the 
flies die. This simple illustration teaches one inexorable natural 
law. If rate of reproduction outruns the resources to sustain it, 
only one thing can happen — disaster for the individuals and the 
species. If man is to climb higher and higher in the social scale 
of life or, put another way, approach nearer and nearer to the level 
we think the Creator intended, he must have a suitable environ- 
ment. Is such an environment possible in a country, bursting at 
the seams from population pre.ssure? 

Many wdll disagree with Dr. Sax's position, some on religious 
grounds, some for political reasons and others as a matter of 
expediency. I for one have never been able to reconcile the idea 
that there should be moral, religious or political discrimination 
in the natural law's w'e seek to manipulate as long as that 
manipulation is beneficial to man, present and future. On the 
contrary if man is aware of the natural laws, he wmuld be foolish, 




In the third year BQ plants pollinated by the recurrent 
parent also are outcrossed as male parents to a Gd2Gd^ 
tester stock. Pollen from heterozygous plants will produce 
fertile ears on the tester stock while pollen from homo- 
zygous ga ga plants will not fertilize the tester. On the 
basis of the outcross test, gd ga plants back crossed to the 
recurrent parent are discarded and plants whose pollen 
results in normal fertilization on the tester are assumed to 
be heterozygous for the Ga^ factor. Back crossed seed on 
ears of these plants is growm the following year. The same 
procedure for identifying Ga^ga md ga ga plants is used 
in following generations until the recovered lines are suffi- 
ciently like the recurrent parent. At this time the plants 
are selfed and also outcrossed to the tester. 


In order to isolate homozygous progeny from the seifed 
heterozygous plant, a rather simple scheme is used which 
avoids the need of testing progeny of Sj plants. Ten to 15 
S, plants are pollinated by a purple aleurone stock of ga ga 
constitution. On the following day the plants are selfed. 
In general, plants of Gcfga or ga ga genotype have all or a 
considerable number of purple kernels. Plants of Ga^Ga^ 
genotype have no purple kernels or only a few near the tip 
of the ear, the remainder being of normal color. 

Although this method has been used only in transferring 
dent incompatibility to popcorn lines, the same principle 
and techniques wouki be applicable in transferring dent- 
incompatability to selected dent corn inbreds, such as w'axy 
endosperm, to avoid contamination with normal-starch lines 
in crossing plots and in commercial waxy corn ffelds.— -■ 
\XG\lter I. TnouASy Associate m Farm Crops, loiva State 
College, 


Reviews 


indeed, to di.sregarcl them. Nature maintains a balance among 
biological forms by "survival of the fittest". Man should be intel- 
ligent enough to avoid situations that will inevitably lead to just 
such a rigorous struggle among his own species. "Be fruitful and 
multiply" should never be interpi'eted to be overfruitful and die. 

No one can read Dr. Sax’s book and escape giving serious 
thought to a problem now acute in several countries and just over 
the horizon in others. To quote a Chinese proverb, "It is later 
than you think."' — R. J. Garber 

CORN AND CORN PRODUCTION 

Edited by George F. Sprague. Ft eu> York, Academic Press, Inc. 

699 pp. 19^2. $11 JO. 

This publication represents Vok V ol Agronomy, a series of 
Monographs prepared under the auspices of the American Society 
of Agronomy, and represents a noteworthy addition to the serie.s 
of publications already sponsored by the Society. 

There are 16 chapters, contributed by 14 different authors. The 
chapter headings and authors indicate the broad scope of treatment 
as follows: 

1. History and origin (P. Weathwax and L, F. Randolf); 
11. Vegetative morphology (J. E. Sass); HI, Structure and devel- 
opment of reproductive organs (Weatherwax); IV. The cytoge- 
netics of maize (M. M, Rhoades). 

V. Corn breeding (G* F. Sprague); VI. Mineral nutrition of 
corn (J. D. Sayre). 

VII. Climatic requirements (R. H. Shaw); VUE Corn cul- 
ture (G. H. Stringfield). . 

IX. Production of hybrid seed corn (J. M. Airy); X. Popcorn 
(A. M. Brunson); XI. Sweet corn (G, M. Smith); XII. DLs- 
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eases of torn (A. I. Ullstrup); XIII. The most important corn 
insects (F. F. Dicke); XIV. Industrial utilization (G. F. 
Si-TiAGUE); XV. The nutritive value of corn Schneideu ) ; 

and XVL The world production of corn (G. F. Sprague}. 

Each chapter includes a substantial list of literature citations. 
The prime emphasis has been placed on conditions and develop- 
ments within the United States of America in an attempt to 
restrict coverage to the area where research on corn has received 
the greatest emphasis. Information from other parts of the world 
largely has been omitted in order to keep the size of the volume 
within reasonable limits. , 

Eight of the contributors are members ot the Agricultural Re- 
search Service, U.S.D.A. The chapter on production of hybrid seed 
corn, significantly, was prepared by the production manager of a 
large seed company in Iowa and is based on hard, practical experi- 
ence. It is certainly true that in many parts of the world, as it was 
in the 1I.S.A,, the potential contributions that hybrid corn may 
be able to make will be depend upon success in develaping work- 
able plans and procedures for seed production, processing and 
marketing. .. . 

As recognized by the editor it is difiicuit to obtain unifomiity 
of treatment, especially when co-ordination could be accomplished 
only by correspondence. Another editor may have chosen a some- 
what different array of topics and emphasized some aspects more 
than has been done in this volume. Allowing for difterences id 
opinion in the.se respects, this volume is a well balanced coverage 
of the maize plant and its use as a farm crop in the three broad 
cHvisions of breeding, productidn, and utilization. 

This Monograph provides workers everywhere with a distilla- 
tion of knowledge and experience that may be expected to exercise 
a marked stimulating influence in all aspects of research concern- 
ing the maize plant. In those chapters w’here they .serve a useful 
purpose, illustrations have been freely used. 

The editor and his co-authors are to be warmly congratulated. 
The publisher also has maintained a high standard of production. 
This monograph is confidently recommended to all who have an 
interest in corn and corn production.— -N. P. .Neal. 

MICROBIOLOGY, AN INTRODUCTION 

By ErfiesrGra}^ Hetv York, PhHosopiikal Uhrary, inc, 11} pp. 

' (} by 7 in.) iilNS. 19 ^ 5 . 

This compact, littl e vol u me gives the student or general reader 
a simple introduction to microbiology. In all respects, it carries 
out its purpose most competently. It is intended to provide a foun- 
dation for students who intend to specialize in one of the many 
specialized fields of microbiology. Not radically different from 
most standard introductory^ texts, this volume has the following 
1 1 chapters: biology of micro-organisms; culture and contnd of 
microorganisms; the host-parasite relationship of cells; the viruse.s; 
the bacteria; yeasts, moulds, and fungi; algae; protozoa; soil micro- 
biology; microbiology of inland \vaters and the sea; and applied 
microbiology. 

The discussion on soil microbiology covers soil bacteria, the 
nitrogen cycle, non-symbiotic nitrogen-fixing bacteria; symbiotic 
nitrogen fixation, .soil fungi, soil algae, and the influence of soil 
treatments on microbiological populations. 'ITe chapter on applied 
microbiology discus.ses the various actions in food spoilage and 
presen-’ation, brewing, wine making, silage fermentation, and flax 
■ retting. ■ 

The author is chief bacteriologist of Bayer's Biological Institute, 
Exning, England. 

SOIL WARMING BY ELECTRICITY 

By R. H. Coombes, Netv York, The Philosphicrt! Library. 116 pp. 
(} by 7 in.) 12 pp. Hlus. 19}}. $4J}^ 

With the great strides in rural electrification during the past 
23 years, farmers have revolutionized many of their major opera- 
tions. One of the more recent electrical applications, introduced 
during World War 11, is electric heating cable to warm the .soil 
in green house seed beds and outdoor frames. Its use enables the 
farmer or nurseryman to get earlier start wdth .seedlings than the 
seasonal cycle permits and often to get an additional crop. Its use 


is not limited to commercial growers, but is widely used, at least 
in the United States, by home gardeners. 

This book gives instructions on the installation of high and low 
voltage systems, the operation, and general use of the cables. The 
economic.s of .soil wanning is also disemssed, and the author points 
out the removal of additional soil nutrients from plots by the 
extra burden made possible through the use of wanning cable 
necessitate.s closer attention to the maintenance of soil fertility. 

The second half of the book is devoted to cultural practice.s 
recommended in conjunction with soil warming for various fruits, 
\egetables, and flowers. The possibilities of using the^soil warming 
technique are also discu.ssed for such as yet untried fields as grape 
culture, mushrooms, peache.s and nectarine.s, rhubarb, .soybeans, 
groundnuts, and pineapple. 

ANNUAL REPORT OF EAST MALLING RESEARCH 
STATION 

'fbe Ken/ hiforpurated Society for Promoting ■ Experi'ments- in 
hhniiciillnrv. East .Mailing. Maidstone,. Kent, England, 
no pp. ilins. 1934. 1.2 shillings .6 pence. 

This annual report issued during the past sumnier covers the 
period of Oct. 1, 1933 to Sept, 30. 1934. The first two parts sur- 
vey the management of the experimental farm, the crops har- 
vested, and research ce)ndycted during the report period. Twenty- 
four papers are included in the third part dealingwith rootstocks, 
propagation, incompatability, black currant varieties and pruning, 
frost incidence, pot culture of apples under glass, growth inhibitors, 
virus diseases, fungicides, and other topics. 1'he report i.s avail- 
able at the above price from the Secretary, Hast Mailing Research 
Station, near .Maidstt^ne, .Ketit, England. 

THE AGRICliLTURAL REGIONS OF THE UNITED STATES 

By Ladd Haystvad and Gilbert C. fit. Norman, Okla. The ' ' ■ 
University of Oklahoma Press. 2HB pp, Him. t9}}.'S}.00.' , 

An Oklahoma university history professor and an agricultural 
agent for the Standard Oil Co. have collaborated on this popular 
presentation of U. S. agricultural statistics. As the title indicates, 
the book is divided intc> 12 main chapters, each dealing wdth a 
more or less distinct geographical-agricultural region of the coun- 
try. The great wealth and diversity of American agriculture is 
easily taken for granted. Ordinarily the average citizen can begin 
to appreciate its great diversity and wealth only by vi.siting each 
region, or by reading such an informative discussion as thi.s. The 
authors possess a detailt'd knowledge the agricultural develop- 
ment of the United States, and relate the majtu' jM'oblems that each 
of the regitms have faced: thi>,se of Ne'u= England ami the Deep 
South sliould be of particular interest to readers outside those areas 
where farm problems have been of a different nature and scope. 
I'he book is well tlocumented with statistics from the U. S. Ciensus 
of Agriculture, and it is to the- authors' credit that they have con- 
verted statistics into a story that has both ctdor and impact. Its 
weakness lie.s in tlie impression a reader is likely to get that much 
of the wealth and scope of X\ S. agriculture "just happened. ’ 
bince the hot>k is not primarily a history of U. S, agriculture, this 
is not a great .shmtconiing, 'Ehis book could serve well as a 
valuable aid to those \sho tell the story cif agriculture to the 
U, S. and world-wide public. 

AMERICAN POTATO YEARBOOK 

C. S. Aiacfarland Jr.. Ed. and Pub. W\ si field, N, J. 

H4 pp. 19}}. $2.00. 

The 1953 edition of the American Potato Yearbook contains. 
8 i pages of useful information to the potato grower, shipper, 
jobber, and research speciali,st. it contains a current list of references 
to potato culture in the United States and Canada, and informa- 
tion on U. S. standards for potatoes. A new feature is the 1955 
Onion Supplement wdth recently published articles on onions, 
leading producing areas, and other information. The Yearbook 
al.so tells wdiere to get bulletins and leaflets on all phases of the 
potato industry,. 
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Johnson 


Thorne 


Norman 


Kramer 


Pictured above are the new officers of the American Society of Agronomy, Crop Science Society of America, and 
Soil Science Society of America. Left to right: L J. Johnson, Iowa State College, president, ASA; G. O. Mott, Pur- 
due University, president, CSS A; D. E. Thorne, Utah State Agricultural College, president, SSSA; A. G. Norman, 
University of Michigan, vice president, ASA; Herbert Kramer, Purdue University, vice president, CSSA; and L. B. 
Nelson, USDA, Beltsville, Md., vice president, SSSA. Past presidents of the Societies are G, G. Pohlman, West 
Virginia University, ASA; M. B. Russell, University of Illinois, SSSA; and G. H. Stringfield, Ohio Agricultural 
Experiment Station, Wooster, CSSA. 


MKETiNGS 

Oct. National Clay Minerals Conference, Pennsylvania 

State University. 

Oct. 16-19, Society of American Foresters, Portland, Ore. 

Oct. 18-20, Entomological Society of Canada, Fredericton, Ne^^ 
Brunswick. 

Oct. 24-26, National Conference of Standards, Washington, 

■ ■ D. CV , . . 

Nov. 6-12, International Crop Improvement Association, Win- 
ter Haven, Fla, 

Dec. 26-31, American Association for the Advancement of 
Science, Atlanta, Ga. 


DONALD HANWA^'^ HEADS NEBRASKA DEPARTMENT 

Donald Grant Hanway was appointed chairman of the Uni- 
versity of Nebraska agronomy department on Aug. 5. 

Dr. Hanway received the B.Sc. degree with distinction from 
Nebraska in 1942, the M.Sc. in 1948, and the Ph.D. from Iowa 
State College in 1954. He was born on a 
farm in western Nebraska in 1918, and 
taught in the rural sch()t)ls of Morrill 
County h)r year.s. In World War 11 he 
served in the Army Air Force Radar Main- f 
tenance with the rank of captain, ^ I 

A member of the agronomy staff at 
Nebraska since 1947, Dr. Hanway holds ^ \ ^ 
membership in Alpha Zeta, Gamma Sigma 
Delta, Sigma Xi, Phi Kappa Phi and Phi 
Beta Kappa. He was faculty sponsor of the ’ 

Nebraska Agronomy Club which was se- . 

lected as the outstanding Agronomy Club { A 

of the nation in 1953 by the American So- V '''' ^ 

ciety of Agronomy, and is considered an D. G. Hanway 

outstanding student leader and adviser. He 

is the leader of the Soybean Project in the Nebraska Agricultural 

Experiment Station. 

He replaces F, D. Keim who has been temporary chairman since 
April 15 when E. F. Frolik, the former chairman since 1952, was 
appointed associate director of the experiment station. 


SOCIETIES HAVE SUCCESSFUL CALIFORNIA MEETING 


The 47th annual meeting of the American Society of Agronomy 
drew 1,077 officially registered delegates to the University of 
California campus at Davis Aug. 15-19, More than 600 students, 
press representatives, special guests, and wives and children 
increased the over-all attendance to one of the highest for a 
Society meeting. 

In addition to the general business meetings of the American 
Society of Agronomy, Soil Science Society of America, Crop Science 


ANNUAL MEETING REPORTS WILL BE PUBLISHED 
IN THE DECEMBER ISSUE 

The December issue of the Agronomy Joimid will pub- 
lish a complete report of the X955 meetings of the Ameri- 
can Society of Agronomy. Included will be central office 
reports, minutes of the general meetings, and all commit- 
tee and representative reports of the ASA and the Crop 
Science Society of America. Similar reports for the Soil 
Science Society of America will appear in the January 1956 
issue of SSSA Proceedings, 


Society of America, the Agronomic Education Division, and the 
divisional sessions, tours were conducted to the alfalfa seed pro- 
ducing areas of California, the agronomy farms, the irrigation 
demonstration fields, and the Coastal Range area. 

A report of the Societies' officer elections announced during 
the meeting appears elsewhere on this page. New divisional vice 
chairmen elected during the meeting are as follows: 

Division I, soil physics, R. D. Miller, Cornell Univ.; Div, IL 
soil chemistry, C, A. Bower, USDA, Riverside, Calif.; Div. Ill, 
microbiology, G, D. Thornton, Llniv. of Florida; Div. IV, fer- 
tility, A. H. Oh LROGGE, Purdue Univ.; Div. IV-A, organic soils, 
A. E, Kretschmer, LIniv. of Florida; Div. IV-B, plant nutrients. 
A. H. Bower, Swift & Co., Chicago; Div. V, clas.sihcation, F. G. 
Westin, South Dakota Agr. ColL; Div. V~A, Forest soils, S. P. 
Gessel, Univ. of Washington; Div. VI, conservation, J. R, John- 
ston, USDA, Amarillo, Tex.; Div. VII, genetics and cytology, 
J. Ritchie Cowan, Oregon State ColL; Div. VIII, physiology and 
ecology, R. E. Wagner, LISDA, Beltsville, Md.; Div. IX, crop 
production and management, Kling Anderson, Univ. of Kan.sas; 
Div. X, seed production, and technology, F. G. Parsons. Univ. 
of California, Davis; Div. XL turfgrass management. Gene Nut- 
ter, Univ. of Florida; Div. XII, weeds and weed control, Glenn 
Klingman, North Carolina State ColL; and Div. XIII, agronomic 
education, Harold E. Jones, Univ. of Minnesota. 


ICIA MEETS IN FLORIDA NOV. 6-12 


The International Crop Improvement Association will hold its 
1955 meeting Nov. 6-12 at Winter Haven, Fla. The tentative- 
program is as follows: 

Trip to Cypress Gardens, Sunday, Nov. 6; agricultural tour of 
Winter Haven area, Monday, Nov. 7; committee growers, and 
directors’ meetings, Tuesday, Nov. 8; commodity committee meet- 
ings, Wednesday, Nov, 9; general program, Nov. 10, 9 a.m., and 
annual banquet 7 p.m.; annual business meeting, Nov. 11; trip to 
Silver Springs, Nov. 12. 

Room reservations should be made with Harry Carroll, Haven 
Hotel, Winter Haven, Fla. 



agronomy JOURNAL 


Don Force 


Dean Swedlund 


Charles Murphy 


ames 


Donald Faulkner 


CORNELL STUDENT WINS ESSAY CONTEST 




Donald M. Faulknbii, Cornell university student from RicN 
mond, Va., wtm first place in the annual essay contest sponsored 
by the American Society of Agtxmomye Tky 10 winners in the 
195*) contest were announced at the- annual banquet of the 
American Society of Agronomy Aug. 17 in Davis, Calif. 

Second and third place winners are Chaiujis F. Mihu^hy, Iowa 
State College student from Ames, Iowa, and Dean L. Swedlund, 
also of Iowa State College, whose home is in Stratford, Iowa. 

Other winners in order of their placement are William R. 
DuFFEiq Ada, Okk., Oklahoma AcS:M Cod.; Don W. Forcl, 
Gillette, Wyo., Univ. of Wyoming; David W. James, Logan, 
Utah, Utah State Agr. Coll; Ddkald C. Peterson. Kansas State 
Coll., Manhattan; Bruce W, Gone, Willow Springs, III., IJniv. 
of Illinois; Jack Lilster, Riverton, Wyo., Univ. of Wyoming: 
and Luther’ H. Robinson, Jr., Lyons, N. Y., Cornell Univ. 

From award money donated by the American Potash Institute, 
the three top winners attending the meeting each^ receive $50 
toward their meeting expenses. They also receive $25 each for 
publishing their essays in W"H ATS NEW IN CROPS AND 
SOILS. The nex’t three winners each receive $15.00, and ad 10 
winners each receive a subscription to WHAT’S NEW IN CROPS 
AND SOILS., ■, 


FOUR WIN MEMBERSHIP DRIVE AWARDS 
Four members of the American Society of Agronomy, one from 
each regional branch, have received a S 50 U. S. savings bcind 
each for obtainingThe highest number of newd active memberships 
in their branch. A total of 39 new niembers vvere solicited in tlie 
membership dnw during the past summer. Winners of the bonds 
are: S. M. Raleigh, Pennsyhania State University; H. D. Foth, 
d'exas A. & M. College, now of Michigan State University; F. P. 
Gardner, Ohio State University, and R. H. Danielson. Colorado 
A and M College. 


MICHIGAN HONORS C E. KELLOGG 
Charles E. Kellogg, assi.stant administrator for Soil Survey. 
USDA SCS, since 193-4, received an award for distinguished serv- 
ice from Michigan State I'nivefsity on Aug, 19. on the occa.sion 
of the university’s centennial anniversary. 

The citation accompanying the award reads, in part: 
"Throughout your long and distinguished career as a soil scien- 
tist, you have labored effectively to beneht mankind the world 
over by furthering the knowledge: and use of the soil." 

Dr. Kellogg received his B.S. degree from Michigan State in 
1925 and the Ph.D, degree in 1929. He was on the staff of the 
University of Wisconsin and of North Dakota Agricultural Col- 
lege before coming to the USDA in 193d. 


MICHIGAN STUDENT DIES 
Kenneth M. Cooper, graduate student in .soil science in Mich- 
igan State University, died July 23, 1955 in a Reed City, Mich., 
hospital from injuries received in an automobile accident. 

^ M was born May 15, 1932 at Floyd, N. Mex, In 195-1 

he received a, B.S. degree, with honors, in chemistry from Eastern 
New Mexico University. He had completed most of the require- 
ments for the M, S. degree. 

His major interest was in soil genesis and classification. At the 
time of his death, he was employed by the Michigan State Con- 
servation Departinent in making a cooperative soil survey of 
Osceola County, Mich. . 


CHARLES A. HELM OF MISSOURI I9IFS 


Charles A. Helm, professor of field crops at the University 
of Mi.ssouri, died of a lieart attack on July .2 1. He had been 
appointed chairman of tlie field crops department ant! would have 
assumed that office Sept. 1, when W. C, Etheridge retired. M, S. 
Ofeut has been appointed department chairman. 

Prof. Helm was horn at Sheldon, Mt>.. in 18S9. He received 
the B.S. degree from the Uoiversity Tf Missouri and the M.S. 
degree frofu the I’niversity of Nebraska. He returned to Missouri 
fallowing graduate studies in 1916 and was in the farm crops 
department until fiis death. 

Prof. Fid ni served as secixtary of the Missouri Crop Improve- 
nient Association, and director to the InteriKitional Crop Improve- 
ment Association since the early 193?Ls. At the time of his death, 
he \vas chairman of the cotton committee and a member of other 
ICIA committees. 
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RUSSIANS VISIT IOWA AGRONOMY FARM 


BRYCE GRAY DIES IN MICHIGAN 

Brych C. Gray, former graduate student of Ohio State Uni- 
versity, died lifter a short illness at Detroit Mich., on May 9 . 1955. 

He was ^born near Detroit on Aug, 13. 1928, He mxdved a 
Bachelor of Science degree^ from Michigan State College in 1950. 
Master of Science degree from the University of Massachusetts in 
1952, and the Doctor of Philosophy degree from Ohio State 
University in 1954. 

Dr, Gray’s graduate work was in agronomy in the field of Soil 
Chemistry and Plant Physiology. He had recently completed his 
Ph.D. dissertation on ‘*Factors Affecting Calcium-Boron Ratios in 
Plants”. Prior to his illness he had taken a position with the 
Agricultural Research Service, Beltsvilie, Md. 

G. W. DEMING DIES IN COLORADO 

G. Warren Demikg, U.S.D.A. agronomist in sugar plant 
investigations, died June 19, 1955 at Fort Collins, Colo. 

Mr. Doming c\ as born at Fleming, Ohio, RIarch 31, 1890, and 
was graduated from the University of Nebraska in 19 IS. He did 
post-graduate work at Colorado A & M College between 1921 
and 1930. In military service during \Vorid War I, he was mar- 
ried to the former Mis.s Clratia Horan of Fairmont, Nebr. in 1918. 
He is survived by three children. 

Mr. Deniing was on the staff of the Colorado Agricultural 
Experiment Station from 1921 to 1930 working in field crops. 
In 1931 he was appointed assistant agronomist for the U,S.D.A. 
in the office of sugar crops and beets at the Colorado Station. He 
is recognized for his work in selecting and purifying some 300 
inbred lines of sugar beets whidi are the basis of the beet breed- 
ing program conducted by the U.S.D.A, and commercial sugar 
companie.s. In tins field, he has done out. standing work. He was 
a member of the American Society of Agronomy and American 
Society of Sugar Beet Technologists. 

■ NEWS ITEMS' 

Robert H. Engle has been on an FO A assignment since June 
us fertilizer adviser to the Indian government. In April, he retired 



Iowa State CoUese Photo 


Iowa State College was one of the first major stops on the 
itinerary of the Russian agricultural re.search and administrative 
personnel who toured U. S. farm areas in August. Shown above i.s 
a small group of the visitors with Iowa State College personnel 
on a tour of the college agronomy farm. Left to right, C. P. 
WiLsiE. Iowa State forage crop.s breeder; Floyd Andre, Iowa 
State dean of agriculture; Roy Kottman, Iowa State a.s.sociate 
Jean of agriculture; and four unidentified Russians. 


from the National Fertiliz.er Association after seizing as agronomist 
and director of visual aids for 17 years. 



R. A. SCHWAKTZBECK joined the Texas Agricultural Experiment 
Station staff' July 1 as assi.stant agronomist at the Winter Haven 
station. Fie received his B.S. and M.S. degrees from the University 
of Wisconsin. 


POTASH IN THE SOIL 

While total analysis of the soil reveals our total plant-food assets, this 
information is of limited value. Of far greater importance is a knowledge of 
what in the soil will be available to a crop within the next year or two. This 
is particularly important when dealing with a n utrient such as potash where 
large amounts of highly unavailable compounds may be present. Modern soil 
science is disclosing means of estimating the more available forms of potash, 
forms which are of much more practical value and significance in making 
fertilizer recommendations. 

AMERICAN POTASH INSTITUTE, INC. 

1102 Sixteenth St., N. W. Washington 6, D. C. 

Member Companies: American Potash & Chemical Corporation ® Duval Sulphur & 

Potash Company ® Potash Company of America ® Southwest 
Potash Corporation ® United States Potash Company 





J, K, Le AS u RE, associate wot essor and associate agronomist at 
the University of Tennessee, Knoxville, resigned July 1, 1955 to 
accept a position as head of the Herbicide Research Section at 
the Dow Chemical Co. research laboratory in Midland, Mich. 

5 Boyd R. Churchiel of the Michigan State University depart- 

^ ment of farm crops was selected as recipient of the 1955 Distim 

‘ ; guished Teacher's Award for the School of Agriculture and for the 

entire Michigan State University. This award consisted of a cita- 
tion, a gold medal, a wrist watch and a |500 check. 

I! ' -U ■ ■ . ' ‘ ^ — ' 

c E. J. Wheeler has returned to East Lansing, Mich, from the 

' University of Ryukus, Okinawa, where he headed the Michigan 

State University mission to that university. Prof. Wheeler Tvill re- 
sume his responsibilities in potato breeding and variety’' evaluation. 

H. R. Pettigrove is in Medellin, Columbia, S. A., from June 1, 
1955 to July 1, 1957 as a member of the Michigan State Univer- 
sity mission to Columbia. Prof. Pettigrove is establishing a farm 
crops curriculum at the university. He will return on July 1, 1957. 
William F. Hueg, Jr. has joined the staff of the Department 

Farm Crops of Michigan State University us an instmctor. He 
; has been at Alfred University, Alfred, N. Y., and will assume 

teaching responsibilities during Prof. Pettigrove’s absence and 
will work toward the Ph.D. degree. 

|r- _A„ 

' Sterling B. Weed became assistant professor in agronomy at 

' Cornell University Aug, 10. He received his Ph.D. at North 

Carolina State College in June, 1955, and will teach elementary 
i soils and act as undergraduate student advisor in Soils. 

y On July 1, 1955, Extemsion Soil Conservationists, H. M. WiL- 

■! SON and Harry' Kerr, were transferred from the Office of the 

h Director of Extension to the Department of Agromuny at Cornell 

'■ Universitv. They are now part of the Agronomy Extension unit. 

■ a_ ■ • 

The Agronomy Department at Cornell University has initiated 
a comprehensive research program on nitrogen fertilisers, their 
behavior in the soil, and field applications, under a grant from 
; the Sun Oil Co. Four new staff members added to assist with the 

research arer 

H. F, Kreizinger who completed his Ph.D. from Cornell Uni- 
versit)’’ in July, 1955 and has been appointed assistant professor 
I ; to assist with field work on the effect of various nitrogen sources 

i ^ on the yield of field crops. 

R. J. Marrhse -who received his M.S. degree from Cornell in 
■: June, 1955 and is now research associate with responsibility for 

‘ field experiments on the response of forage crops to nitrogen 

n fertilization. 

John Clark from the Canadian Department of Agriculture 
who will become assistant professor to conduct research on reac- 
J: tions of nitrogenous and phosphate fertilizers with .soil. 

•’ Lawrence G. Morrill formerly of Utah State, who assumed 

; dutie.s as research associate on Sept. 1 5 to conduct research on the 

! factors affecting the rate of nitrification in soils. 

j [ Gordon W. Arnold, University of Wyoming agronomist, has 

' been named home staff coordinator of the Afghan program at the 

i ; University. Mr. and Mrs. Arnold returned recently to Laramie 

; i after a 6-month stay in Kabul, Afganistan, where he had served 

as research agronomist at the Kabul Central Experiment Station. 


It 



T. H. GooddiKG, who retired in July from the University of 
Nebraska’s agronomy department is now with the University of 
Nebraska Faculty in Turkey. Under an ICA contract agreement 
between the University of Nebraska and Ankara University, he 
will have teaching and advisory duties in agronomy. He will also 
help select those who will come to the United States for training, 
and will aid in planning the proposed new Ataturk University in 
eastern Turkey, 

A_ 

The following promotions are announced in the Iowa State 
College agronomy department: W, V, Bartholomew, Darrel 
M inXAiJTv and Wavnil Sgholtes, to the rank of professor; John 
Hanway and Wilbert A. Russell, to associate professor; and 
Robert Prill to assistant professor, 

_A._. . ■ : 

H. P. Cooper, professor of agronomy at South Carolina Agri- 
cultural College, Clemson, was one of three agricultural leaders 
of the state recognized at the college’s Farm and Home Week in 
August. An agronomist and soil scientist, he was director of the 
South Carolina Agricultural Ex[u-rirnent Station for 17 years. 

PERSONNEL SimVICE 

The Personnel Service column is pitnided without charge to 
American Society of Agronomy and Soil Science Society of America 
members. For all others, a charge of S2.U0 is made. Insertions are 
limited to 100 \s'ords, and should be submitted in duplicate. An 
item will be inserted one rime only, but uil) be given a key num- 
ber which will be carric'd for five additional insertions unless 
u discontinue order is received. Items pertaining to soil positions 
will be inserted one time in the 5u/7 ScAoiCt Sfichty of Amtrkif 
Prtn't’i.kh^g\ unless otherwise specified. The following insertions, 
published in earlier issues, are still available: 4-1, d-2, 4-3, 
6-1, -7-2, ■ 7---3V '■ ^ 

. ' ■ ' A ■ . 

POSITIONS WANTED . 

Soils and crops .scientist, D.Sc. in Agr., with .European de- 
grees, graduate studies in U. S., 3ti years of practice in Europe, 
U. S. and tropical and subtropical South America (teaching, 
research, land utilization, crop production, farm planning and 
operation), 65 major publications on own original research, 
seeks college- research or/and teaching position. Accepts com- 
paratively low salary, having own means, merely aiming to 
devote his remaining years to promulgation of hi.s knowledge 
derived frtim exceptionally exteiisixe research work and broad 
experience. 9-1. 

. A_ / 

SOIL SCIENTIST, llS. 1953, soil coaseivatiim and agn>nomv, 
M.S. degree, 1952, scjil physics and agrtmomy, Ohio State Univ., 
seeks position in design, devehipment, research or sales pro- 
motion, in soils, irrigation, or soil and water field with industry 
or public agency; willing to travel moderateiv. Limited farm 
experience, tool designer, 3 years; i.ivil engineering. 2 years; 
soils mechanic, 4 months; soil physics research, 2 years; i year 
post-graduate study; age 32, no disability, married. Available 
tvn about 1 month's notice. Salary, open, 9-2. 

■ 4 , „A,_. ' ' 

Microbiologist, Ph.D., wishes position with opportunity Of 
do research. Research experience un symbiotic nitrogen fixing 
organisms, microflora of forage crops, and microbio logv ot 
grass silage. Also teaching experience. 9-5* 
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POTASH IN THE SOIL 


While total analysis of the soil reveals our total plant-food assets, this 
information is of limited value. Of far greater importance is a knowledge of 
what in the soil will be available to a crop within the next year or two. This 
is particularly important when dealing with a nutrient such as potash where 
large amounts of highly unavailable compounds may be present. Modern soil 
science is disclosing means of estimating the more available forms of potash, 
forms which are of much more practical value and significance in making 
fertilizer recommendations. 
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POTASH IN THE SOIL 


While total analysis of the soil teveals our total plant-food assets, this 
information is of limited value. Of far greater importance is a knowledge of 
what in the soil will be available to a crop within the next year or two. This 
is particularly important when dealing with a nutrient such as potash where 
large amounts of highly unavailable compounds may be present. Modern soil 
science is disclosing means of estimating the more available forms of potash, 
forms which are of much more practical value and significanGe in making 
fertilizer recommendations. ^ 
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The Hills of Home' 

G. G. Pohiman- 


T he growth, development, and prosperity of our nation 
have resulted from the ingenuity of the people in mak- 
ing rise of the store of natural resources bestowed so 
abundantly by nature. Each and every part of our nation 
has had a share in making it great. 

Two years ago Myers (3) gave us an interesting account 
of the role played by the Great Plains in our development. 
Today, I should like to call to your attention some of the 
contributions from a part of the Appalachian area, that 
part where the sedimentary rocks are still exposed. This 
area is outlined in figure 1. 

Millions of years ago, geologic erosion from a land mass 
to the east brought sediments into the area, which was 
then a shallow sea. Heat, pressure, and chemical reactions 
combined to cement the sedmients together into sandstones, 
shales, and limestones. Alternate deposition, uplift, fold- 
ing, and erosion occurred over a period of several hundred 
years (figure 2). 

During the early period of deposition (Cambrian 
Period), relatively simple forms of marine life constituted 
the principal life in the area. These became more abundant 
and complex with each new deposition. Plants adapted to 
land or shallow water appeared. During the latter part of 
the Paleozoic era, climax forests of Pteridophytes and 
Pteridosperms developed in the low-lying swampy area. 
Their partially decayed remains have given rise to the vast 
coal deposits found in the area. 

A few million years ago the rocks were exposed perma- 
nent! y and the final stage of development of soils and 
topography was started. Then glaciers swept down from 
the north and covered much of the northern part of the 
region, leaving only remnants of the residual materials 
exposed. Unconsolidated sediments from the ocean were 
carried in to cover the southern part of the area leaving 
the- central part exposed. The central part of the area is 
shown in figure 1. 

At about the close of the Paleozoic or the beginning of 
the Mesozoic era, w^hen the regiGn was lifted above sea 
level for the last time, conditions became unfavorable for 
the marsh- loving flora and many of them disappeared. In 
their place came the newly evolved angiosperms from the 
south. Further uplift of the area caused these tropical 
species to migrate to the newly emerged coastal plain leav- 
ing only relict colonies in the Appalachians. Species from 
the north (arctotertiary forests) came down to take over 
as the principal forms. Changing climatic conditions, espe- 
cially during the glacial periods, caused several migrations 
of vegetative types. At the end of the glacial age, the vege- 
tation appears to have been stabilized with a dominant 

^ Presidential address delivered before the American Society of 
Agronomy, Aug. 17, 1955, Davis, Calif. 

® President, American Society of Agronomy and Head, Depart- 
ment of Agronomy and Genetics, West Virginia University, Mor- 
gantown, W. Va, 


cover of hardwood types but with some conifers in parts 
of the region. This was the condition when our fore- 
fathers first visited the area. 

The climate of the area, primarily classed as Continental, 
is strongly influenced by both latitude and elevation. The 
area has a range in latitude of somewhat more than 7 
Elevations range from about 250 to 5,000 feet above sea 
level. Growing season varies from about 130 to 200 days. 
Within a short distance, growing seasons may vary consid- 
erably because of elevation. 

Rainfall varies from somewhat less than 30 inches to 
more than 60 inches a year, with low rainfall usually 
occurring east of the mountains and high rainfall at the 
high elevations in the mountains. On the average, rainfall 
is fairly uniformly distributed throughout the year but 
periods of summer drought of sufficient duration to affect 
plant growth often occur. 

The hills and forests break the force of the wind to the 
extent that cyclones, tornadoes, and violent windstorms 
occur rarely. However, the hilly topography does encour- 
age air movement so that sultry days without a breeze are 
rare. 

SOILS' „ 

Under the relatively cool, humid climate and the native 
vegetation of chestnut, oak, pine, yellow poplar, and north- 
eastern hardwoods and conifers, podzolizatibn has been 
the dominant soil forming process. Podzols occur at the 
higher elevations in the northern part of the area. In areas 
where podzoiization was less intense, brown podzolic, gray 
brown podzolic and red and yellow podzolic soils were 
formed. During soil development, the lime was soon 
leached from the sandstone and shales and even from the 
limestone parent materials , As a result, a large majority 
of the soils are strongly acid. 

The hilly to steep topography of much of the area 
greatly influenced soil development. In some places, geo- 
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Fig. 1 . — area of non-glaciated Appalachian sedimentary rocks. 
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logic erosion kepU pace with soil fonmdon, and rocky 
pinnaciesS stretch upward toward the sky. On most of the 
iiiiis, erosion limited the depth of soil and soil material 
As a result, parent material strongly influences the soils. 
The parent materials were low in phosphorus and the 
resulting soils respond w^ell to phosphate fertilizers. Potash 
in the parent material was quite variable. The supply In 
tlie soil is particularly low on the more level areas which 
have been most highly leached and which have also been 
heavily cropped. Other nutrients are usually not deficient 
in the type of farming practiced although magnesium, 
boron, molybdenum, and other deficiencies have been 
noted, 

EROSION 

Erosion is always a problem when man disturbs the 
natural cover of an area. Geologic erosion played a large 
part in shaping the hills and valleys. It is still taking 
place. Accelerated erosion, started in the clearings and 
burnings by Indians, speeded up as man increased the 
size of clearings to supply his need.s. The soils, well sup- 
plied with organic matter from the luxuriant forests and 
having a favorable structure, absorbed water readily, and 
despite the cropping systems used on relatively steep hills, 
erosion was not immediately a serious problem. As con- 
tinued tillage depleted both the organic matter siippiy and 
available nutrients and as the soil structure deteriorated, 
erosion became more serious. However, because of the 


nature of the soil and the parent material beneath it, it 
is recognized that more intensive use of sloping land is 
possible than in many areas. In the slope designations used, 
39c is eonsidered the maximum for A slope, 8 to 10% 
the maximum for B slope, and 15 to 20% the maximum 
for G slope. These are the slopes used for class 1, 2, and 
3 land, respectively, provided all other conditions are 
favorable. Land for pasture may have a slope up to 30 
to 40% depending on the soil. 

On the relatively shallow soils, the loss of a few inches 
of soil is serious. But with proper attention to erosion 
control practices and with nature providing cover, if we 
cooperate, the land can be conserved for the future. 

EARLY INHABITANTS . 

As far as can be determiiied, the Mound Builders were 
the first inhabitants of the area. Although their greatest 
concentration appears to have been in the upper Missis- 
sippi Valley, there are a number of inounds on the terraces 
along the Ohio River and its tributaries. One of the larger 
mounds, 900 feet in circuniference and 70 feet high, is 
located at Moiindsville, W. Va. The origin of the Mound 
Builders is veiled in mystery. It seems certain they came 
before the American Indian— but how long before is a 
matter of conjectufe. The size of the mounds indicates that 
labor was plentiful. The presence of corn, beans, and 
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Fig, 2. — sketch of the geological formation of the area. (Courtesy West Virginia Geological Survey) 





POHLMAN: THE HILLS OF HOME 


other grains in the mounds shows at least a primitive 
type of agricuiture, the first of which there is any record 
in the area. 

The next evidence of occupancy was by the Indians. 
They may have followed the Mound Builders directly or 
there may have been an interval of unknown duration. For 
the most part the Indians lived on the fringes of the 
area— the Iroquois in the north and the Mingoes and Dele- 
wares in the west. The mountainous area was nominally 
held by the Iroquois but was primarily used as a hunting 
and fishing area. There were almost no evidences of per- 
manent settlements in the mountains. However, there is 
ample evidence of encampments and Indian trails through 
the area. The forest growth w^as so denk that food lim- 
ited the supply of game. Burning seems to have been preva- 
lent but was confined to small areas. Whether accidental 
or intentional, it provided openings for wild life food. 
As a result, the area was able to support a larger popula- 
tion of deer, buffalo, and other game. Burned areas were 
usually soon reforested but may account for the small accu- 
mulation of forest litter noted in some areas. 

MINERAL RESOURCES 

The West Virginia Geologic Survey lists 42 minerals 
and naturally occurring materials in West Virginia. Many 
of these occur in relatively small quantities and have not 
been utilized. A few of the more important ones in the 
area will be mentioned here. 

Since its discovery in Penn.sylvania about the middle of 
the eighteenth century, coal has played an important role 
in the economy of the Appalachian area and of the nation. 
Its easy access and good quality have made this the major 
coal producing area in the country. Approximately tw^o 
thirds of the United States coal production comes from 
the Appalachians. Most of the coal comes from shallow 
mines. During World War I there was some strip mining. 
This was largely abandoned following the war but the 
need for coal and larger stripping machinery resulted in 
its revival on a larger scale during World 11. Problems of 
land reclamation resulting from strip mining will be men- 
tioned later. 

William Penn reported the discovery of iron ore deposits 
in 1683. The first iron works began operation 1716 
in Berks County, Pa. Iron production moved westward 
and was reported in southwestern Pennsylvania in 1789. 
The charcoal iron furnaces contributed much to the nation’s 
growth during the latter part of the 18th and first half 
of the 19th century. In fact, it was not until about 1880 
that the Appalachian area lost its lead in iron production. 
Its importance is indicated by the statement made by Dodge 
(2) in 1865 that "the plows and. automaton harvesters, 
which will hereafter garner the annual wealth of the west- 
tern prairies, may be transported to all those plains in ves- 
sels fabricated by the labor of West Virginia from her 
oak and iron, and the metal of those implements may there 
be mined, the ore heated by the adjacent strata of coal, 
the requisite flux from the same hill, and all compacted 
into a perfect machine . . The machine has come true 
but the development of the iron ore deposits in the Lake 
Superior region, not then foreseen, altered the picture. 

Oil seeps were known to the Indians and recognized by 
the early settlers before the beginning of the 19th cen- 
tury. The first oil was collected from the surface of a 
creek or pond. The history of the oil development in Penn- 
sylvania is well known. From this it spread over much of 


the area and production reached its peak about 1891. Since 
then, production has declined but significant amounts of 
good quality oil are still being prbduced and drilling opera- 
tions are still in progress. 

Natural gas, associated with the oil deposits, was found 
by the early settlers in various parts of the area. Records 
of using gas in salt production date back to 1843. The 
supply served as the principal source for more than 50 
years, when .new deposits were found elsewhere. Produc- 
tion is still important, but the Appalachians no longer 
hold first rank in gas production. 

Salt licks were common congregating places for buffalo, 
deer, and man. The Indians were using salt brine to make 
salt in the Kanawha Valley before 1733. Salt was being 
produced in the same area on a commercial scale in 1797 
at the rate of 150 pounds per day. Early production was 
from salt springs. As the demand increased, men started 
digging for the source. Boring methods were crude at 
first. Credit for the development of drilling machinery 
later used in oil drilling goes to the Ruffner brothers who 
started drilling the first salt well in the Kanawha Valley 
in 1806. Salt production using modern methods is still 
important in the area. 

The limestone and certain of the sandstones and shales 
are also used, and mineral waters are abundant, serving 
as centers for health and vacation resorts. 

AGRICULTURAL DEVELOPMENT 

Soon after settlements were made along the coastal area 
of the United States, hardy explorers moved w^estward to 
explore the new continent. Just how long it took to reach 
the mountains or who was the first white man to penetrate 
the Appalachian forests is not recorded. The top of the 
mountains was reached about 1670 and Fort Duquesae 
was established in 1754. 

Settlement of the area was slow, considering its prox- 
imity to the east coast, and to the center of population 
then beginning to move westward. The mountainous ter- 
rain and rocky nature of some of the areas offered a greater 
challenge dian following trails through the areas. Early 
settlements were made in some of the wider valleys and 
plateaus along the trails. Most of the settlers moved on 
westward despite additional danger from Indians as more 
distant outposts were reached. But with each migration a 
few stayed and spread out from the trails. 

Undoubtedly there were about as many reasons for set- 
tling in the mountains as there were people settling. The 
rich forests, and clear rivers, and the beauty of the rugged 
terrain were undoubtedly factors, as well as the desire 
to settle down, which influences all of us at some time. 

Pioneer settlers in any area are a hardy lot. Those in the 
Appalachian area were no exception. In a land covered 
with timber they hewed out first a plot of ground for their 
dwellings and then land for cropping. Clearing virgin 
timber for crops was a slow, laborious process with the 
methods then available. Forests were plentiful and wood 
was a surplus commodity in the area. As a result, much 
of the timber was wasted or poorly used. Log buildings 
and rail fences were the rule. Most of the log buildings 
are no longer evident biit some of the fences are still 
maintained. 

According to present standards the pioneers were self 
sufficient, as they have been in. most areas. They produced 
most of the raw materials they needed, and sold or traded 
small surpluses . for other necessities and luxuries. Living 
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was not particularly different from that in other new settle- 
ments except that the hills and mountains made tillage 
a little more difficiilt, but In return gave a sense of peace 
and security. 

The type of clearing and the farm layout varied with 
topography. Where level bottomland was available, this 
was usually cleared first and the clearing continued part- 
way up the hill. Where streams had not developed bottom- 
land, clearings often started at the top of the hill and 
continued partway down the slope. Sometimes scattered 
clearings were made on benches On the hillside. In some 
cases clearings went from the top to the base of the slope. 

Regardless of how the land was cleared for use, general 
practice was to produce crops for harvest for several y<^ars, 
then retire to pasture those acres which were most diffi- 
cult to till. Some of the slopes used were too steep even for 
pasture but there was usually a plentiful supply of family 
labor and the virgin land produced good crops. With the 
range in soils and climate in the area, there was a wdde 
range in crops, from buckwheat in the north to cotton in 
the south. But corn and small grains soon predominated. 
The corn was followed by a small grain, commonly wheat, 
and then hay or in some cases back to corn if more grain 
was wanted. The grains were used for human consiimp- 
tion as well as feed for the livestock— hogs, chickens, 
cattle, and sheep-'--wliich furnished some of the family 
necessities. The surpluses of grains and livestock and jive- 
stock products were marketed. 

Although we do not think of the area as one of our 
major agricultural regions, farming was the principal occu- 
pation throughout most of the area. The hills with the 
residues from the forest were fertile, and the soil was 
easily tilled. Agricultural production increased as the for- 
ests were removed and the better lands planted to crops. 
The yields of corn and wheat, the principal grains, were 
good, usually slightly above the national average. Climate 
was favorable and droughts were less common than in 
the corn and wheat belts. And being near to the east coast 
and with the growing markets resulting from industrial 
expansion, marketing was a simple problem. Production 
figures show that both wheat and corn acreage increa.sed 
up to about 1900. 

Almost from the beginning, it was recognized that the 
land was well suited for grass and grazing. Land planted to 
timothy and clover soon became covered with bluegrass 
and furnished good pasture for livestock. Hogs which re- 
quired grain became less important, and the farmers turned 
to cattle and sheep. Grain was grown primarily to supple- 
ment the grasses which grew so well. Hay production for 
winter feed supplanted some of the grains in the system 
and the production of livestock, beef cattle, dairy cattle, 
and sheep became the dominant type of farming. 

In addition to the general picture of a developing live- 
stock economy, certain other specialized types of farming 
developed in more or less local areas. It was general cus- 
tom for each farm to set aside a plot for orchard, garden, 
and small fruit production. Many of the orchards have 
been long abandoned but in some areas orcharding devel- 
oped into a major enterprise. Small fruits, buckwheat, cot- 
ton, sweet sorghums, and tobacco achieved local importance 
in scattered areas. 

The development of industry based oa the natural re- 
sources of coal, oil, and gas resulted in a considerable 
movement from the land to the cities. The competition 
from the nd^er, more level agricultural areas tended to 


reduce the importance of the agricultural production in 
the area. Erosion on the steeper slopes became more seri- 
ous. As a result, the number of people depending on agri- 
culture, the size of farms, and the acreage of crop land 
began to decrease about the beginning of the twentieth 
century. Even before this time, some of the leaders began 
to look for ways of improving income in rural areas. In 
1839, Volunie I, NumDer I of the ’'Silk Culturist and 
Farmer’s Manual” was published at Bruceton Mills, W. Va. 
This publication gave directions on the growing of silk 
worms and mulberry trees. The silk industry never became 
established in the area but the effort shows an early attempt 
to introduce new crops and to improve living standards 
in the area. 

During the depression years, there was a considerable 
migration from industry back to the farm. The number of 
farms iiicrea.sed as persons lost their jobs in industry and 
returned to eke out an existence on their native soil. Dur- 
ing this time an experiment in resettlement was instituted 
by the federal government. The goal wa.s to relocate unem- 
ployed person.s so they could supply part of their sub- 
sistence by farming, and to develop industries which would 
furnish part-time employment. The relocated people did 
not know much about agriculture, and the development of 
industries was not as easily accomplished as it appeared to 
enthusiasts for the program. The homes are still ocaipied 
but in many instances by people who have elected rather 
than were selected for this type of living. 

PROGRESS THROUGi-1 RESEARCH 

Progress results from the ability of people to explore 
the unknown and to make use of the discoveries made. 
The exploration of new frontiers of land and its resources 
has always intrigued man and has given iis some names 
which have been renowned in hivStory, fiction, and verse. 
George XXLtshington surveyed much of the area. The ex- 
ploits of Daniel Boone and Davy Crockett have made 
them legendary figures. The hardy pioneers who followed 
and settled the land, hewing out farms from forest and 
facing the dangers and problems of living in isolation 
must also be given credit for much vision and courage. 
In an age when the struggle for food and shelter took most 
of men’s ingenuity, the pioneers were able to sati.sfy their 
()wn needs and provide some surpluses. 

Each of the experiment stations in the states compris- 
ing the area has played and still is playing a part in improv- 
ing the agriculture and the living standarcls of the rural 
people. I want to give you a glimpse of some of the 
research which has resulted in such improvement. 

The first extensive longtime field experiments in the 
United States were laid out by Dr. W. H. Jordan in 1881 
at wffiat is now Pennsylvania State University. As we look 
at these experiments in the light of present experimental 
methods, they leave much to be desired. But they have 
served as source material for almost 100 publications, both 
technical and practical, and have served as a basis both 
for farm practice and for later experiments. 

It is difficult to credit any one set of experiments 
with the discovery and proof of principles, but the Jordan 
plots have impressed, among other things, the following 
facts (4) : 

'YI/ Eime alone, without fertilizers or manure, pro- 
duces yields no better than where nothing had been applied. 

( 2 ) Fertilizers alone, on acid soils, give very poor re- 
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sponse. Lime can increase the efficiency of fertilizers up 
to 300% as measured by crop response. 

f 3 j! Phosphorus is the first limiting element of Pennsyl- 
vania soil. When used alone or in any combination, it has 
resulted in a substantial increase in yield. 

(4j High yields can be maintained indefinitely with 
inorganic commercial fertilizers. 

(.3) Where manure was applied at 6, 8, and 10 tons per 
acre, the greatest return per ton of manure was obtained 
from the lightest application. 

(6) Reinforcing manure with superphosphate is a sound 
and profitable farm practice.’' 

These plots have also served as a source of soil of 
known, variable treatment which is needed in evaluating 
soils and soil treatment. 

The courage and foresight of Dr. Jordan, in starting 
these plots, and of the many persons involved in manag- 
ing and maintaining them in the face of increasing pres- 
sure is to be commended. The 75th anniversary of their 
founding was celebrated by the Northeastern Branch of the 
American Society of Agronomy at its meeting at the Penn- 
sylvania State University on July 25 to 28, 1955. 

The importance of grass in a hilly area, where for much 
of the land, pasture is the most intensive, desirable use, has 
not been overlooked, A. D, Hopkins started some of the 
earliest work on improvement of varieties of grasses in 
1893. In 1908, Virginia started experiments on pasture 
management. Results were reported in 1914 (1). The 
importance then attached to the work is indicated by the 
fact that the bulletin is illustrated with colored pictures. 
It is also significant to note that the senior author of this 
bulletin, Lyman Carrier, was a charter member of the 
American Society of Agronomy and one of its vice presi- 
dents in 1913. 

Kentucky 31 fescue has received much attention since 
it was first noted growing on a farm in eastern Kentucky 
in 1931 where it apparently had been growing for some 
30 years. As with every other new crop, its use was 
greeted with success and failure but it has found a %^ery 
useful place in our agriculture. 

The recent emphasis on grassland farming and the for- 
age improvement programs at the State Experiment Sta- 
tions and the Regional U. S. Pasture Laboratory may be 
expected to further improve forage production. 

The rapid rise in strip mining of coal during World 
War II with its attendant effect upon the landscape has 
attracted much interest. Following the stripping opera- 
tion, the land was left extremely rough and unsightly. Fre- 
quently, in agricultural areas, additional land was made 
useless. Public sentiment was so strong that some positive 
action was deemed necessary. It was insisted by some that 
the original contour be restored. But, without immediate 
cover, erosion was serious and this method has been aban- 
doned on the hills. The usual method now used on hill- 
sides is to level a part of the area, leaving steep banks 
above and below the graded spoil. Where the stripping 
is on rolling land it is put back so machinery can be used. 
But even after the leveling is done, it was found that 
securing cover was still a problem. Some spoil can be 
limed, fertilized, and seeded and a good cover and fair 
crop of hay secured. Other spoil, which had considerable 
pyrite, produced so much sulfuric acid from its oxidation 
that damp spots appeared. These were found to be due 
to a high concentration of sulfuric acid. No growth could 


be secured in these spots. But nature, given time and the 
abundant rainfall of our climate, will remove the excess 
acid, and with proper treatment satisfactory cover can be 
secured. The effects of strip mining will long be evident 
but the bare, unsightly condition can be remedied, thanks 
to research (5). 

The most important resource of any nation is its youth. 
Many programs have been organized to help train our 
young people into useful citizens. One of the most far 
reaching of these is the 4-H program associated with 
agricultural extension services throughout the country. This 
program has had a normal healthy growth with contri- 
butions from many individuals and areas. One important 
contribution to the conduct of the 4-H program came with 
the establishment of the first county 4-H camp in Randolph 
County, W. Va., in 1915, This was followed by the estab- 
lishment of a state camp at Jackson’s Mill, W. Va. Since 
its establishment, the idea of county and state centers of 
activity have spread to many other areas. 

These are only a few of the more significant advances 
which have contributed to the agricultural welfare of the 
area and of our nation. To list all contributions would 
require much more time and space than is available. Grimes 
Golden and Golden Delicious apples, new varieties of for- 
age, grain crops, fruits, vegetables, and other management 
practices for crops and soil, laboratory procedures, fertilizer 
praGtices, and many other research results could be added 
to those discussed above. 

A LOOK TO THE FUTURE 

The acreage of land under cultivation has been declin- 
ing steadily since about 1935. The retirement of land not 
suited for cultivation, the encroachment of villages and 
cities, and industrial expansion have all played a part in 
this reduction of acreage. This decline may be expected to 
continue as these forces exert more pressure in the future. 

In order to give a picture of the general nature of farms, 
I should like to report some census data for West Virginia, 
which I think is fairly typical of the area. According to 
the 1950 census, about one fourth of the farms were 
classed as commerciai farms. The term, commercial farm, 
includes a wide range of conditions. Some of the farms 
in the relatively level limestone valleys have enough level 
land so that modern farming methods can be used. Farms 
along the larger streams may also have considerable level 
land. These areas are suited to almost any type of cropping 
system and may be expected to continue as commercial 
farms until the land is taken for urban or industrial 
expansion. ' 

Farms in the smaller valleys or on roiling hilltops with 
less level land but some slopes suitable for strip cropping 
and with a larger acreage of more rolling land suitable 
for pasture may be expected to continue to contribute live- 
stock and livestock products to our national economy. But 
some of the so-called commercial farms have none of these 
advantages. With relatively small acreages of land suited to 
machinery, they have been able, by using much hand 
labor, to provide a living for the farm family. Some of the 
more energetic in this group have turned to more inten- 
sive enterprises — broiler production, turkeys, small fruits, 
truck farming,' and tobacco — and with good management 
have improved their living standards. Such a change in 
type of farming seems necessary if these farms are to 
continue to contribute to our national welfare. 
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Already some of these latter, less productive iarms have 
become part-time farms where only a part of the living is 
earned from the farm. The 1950 census shows about one 
fourth of the farms were part-time farms. With increas- 
ing industrialization, this type of farm may be expected to 
continue. It provides a part of the living, it furnishes room 
in the great out of doors for raising a family, and it pro- 
vides a cushion against future unemployment. 

The remaining farms are classed as rural residences. 
These contribute little in the way of farm products but 
do provide a residence away from the crowded cities-— a 
situation which many people enjoy. 

The picture of classes of farms may give a somewhat 
erroneous picture of land use. Although commercial farms 
only represent 25% of the total niunber, they include more 
than half of the land in farms and produce about 85%: 
of the value of products sold. 

The vast expanses of virgin timber which greeted the 
eye of the early explofers and settlers are gone. They were 
exploited to make room for farms and cities and to pro- 
vide lumber for a growing nation. At first the forests near 
water transportation fell; then as more timber was needed, 
railroads, built at first to carry coal, .spread through the 
hills and mountains to remove the timber. As was the case 
in most of our early history, the supply seemed inexhaiLSt- 
ibie as sawmills, large and small, spread over the area. 
Valuable timber was wasted because of fire and misuse. 
But much of the land was too steep, rocky, or inaccessible 
for other uses, so what remained of the forest cover spread 
to recover the hills. With our present emphasis on con- 
servation and with the improved forest management meth- 
ods which are being employed, it is reasonable to expect 
the Appalachian area to furnish more forest products for 
our nation. 

Water, a resource which is causing us much concern 
as a nation, is normally supplied by nature in abundance. 
Early used as a means of transportation, it was natural that 
our cities grew near the major streams. And although used 
now in much larger quantities, and sometimes polluted by 
mine water and industrial wa.stes, there is still a sufficient 
supply to attract new industries. Conservation on the land, 
farm ponds, and larger reservoirs are slowing down the 
runoff to maintain a more uniform flow. In more remote 
areas, the beaver is cutting down trees and building dams 
and ponds which help regulate the flow. All of these arc 
giving clearer streams which will provide more bass, tniut, 
and other fish to lure the fisherman into one of the many 
paradises of nature. Farther downstream, there is more 


water for home and industrial use and for navigation. In 
spite of what has been or is being done, the water supply, 
both from the standpoint of quantity and quality, needs 
additional attention if an adequate supply is to be main- 
tained. 

With the combination of farms and forests, hills and 
valleys, one cannot overlook some of nature’s other boun- 
ties. The combination of cleared land and forest makes 
conditions favorable for a \^ariety of game, the most abun- 
dant of wfliich is deer, a creature of beauty and the hunter’s 
delight. 

Nature provided flowering trees and shrubs — the dog- 
wood, redbud, service berry, azalea, rhododendron, laurel 
and many others. Beautiful in their natural surroundings, 
they are also being used to beautify our homes. For those 
with a more practical turn of mind, there are cranberries, 
blueberries, blackberries, and others whicli may be had for 
the taking and which may be found useful in developing 
new strains or varieties for the market. Holly, too, growls 
naturally and furnishes beauty for the holiday season. In 
the mountains, the sugar majr^le shares its life blood each 
spring to make ouf tabk‘ more inviting. 

But even without these special gifts of nature, the hills 
and changing seasons provide beauty as wc pass from 
wffiiter to spring to summer to fall. 

These are .some of the contributions of the Appalachian 
area— natural resources of winter, ctnil, oil, gvis, salt, and 
timber; agricultural resources of land, crops, and li\^^stock; 
wild life resources of fish and game; scenic resources of 
hills and valleys, flow^ers and seasmis; and finally a people 
wffio appreciate these resources and use them to help keep 
America strong. 

LITERATURE CITED 

1. Carrieic Ly,MAK, and Oakley, R. A. 1914. 'Fhe management 

of bhiegrass pastures. Virginia Agr. Exp. Sta. Bill. 204. 19 M. 

2. Core, Earl L. Plant migrations and vegetational histor>' of the 

SouthtH-n Appalachian Regicm. Date. 

5. DidjLi.OA, Revista de Botanica del Instituto. 'l omiK HE S~-29. 

■ ■■ 1938. ^ . . 

4. Dodge. J, K, West Virginia, j. B; Lippimoit and Company, 
p. 40. 

s. Myers, Harold h'. Romance of the plains. Agrtm. jour, ao: 
5.2i-~S26. ".1953. . 

6. Richer. A. C. Basic teachings tjf Jordan plots easily translated 

int«> useful farm practices. Science for the f'armer, PennsyE 
vaniu Agr. Exp. Sta. HuE 515. Supplement 3:E 1950, 

7. Tyner. E. H„ Smith, R. M.. and Calpin, S. E, Reclamation 

of strip-mined areas in West Virginia, four. Amer. Soc. 
Agron. 10:313-323. 1948. 




Associations of Morphological Characters and Earliness in Oats 

W. M. Ross= 


B asic studies of earlmess in the oat plant are a pre- 
requisite to a proper understanding of inheritance of 
the character. Though earliness in a variety is ineasured 
usually by date of heading, time of bloom, date of ripen- 
ing, or some other means at the end of the growing period, 
it actually is determined fairly early in tfe development 
of the plant. More adequate knowledge at the early stages 
should be helpful in interpreting the character at the later 
stages. 

In grasses the growth period, from planting to anthesis, 
is divided into two distinct phases, one vegetative and the 
other reproductive. In the first phase, after germination and 
after emergence, the plant remains short with iinelongated 
internodes, leaves grow, new leaves are initiated, and tillers 
are formed while the growing point remains smooth and 
rounded though it may elongate slightly. 

In the second phase the growing point differentiates, 
and small ridges and bumps appear on its surface that 
eventually form structures or the inflorescence. This transi- 
tion is called floral differentiation or initiation. At the 
same time the inflorescence and its parts are being pro- 
duced, internodes elongate, leaves grow, and a noticeable 
increase in height occurs. Rate of growth and development 
during the growth phases in relation to heading and to 
certain morphological characteristics of the plant will be 
discussed in this paper. Though several experimental lines 
were studied along with standard varieties, the term variety 
will be used to refer to any individual one. 

LITERATURE REVIEW 

As early as 1914, Harlan (5) recognized in barley a 
division of the growth period into phases which he cla.ssi- 
fied as the period from germination to jointing, the period 
of heading, and the period of maturity. The nature of the 
first two in wheat were elaborated upon by Kiesselbach and 
Sprague (9). Bonnett (1, 2, 3) then described in detail 
these growth periods in his morphological studies on oats, 
wheat, and barley. 

Hahn'* dissected the shoots of growing oat plants at 
successively later stages of development. He found that 
differences in the degree of development of the growing 
points in 5 oat varieties at 34 days was closely related 
to differences in the time of heading. 

In inbred lines of corn, Leng (10) found certain pat- 
terns of development which were inherited in the F,. 
Within a line, the number of leaves externally visible gave 

^Contribution from the Department of Agronomy, Illinois Agr. 
Exp. Sta. Published with approval of the director of the station. 
A portion of the data from a thesis submitted in partial fulfill- 
ment of the requirements for the Ph.D. degree. Presented to the 
annual meeting of the American Society of Agronomy, Cincinnati, 
Ohio, Nov. 17-21, 1952. Received April 16, 1955. 

^ Formerly Assistant, Department of Agronomy, Illinois. Agr. 
Exp. Sta. and now Associate Agronomist, Field Crops Research 
Branch, A.R.S., U.S.D.A., Ft. Hays Exp. Sta., Hays, Kans. The 
author is indebted to Dr, O., T, Bonnett for assistance and guid- 
ance in this study and to the Quaker Oats Co. for financial aid 
in the investigation. 

^ HahOj J. L. A study of five varieties^ of oats at four different 
rates of seeding. B.S. thesis. Univ. of Illinois. 1946. 



a fairly good indication of the rate of internal develop- 
ment; but between lines, a wide range of leaf numbers 
was found at the time of tassel initiation. He found that 
a delay in planting shortened both growth periods, but 
the period from planting to tassel initiation was shortened 
proportionately more than the period from initiation to 
anthesis. 

The importance of the length of the photoperiod and 
temperature in determining length of growth phases in 
pflants was stressed by McKinney and Sando (12). McKin- 
ney (11) pointed out that relative earliness should be 
studied under different environmental conditions to deter- 
mine the factors composing the earliness character. 

Quinby and Karper (13) showed that duration of vege- 
tative growth in sorghum was determined by the time of 
floral initiation, making the study of maturity actually a 
study of the genes influencing biochemical changes which 
bring about floral initiation. Delay of initiation in sorghum 
resulted in a large number of leaves and internodes. An 
association also was found in sorghum between tall height 
and lateness. [ 

A number of investigators, adecpately cited by Sappen- 
field (14), studied the inheritance of earliness In oats, 
but none associated the expression of earliness or lateness 
with anything except heading or ripening. Only Immer 
and Stevenson (8) correlated heading data and plant height 
in oat crosses. 

Hayes et d, (6) found a low positive correlation between 
height and heading in winter wheat, while Bridgeford 
and Hayes (4) found a high negative correlation in spring 
wheat. Alim^ working with wheat, reported a low posi- 
tive correlation between height and heading and a low 
negative correlation between heading and tiller number; all 
were non-significant. Rosenquisff* found a positive correla- 
tion between tiller number and lateness in wheat. 

Only McKinney and Sando (12) pointed out that earll- 
ness is associated with reduced internode number in wheat, 
but no literature reviewed showed a similar relationship in 
oats. 

METHODS 

Fourteen oat varieties ranging over 20 days difference in matu- 
rity from early to late were studied at the Illinois Agricultural 
Experiment Station in 1950 and 1951. From previous observ'ations 
and records III, 43-271, 60 Day, Fort, III. P137, 111. 39-47, Colum- 
bia, and 111. 30-2088 had been classified as early; Clinton, Valor, 
Marion, and Gopher as early to midseason; and Segetal, Victory, 
and Golden Giant as late. Dates of planting were April 15, 1950 
and April 20, 1951. All seeds were space planted 8 inches in 
paired plots composed of 2 rod -rows each with rows 1 foot apart. 

In 1950 samples of 6 to 8 plants wx'^re taken every 3 days 
from one of a paired plot of each variety and dissected to study 
shoot development Near the time of panicle initiation, extra 
samples were taken to determine accurately that date. Heading 
data were taken from the other plot of the pair, this date being 
taken as emergence of the upper spikelets from about three-fourths 


^ Alim, A. Performance of wheat varieties in relation to date 
of heading. Ph.D. thesis. Univ. of Illinois. 1949. 

Rosenquist, C. E. Hybrid vigor in wheat. Ph.D. thesis. Univ, 
of Illinois. 1930. 
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Table 1.-— Days to panicle jiiitiation,, days from initiation to heading, and days to heading of i*l oat varieties, Urbana, 111. i95(>--5L 



Days to 

panicle initiation 

DayB— initiation t( 

> heading 


Days to 

heading 

Kind 

19 

50 

19, 

31 

Av, 

1950 

19 

51 

Av. 

1950 

19 

>1 

Av. 

111. 43-271, ■ ' 

30 

.0 

23 

.8 

26 

.9 

33,0 

32 

0 

32 . 5 

63 

0 

. 55 

.8 

59.4 

60 Day, - - 

Fort,.: : .... 

32 

32 

.0 

.0 

23 

23 

.5 

0 

27 

27 

.8 

.5 

32.0 

33.0 

33 

33 

8 

5 

32.9 

3,3.2 

64 

65 

0 

0 

4 

nb 

9 

5 

60.6 

60.7 

m.'PlST 

33 

.0 

■22 

5 

27 

.8 

32.0 

34 

9 

33.1 

65 

0 

d6 

.8 

60.9 

111, 39-47,,.. ' 

31 

.0 

23 

0 

27 

.0 

34.0 

33 

8 

33.9 

65 

0 

56 

.8 

60.9 

Columbia, _ - .. , 

30 

.0 

24 

0 

27 

.0 

34.0 

34 

0 

34.0 ■ 

34.1 

64 

0 

58 

.0 

61.0 

111. 30™2088_.-,.. , - , 

30 

.0 

24 

0 

27 

.0 

36.0 

■ 32 
34 

2 ■ 

66 

0 

56 


61.1 

Clinton. ’ 

31 

.0 

. 24 

5 

27. 

.8 

33.0 

5 

^ 33 . 5 : 

64 

0 

58 

5 

.0 

6M2 

V alor ■ .. .' 

31 

.0 

24 

5 

27 

.8 

34.0 

34 

5 

34.2 

65 

0 

59 

62 . 0 

Marion ,,,.,3. ' 

32 

.0 

24 

5 

28 

.2- 

33.0 

34 

5 

I 33. S 

65 

0 

59 

.0 

62.0 

Gopher .■ 

36 

.0 

24, 

.8 

30 

.4 

31.0 

1 33, 
' 41, 

7 

: 32.4 

67 

0 

: 58 . 

. 5 

62', 7 

SegetaL„C ^ 

38, 

.0 

30. 

,2 

34 

.1 

43.0 

6 

: 42.3 

^ SI, 

0 

71 , 

.8 

:■ 76,4 

Victory.-.., : - 

36, 

.0 

30, 

2 

83 

.1 

47.0 

: 42, 

0 

44 . 5 

S3, 

0 

: , 72 . 


■ 77.6 

Golden Giant 

38, 

.0 

30, 

!o 

34 

.0 

49.0 

1 47, 

0 

; 48. 0 

87, 

0 

77 , 

!() 

82.0 

Average.. : , . . : . 

32 

.9 

: 25, 

,2 

29 

.0 

36,0 

! ■ 

9 

: 36.0 : 

.68, 

.9 

6U 

.0 

; 65.0 

L.S.D. 5% level .1 _ 

' 


1, 

A , 

1, 

.1 


! ■ *<* 

2 

3.2 



1 , 

.3 

- 2.4 



of the plants. From random plants, measurements were made 
on height, and tillers and internodes were counted. 

In 1951 the same procedure was followed except that four 
replications of paired plots were used. In addition to the above 
data, detailed measurements were taken of the length of each 
internode and of the length of the panicle. Rate of leaf develop- 
ment was studied by counting the number of leaves visible at suc- 
cessively more advanced stages of growth. Height measurements 
and internode counts were made both years on the main stalk 
of the plant which was assumed to be the tallest culm. 

Simple correlations were made each year among the various 
characters studied to assist in interpreting the relation of one to 
another and to the expression of maturity in the various varieties 
studied. For the 2-year period, characters were compared by either 
the “T’ test or the analy.sis of variance. 

RESULTS AND DISCUSSION 

Just as there are differences in dak of heading among 
varieties, there also are differences in date of panicle initia- 
tion which are indicated by data ui the column, "'days to 
panicle initiation,’’ in table 1. In 1950 the period from 
planting to panicle initiation ranged from 30 to 3B days, 
a difference of 8. In 1951 the range was 22.5 to 30.2, a 
difference of 7.7. With allowances for experimental error 
and significant differences, a given variety generally re- 
sponded the same each year, though days from planting 
to panicle intiation w^ere significantly less in 1951 than 
. 1.950.-: 

A wider range was found in days from planting to head- 
ing in the 2 years studied. The ranges were 63 to 87 days 
in 1950 and 55.8 to 77.0 in 1952, differences of 24 and 
21.2, respectively. In both years, 111, 43-271 was earliest 
and Golden Giant latest. As indicated by the 'f” test, days 
from planting to heading were significantly less in 1951 
than in 1950. 

It is important to note that average days from panicle 
initiation to heading, on the other hand, were not signifi- 
cantly different in the 2 years. Ranges were from 31 to 49 
days in 1950 and from 32 to 47 in 1951. Averages were 
nearly identical, 35.9 and 36.0 days respectively. Allowing 
for 5 days difference in planting time and differences in 
weather conditions for the 2 years, the same variety gen- 
erally required the same period of time for development 
in the period from panicle initiation to heading while the 


Table 2.— Number of head-hearing culms on Mi oat varieties. 


Kind 

Nuini)e 

r head-bearing culms 

1950 

1951 

Av, ' 

111. 43-271 .. . - 

6.0 

13.6 

9.8 

60 Day,..,...:. , 

6 . 5 

15.6 . 

11,0 

Fort.-... - ... 

6.3 ■ 

. . 15.3 ■ 

10.8 

I1LP137 . 

5.8 

14.7 

10,2 

III. 39-47.. 

■ 7.2 

15.9 

11.6 

. 

Columbia.. -. - . . . - 

7,7 

■ 15.8 

11.8 

0 

1 

o 

00 

00 

6,1 

12.4 ^ 

9.2 

Clinton 

4.2 ■ ! 

11.4 

7.8 

Valor.:. 

■ 5.2' 

16.4 

10,8 

Marion „■ 

■ 6.7 

12.4 

9.6 

Gopher : : . .. . 

8.2. 

22.2 

■ 15,2 

SegetaL,... 

9.4' 

■ ii'.i' ' 1 

■13.2 

Victory.. 

7.4 

.9.4 ! 

8.4 

Golf len Giant . , . 

6.6 

,■16.0 ,| 

11.3 

Average.. 

6.7 


.10,8 

L.S.D. 5% level 

. , . 

j:,' — .; ;■ 

. : NS 

■" 

" 



: ■ 


length of the vegetative period, planting to panicle initia- 
tion, differed markedly. 

Since it appears that length of day and temperature are 
the principal factors determining floral induction, relative 
earliness cannot be expressed accurately without these spe- 
cific environmental rec|uirements regardless of the genetic 
factors involved. Also when dealing with unknown mate- 
rial it is desirable to test under more than one environ- 
mental condition to find these specific conditions so that 
maturity characters will not be masked. 

Other characters were measured and are reported in 
tables 2, 3, and 4. Only number of head-bearing culms 
(table 2) showed irregularity for the 2 years. Plant height 
(table 3), on the other hand, tended to show a similar 
pattern for each of the years, but the relationship between 
height and earliness was inconsistent. 

Internode number (table 4) was one of the characters 
least affected by environment. There were no significant 
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diiferences between the 2 years in the number of inter- 
nodes produced by any variety regardless of differences in 
days recpired to heading, plant height, or other characters. 
Early varieties had fewer internodes than the late vari- 
eties. This observation corresponds with the observations 
of McKinney and Sando (12) on wheat, Quinby and 
Karper (13) on sorghum, and statements by Harlan (5) 
indicating the relationship in barley. 

Because there was so little variability in internode num- 
ber in 1950, rate of leaf development, which corresponds 
to rate of node development, was studied in 1951 to see 
if it could be used as an index of plant maturity. From 
periodic leaf counts, given in table 4, it is found that 
there was little difference among varieties in the number 
of visible leaves on a given calendar date. This indicates 
that all of the varieties probably started grow^th with the 
same number of embryonic leaves. Though this has not 
been reported previously in oats, Flubbard and Leng (9) 
found several inbred lines of corn to have the same num- 
ber of leaves in their embryos. 

Number of visible leaves at panicle initiation was more 
informative. A clear relationship existed between leaf num- 
ber and time of panicle initiation. Early varieties had few 
leaves visible anci the late ones relatively more at panicle 
initiation. In all varieties, one or two more leaves had been 
initiated than were externally visible at the time of panicle 
initiation. In ail but the three latest varieties, practically all 
of the leaves were unfolded from the whorl 30 days after 
planting. Number of leaves, number of nodes, and num- 
ber of internodes w^ere the same, and any lack of corre- 
spondence in the data between number of leaves and num- 
ber of internodes can be accounted for by the difficulty of 
counting Internodes in mature plants because of density 
near the crown. 

Correlation coefficients were calculated to determine the 
degree of relationship among certain of the plant charac- 
teristics studied, and are reported in table 5. Highly sig- 
nificant correlations of +0.822 and + 0.969 for 1950 and 
1951, respectively, were found between days to heading 
and days from planting to panicle initiation, indicating 
that one is as good a measure of earliness as the other. 
Days to panicle initiation may well be the more accurate 
measure, but it is not determined so readily as date of 
heading. 

There were significant correlations of + 0.917 and 
+ 0.928 in 1950 and 1951, respectively, between the num- 
ber of internodes and days to heading, later varieties hav- 
ing more internodes than early ones. The rate of leaf ini- 
tiation apparently is the same in oats regardless of maturity, 
thus a delay in panicle initiation results in more leaves 
being initiated. Hence, more internodes must develop 
before heading can occur in the late varieties. 

Similarly, the correlation of days to panicle initiation 
and internode number were +0.833 and +0.946. The 
highest correlation of any factors studied was that of inter- 
nodes at maturity and number of leaves at panicle initiation 
which was a highly significant +0.976 in 1951. These 
correlations are readily explained on the basis of the inter- 
relation of leaf number and internode number and by the 
cessation of leaf initiation at the time of panicle initiation. 

Plant height and head-bearing culms were both signifi- 
cantly correlated with heading and panicle initiation in 
1950 but not 1951. Because height has the components- 
internode number, internode length, and panicle length, 
detailed study was made of these factors in 1951. Measure- 


Table 3.~— Height, peduncle length, and panicle length 
of l4 oat varieties. 


Kind 

Plant height- 

—ins. 

Peduncle 

length 

1951— 

ins. 

Panicle 

length 

1961-. 

ins. 

1950 

1951 

Av. 

III. 43-271. 

35.4 

44.4 

39.9 

16.4 

10.5 

60 Day__- . ...... 

35.1 

39.6 

37.4 

17.0 

10.6 

Fort 

34.6 

40.2 

37.4 

18.1 

8.7 

111. P137- ._ 

32.6 

40.1 

36,4 

16.6 

10.1 

III 39-47...- 

31.4 

44.2 

37.8 

18.4 

10.8 

Columbia. 

35.2 

42.2 

38.7 

17.0 

10.6 

111. 30-2088.. 

34.0 

40.8 

37.4 

16.3 

9.4 

Clinton _ . 

30.4 

40.1 

35.2 

15.1 

9.0 

Valor 

30.3 

40.2 

35.0 

15.8 

9.6 

Marion... .. 

32.5 

40.8 

36.4 

17.2 

9.9 

Gopher 

32.3 

41.0 

36.6 

16.0 

9.0 

Segetal ..... 

37.1 

41.2 

39.2 

12.5 

10.2 

Victory... 

38.3 

42.8 

40.6 

13.6 

10.8 

Golden Giant..... 

39.2 

49.0 

44.1 

13.8 

17.2 

Average.- 

34.1 

41.9 

38.0 

15.9 

10,5 

L.S.D. 5% level..-. 

— - 


3.8 


— — — . 


Table 4. — Intemode and leaf number of 14 oat varieties. 


Kind 

Internodes at 
maturity 

Leaf no. 

24 

days 

30 

days 

Initi- 

ation 

1950 

1951 

Av. 

111. 43™271...-__. 

5.0 

5.4 

5.2 ^ 

3.8 

5.4 

3.8 

60 Day.^ » 

4.9 

4.8 

4.8 

3.8 

5.6 

3.6 

Fort - - 

4.9 

4.8 

4.8 

3.8 

5.4 

3.5 

111. P137....„... 

4.7 

4.7 

4.7 

4.0 

5.6 

3.6 

111. 39-47—- 

4.2 

5.0 

4.6 

3,4 

5.3 

3.1 

Columbia. _ 

4.9 

5.0 

: 5,0 

3.8 

5,4 

3.8 

111. 30~208_.— __ 

4.6 

5.2 

4,9 

3.6 

5.4 

3.6 

Clinton 

4.6 

5.5 

5.0 

3.8 

AT' 

3.9 

Valor. 

4.1 

5.0 

4.6 

3.8 

,5.4 

3.9 

Marion. . 

4.7 

5.1 

4.9 

3.7 

5.6 

3,8 

Gopher.. 

5.1 

6.0 

5.6 

3.7 

5.0 

3.9 

Segetal... .. 

6.1 

6.6 

6.4 

3.4 

5.0 

5.0 

Victory. 

6.2 

7.0 

6.6 

3.8 

■ 5.2 ^ 

5.2 

Golden Giant _ ... 

6.9 

7,4 

7.2 

3.7 

5.2 

T:5.2 ■ 

Average...... 

5.0 

5 5 

5.3 

3.7 

5.4 

4.0 

L.S.D. 5% level.. 

. — . 

. . — , 

0.5 

0.3 

0.2 

0.3 


meats were made in each intemode of each variety, and 
few or no differences were found with the exception of 
the first intemode beneath the head, the peduncle. Because 
of increasingly shorter internodes down the stem, only the 
peduncle, second, and third internodes can have much influ- 
ence on height. 

It was found that the peduncle was significantly shorter 
in the late varieties, and that there were negative corre- 
lations of --0.843 and —0.849 between peduncle length 
and days to heading and number of internodes at maturity, 
respectively. Late varieties which have more internodes 
than early varieties also have shorter peduncles, perhaps 
owing to some kind of intraplant competition among the 
internodes. The peduncle, being the longest internode, is 
the most readily affected. Much of the variation in height 
among varieties also can be attributed to panicle length 
which appeared to have no relation to earliness or lateness. 




AGRONOMV JOURNAL 

Table 5. — Correlations among plant characters in relation to earliness in hi \arieties of oats. 


Vahu‘ of r 


Correlation 


Days to panicle initiation and days to headings - - 

Days to panicle initiation and number of internodes 

Days to panicle initiation and height ™ .. v - ^ - 

Days to panicle initiation and number of leaves at panicle initiation 
Days to panicle initiation and number of culms — . - 

Days to heading and height. - 

Days to heading and number of internodes „ - - .. ^ ^ - - 

Days to heading and number of leaves at panicle initiation . _ 

Days to heading and number of culms - - - - . - - 

Days to heading and length of peduncle - - - - 

Number of internodes and height„ - ~ - - 

Number of internodes and number of culms - - - - - . - . 

Number of internodes and number of leaves at panicle initiation 
Number of internodes and length of peduncle - 

Height and number of culms - ~ 

Height and number of leaves at panicle initiation . 

Height and length of peduncle „ _ - - - 

Number of culms and number of leaves at panicle initiation., . 


• Simuficaut at S% level. 

* SisnificasU at 1 % level. 


A concurrent Study of the inheritance of earli ness among 
a number of crosses involving varieties considered herein 
was made at the same time that detailed studies were 
conducted on the parents. Conventional methods of study- 
ing segregation for heading date were used. On the whole, 
inheritance studies w^ere unsuccessful in arriving at exact 
methods of selecting plants of definite maturities or for 
determining the number of genetic factors involved. The 
primary reasons for not obtaining definite information 
from the inheritance studies are believed to be (1) that 
the populations Avere to small for such a complex quanti- 
tative character and (2) a lack of basic information on 
the expression of earliness in standard varieties. 

From these results panicle initiation obviously is one of 
the most accurate methods for determining earliness in 
the oat plant. It can be used best for pure lines and FJs 
but may be used also for relatively early generation segre- 
gating material such as and Because days to panide 
initiation is so highly correlated with certain other plant 
characters, such as internode number and peduncle length, 
these might satisfactorily be used in its place. 

Hence, it is proposed that future inheritance studies of 
earliness in oats, and perhaps other small grains, involve 
not only a study of segregation for heading date, but also 
that detailed information be taken on the plants for 
peduncle length and internode number. With severe envi- 
ronments masking or influencing one character, informa- 
tion on three will allow greater breeding progress, particu- 
larly when populations are small. 

SUMMARY AND CONCLUSIONS 

1. Two years* data on fourteen oat varieties and lines 
revealed time of panicle initiation to be as good a measure 
of earliness as time of heading. 

2. Days to panicle initiation and days to heading were 
decreased by later planting in 1951 than in 1950 with 


1 

950 

1951 

4-U 

4', * 

4-0 

.969** 

4 0 


-40 

946** 

4-0 
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.470 
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.976** 

”i~ 0 

.570* ' 

-0 

.103 

4-0 
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+0 
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-fO 
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4“0 
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4-0 
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-0 
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4-0 
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+0 
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4-0 
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-0 
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stant for both years in spite of different planting dates and 
weather conditions, indicating need of specific photoperiods 
and temperature for floral initiation and a specific time for 
eiaboration of the floral structures. 

4. Rate of leaf development was nearly identical among 

all varieties throughout early growth, but leaf numbers at 
time of panicle initiation were markedly lower for early 
varieties and Ifigher for later ones. .. 

5. Internode number was the least variable morphologi- 
cal character studied and the most closely related to earli- 
ness, early varieties having low internode numbers and 
late varieties high numbers. 

6. Though head-bearing ciilins and plant height were 

strongly influenccal lA' ernaronrne length oi: the first 

internode or peduncle was significantly shorter in early 
varieties; panicle length was influential in determining total 
plant height. 

7. For earliness inheritance studies and in practical oat 
breeding programs for selecting lines of definite maturities, 
these findings suggest the study of individual plants of the 
segregating population for not only date of heading, but 
internode number and peduncle length. Information on 
these three characters should result in more accurate ckissi- 
fication and in more effective selection by eliminating some 
of the environmental influence and, perhaps, allow use of 
somewhat smaller popuiations. 
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The Restoration of Fertility to Cytoplasmic Male-Sterile Corn^ 


John R. Edwardson“ 


TN THE production of hybrid corn, detasseling can be 
-^completely avoided through the use of cytoplasmic male- 
sterile seed parents in both single crosses and a fertility- 
restoring inbred as the pollen pwent of the pollinator 
single cross. In the grower’s field, such a double cross 
would be expected to produce a ratio of 1 fertile:! sterile 
plant, or the grower’s field can be rendered completely 
pollen fertile by including 2 fertility-restoring inbreds in 
the pollinator single cross, producing seed of this cross 
through hand detasseling of one of the component inbreds. 
In either system, success is dependent upon the use of 
genes which effectively restore fertility to cytoplasmic male- 
sterile corn. 

U. S. inbreds are being tested at many state experiment 
stations for genes which restore fertility to lines exhibit- 
ing various types of cytoplasmic male-sterility; but since 
the majority of U. S. inbreds lack fertility-restoring genes, 
it is desirable to find other sources of fertility-restoring 
genes. One such source is to be found among Latin Ameri- 
can maize varieties. 

MATERIALS AND METHODS 

The male-sterile lines utilized in this study ^yere Tx203Ms devel- 
oped by Dr. J. S. Rogers of the Texas Agricultural Experiment 
Station and Cl06Ms derived from Tx203Ms by Dr. D. F. Jones of 
the Connecticut Agricultural Experiment Station. C106Ms was used 
as the female parent in ail crosses by Latin American varieties. 
Dr. P. C. Mangelsdorf, of the Botanical Museum, Harvard Uni- 
versity, generously made available to the writer his collection/Of 
Mexican, Central, and South American maize varieties for testing 
for fertility-restoring genes. 

The three phenotypes sterile, and fertile de- 

scribed by Rogers and Ed wardson (7) were used to determine 
the mode of inheritance of the male-sterile character. A few plants 
classified as /we in the field were considered extreme expressions 
of the partially Sterile phenotype. If some trace plants were over- 
looked in classification, they were classified as sterile. From 3 
to 12 anthers were exerted by plants classified as trace, and they 
contained some viable pollen. This viability was demonstrated by 
the production of a few seed on sterile and fertile plants after 
they had been pollinated with crushed anthers from trace plants, 

^Submitted in partial fulfillment for the Ph.D. degree in the 
Department of Biology, Harvard University, Cambridge, Mass. 
Received April 20, 1955. . t,, 

® Assistant Agronomist, Florida Agr. Exp. Sta., Gainesville, Fla. 


In fitting data from segregating populations to all ratios, par- 
tially sterile, trace, and sterile plants were grouped and treated 
as sterile. This was done on the assumption that partially sterile 
and trace phenotypes are the product of the interaction of modi- 
fying genes and/or environmental factors with the male-sterile 
genotype. If the Fi generation of the test cross Cl06Ms X Latia 
American variety was male-sterile, the variety tested was consid- 
ered to be homozygous for stenlity-mducing gen&s ms ms ^ if the 
Fi generation was male-fertile, the variety tested was considered 
to be homozygous for dominant fertility-restoring genes yVEfflr; 
and if the Fi generation segregated sterile and fertile plants, the 
variety tested was considered to be heterozygous for dominant 
fertility-restoring genes MfW.r. 

Races of Maize in Mexico (9) contains chromosome knob counts 
for several Mexican varieties. A comparison of these knob counts 
with degree of fertility found in the Fi generation of crosses of 
Cl06Ms X Mexican varieties indicated a correlation between high 
degree of fertility and high knob number. Paxson and Mangels- 
dorf list of knob counts for Latin American varieties also pro- 
vided a source of information for such comparisons. In addition to 
the published lists of knob numbers, knob number was estimated 
for varieties of Peruvian, Ecuadorian, and Bolivian corn using the 
root tip technique of Morgan (4), 

Mangelsdorfs multiple tester stocks produced completely sterile 
Fi generations when crossed on Cl06Ms. In order to test for link- 
age of fertility-restoring genes and non-marker alleles of the vari- 
ous marker genes contained in the multiple tester stocks, the fol- 
lowing crosses were made: Tx203Ms X 127C produced a com- 
pletely fertile Fi generation;. (Tx203Ms X 127C)Fi X ^multiple 
tester produced progeny segregating fertile and sterile plants in 
a 1:1 ratio. The offspring of selfed, fertile plants in this progeny 
would be expected to segregate fertile and sterile plants in a 3:1 
ratio and normal and recessive marker characters in a similar ratio. 
The data from classification of fertile, sterile, marker, and normal 
characters were tested for goodness of fit to a dihybrid 9:3:3:! 
ratio. If no significant deviations from the 9: 3:3:1 ratios were 
obtained, it was assumed that there w'as no linkage between fer- 
tility-restoring genes and the marker gene involved, or that the 
deviation from independent Tnheritance was not great enough to 
be detected in the population grown. Markers on chromosomes 
1, 2, 4j 6, 7, 8, 9, and 10 were tested for linkage with the fertility- 
restoring locus. 

The defection of differences in the cytoplasm of Cl06Ms and 
G106 was attempted by two methods: cytological investigation and 
chromatography. In the cytological investigations, Erliki’s fluid 
was used as a fixative. All fixed material — endosperm, embryo, root 
tip, leaf parenchyma, pollen mother cells, and pollen of Cl06Ms 
and C106 — 'Was stained with Heidenhain’s hematoxylin. Leaf epi- 
dermis and P.M.C.'s were stained with Janus Green B, and root 
tips and P.M.C.'s were stained with neo-tetrazolium chloride. 

® Maize News Letter, 1953. 



Table I.’*’ — Summary of classification of U. S. inbreds and Latin American varieties for fertility restoring genes. 
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* Abbreviations used in tables 1, 2, 3, and 4 are: 

F= Male- Fertile Plants 
P ™ Partially Sterile Plants 
C™ Completely Sterile Plants 

ms = ClOftMs, which is inbred Conn. C106 containing the cytoplaaniic rajile-sterile cbunicter. 
t Compiled from Regional Corn Iiuprovemeut Conference Reports (1950-1954), 


la order to obtain material for testing with ciiromatograplis. 
young tassels from Cl 06 and Cl06Ms were collected and stored 
in a deep-freeze. Befcsre freezing. P.M.C.s from live spikeiets 
taken fimnv the mid -ixjrtion of the main axis of the tassel were 
fixed in 3:1 alcohol: acetic acid, later stained with aceto-carmine, 
and examined for meiotie stages. Ta.s.sels were selected for chro- 
matographic comparisons only when they appeared to be in a 
comparable stage of development; that is, when both tassels con- 
tained pollen mother cells within the same range of meiotie stages. 

Filtered homogenates of these selected tassels from CI06 and 
Cl06Ms were subjected to differential centrifugation to obtain 
fnictions of the homogenates, with one containing chiefly plastids 
and the other chiefly mitochondria (Stafford (8) and Price^). 
Chroinatograph ic separation by capillar>^ ascent of portions of 
homogenates, not centrifuged, which were either applied directly 
or as ether extracts to strips of Whatman No. 1 filter paper, as 
^veli as centrifuged fractions containing fJJs chiefly mitochondria 
and f2j chiefly plastids, was accomplished with the following 
solvents: f.yl n-butanol, water and glacial acetic acid in a ratio 
of ‘4:5:1; f^i iso-propancil, water, and 28% ammonia in a ratio 
of 10:1:1; {c} methanol, n-butanol, benzine, and water in a ratio 
of 5:4: 2:2. Two groups of .separating substances were studied; 
flourescent materials revealed by ultra-violet light and ninliydrin- 
positive niaterials revealed by spraying the clu'omatograms writh 
a 0,2 %■ solution of ninhydrin in ethyl alcc>hoi. 


Table 2.— Summary i>f classifiiatiun of Ff?» of Cli>6Ms X Latin 
American varieties 1051-“ 15152. 
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HESULTS AND DISCUSSION 


lin^g genes of this variety, lidiudor 1672, ;ire ilisciisstal later 
under ''Modification td' the Male-Sterile Character.” Forty- 
nine varieties (39.56^.) produced l\ genenitioris which 
were completely nisde-sterile, or segregated partially male- 
sterile and male-sterile plants. These 49 varieties were 
a.ssunied to be homozygt.iiis recessive for sterility- inducing 
genes. Of all varieties tested, it was found that 
contained fertility-restoring genes. These results differ cpiite 
sharply from the results obtained from tests of U. S. 
inbreds, since they indicate that these exotic maize vari- 
eties provide an excellent source of fertility-restoring genes. 
(See tables 1 and 2). 

Inheritance of the Male-Sterile Character 

All the Latin American varieties tested are open polli- 
nated varieties, and therefore could contain fertility-restor- 
ing and sterility-inducing genes"'. Since single plant selec- 
tions from these varieties were tested, all of those seledions 
producing male-sterile l\ populations cimid have been taken 

® Little, Jones, and Clarke (3) report that over 86% of the onion 
^'arieties tested contained both the AL gene which restores fer- 
tility and the ms gene which induces sterility in cytoplasmic 
male-sterile onions. 


Test for Fertility-Restoring Genes 

A total of 124 Mexican, Central, arid South American 
varieties were crossed on Cl06Ms in order to test these 
varieties for fertility-restoring genes. Of the 124 pt“>pu- 
latfons resulting from these crosses, 96 were cla.ssified in 
both 1951 and 1952. In only one population was there 
a significant difference in classification between the 2 years, 
probably due to sampling errors in planting seed. Seventeen 
( 13 . 71 %) of the varieties tested produced completely fer- 
tile Fj generations. For the purpose of studying the inheri- 
tance of the nuclear genes which interact with the specific 
cytoplasm to produce the male-sterile character, these 17 
varieties were assumed to be homozygous for fertility- 
restoring genes. Fifty-seven varieties (45,96%) produced 
Fj generations segregating fertile plants as well as sterile 
and/or partially sterile plants. These 57 varieties were 
assumed to be heterozygous for fertility-restoring genes. 
One variety (0,10%) produced an generation which 
contained all partially sterile plants. The fertility control- 

* Price, C. A. Respiratory enzymes and the growth of seedlings. 
Unpublished Ph.D. dissertation, Department of Biology, Harvard 
University, Cambridge, Mass, 1952. 
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iTom varieties containing msms, Msms and Alj/Vlx geno- 
types. Therefore the percentages found of Latin American 
varieties containing fertility-restoring genes are probably 
underestimates of the actual percentages; ' 

In segregating F, populations a ratio of 1 fertile:! 
sterile plant would be expected if the male-sterile charac- 
ter were controlled by 1 gene interacting with the cytoplasm 
of C106Ms. But 2 genes can also produce 1:1 ratios in 
papulations as well as other types of segregation. While 
most segregating populations fit a 1 : 1 ratio, some popu- 
lations fit other assumed ratios (1:3, 3:1, 5:3, and 3:5 
fertile :steriie plants). All the segregating populations 
were too small, however, to provide valid tests for goodness 
of fit to these ratios. On the other hand, the segregation 


of fertile and sterile plants in F^ and backcross populations 
can provide information which permits testing the assump- 
tions that the male-sterile character is controlled by one 
or more pairs of alleles. 

Individual plant selections from 13 of the 17 completely 
fertile populations were crossed and the offspring clas- 
sified. Each of the 23 F^ populations fit an assumed ratio 
of 3 fertile:! sterile plants. (See table 3). Individual plant 
selections from completely fertile populations were 
crossed on Cl06Ms, and the backcross generations were 
classified. All 13 backcross populations fit an assumed ratio 
of 1 fertile:! sterile plants. (See. table 4). The results of 
classifying F„ and backcross generations indicate in every 


Table 3. Test of goodness of fit to 3:1 and 13:3 ratios, fertile :sterile plants, in 23 Fa populations. 



Number of plants 


. P values 

Cross 

F 

Sterile 

Trifal 

io*‘^ 

0.1 



P 

C 

Total 




1. (ms X Mex. 1794) X (ms X Mex. 1792) 

195 

9 

56 

58 

253 

0.07 

0.46 

2. (ms X Mex, 1794) X (ms X Mex. 1727)_ ........ 

. ',2,22 

24 

43 

67 

289 

.06 

.48 

3, (ms X Hond. 1267) X (ms X Mex. 1733). 

136 

3 

37 

40 

176 

.21 

.54 

4. (ms X Mex. 1794) X (ms X Hond. 

31 

0 

14 

14 

45 

.05 

.44 

5. (ms X Col. 1428A) X (ms X Mex. 1733)_ _ , 

111 

1 

39 

40 

151 

,01-. 02 

.74 

6. Cms X Col. 1360) X (ms X Mex. 1792V ..... 

98 

3 

26 

29 

127 

.28 

.66 

7, (ms X Brazil 1698) X (ms X Mex. 1733'LT_c .....: __ 

130 

0 

43 

43 

173 

.04 

.98 

8. (ms X Mex. 1794) X (ms X Brazil 1698)„.. 

178 

_2 ' 

55 

57 

235 

.03 

.80 

9. (ms X Mex. 1794) X (ms X Peru 1306L — 

98 

.9 

35 

37 

135 

.01-. 02 

.46 

10. (ms X Peru 1307) X (ms X Mex. 1733)_ _ _ 

84 

0 

32 

32 

116 

<.01 

,60 

11. (ms X Peru 1307) X (ms X Mex. 1794)..- 

105 

9 

36 

45 

150 

<.01 

.19 

12. (ms X Bol. 1499) X (ms X Mex. 1733) _ ^ ^ 

177 

1 

57 

58 

235 

.01-. 02 

.94 

13. (ms X Bol. 1506A) X (ms X Mex. 1794 7.. 

49 

3 

9 

12 

61 

.92 

.44 

14. (ms X Bol. 1606A) X (ms X Col. 1428A). .... .... 

40 

1 

19 

20 

60 

<.01 

.18 

15. (ms X Bol. 1506A) X (ms X Col. 1360) 

95 

2 

33 

35 

130 

,03 

.68 

16. (ms X BoL 1506A) X (ms X Bol. 1499) „ . 

222. . T 

■ I;' 

78 

79 

301 

<.01 

.64 

17. (ms X Bol. 1606A) X (ms X Hond. 1267). ........ 

146 

5 

40 

45 

191 

.88 

.71 

18. (ms X BoL 1506A) X (ms X Brazil 1698). 

76 

0 

29 

29 

105 

,03 

,62 

19. (ms X Bol. 1506A) X (ms X C.R. 1051):_ 

151 ^ 

0 

60 

60 

211 

<.01 

.25 

20. (ms X CoL 1428A) X (ms X Brazil 1698)_ 

44 

T 

20 

21 

65 

<.01 

.22 

21. (ms X CoL 1428A) X (ms X Hond. 1267) _ 

125 

5 

30 

35 

160 

.36 

.42 

22, (ms X Brazil 1698) X (ms X Hond. 1267)_>_ . „ 

55 

1 

14 

15 

70 

.66 

.58 

23. (ms X Bol. 1506A) X (ms X Bol. 1506A) .. ^ 

185 

15 

48 

63 

248 

<.01 

.88 

Totals „ „ ... .. - ... .. . „ ' .. .. .. _ _ . .. .. .. 

.2,753 ■ 

81 

,..853 . ! 

934 

3,687 
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Table 4,^ — ^Test of goodness of fit to 1 :1 ratio, fertile: sterile plants, in 13 backcross populations. 


ras X (ms X Mex. 1794) 
ms X (ms X Mex. 1794) 
ms X (ms X Mex, 1733) 


5. ms X (ms X C.R. 1051)„ 

6. ms X (ms X CoL 1428A) 

7, ms X (ms X Brazil 1698) 

8, ms X (ms X Peru 1307) „ 


. ms X (ms X BoL 1499) . 
, ms X (ms X BoL 1499). 
ms X (ms X Bol. 1516*) 
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92 

93 
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74 
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52 

114 
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351 

.31 
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48 
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80 

13 

81 

94 
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.32 
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1 

218 
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.70 



71 

0 

79 

79 
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.58 



64 

0 

51 

51 

llo 

.26 



1,471 

115 

1.293 

1,408 

2,879 



* Fertile plant selected from segregating population. 
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cross tested that one pair of alleles controls the production 
of the male-sterile character. 

While all Fg populations fit an assumed 3 :1 ratio, there 
were 9 populations which also fit an assumed ratio of 13:3- 
Whether apparent 13:3 segregations are produced by 
chance deviations from 3:1 ratios in the direction of 
slightly increased numbers of fertile plants, or by the action 
of two factors could be determined only by progeny tests. 
Such tests have not been made; however, if two factors 
are involved, their detection would be expected during the 
conversion of normal inbreds to the male-sterile condition. 
Inbreds of the genotype ms^ ms^ would be expected 

to produce completely male-sterile generations when 
crossed on Cl06Ms and the first backcross generations 
would be expected to segregate 1:1 fertile: sterile plants. 
Such a condition has not been found but its occurrence 
would confirm an hypothesis that two factors with domi- 
nant and recessive epistasis control fertility restoration. 


Modification of the Male-Sterile Character 

While the percentage of partially sterile plants in all 
generations of Cl06Ms X hatin American varieties grown 
in 1951 ^^nd 1952 were 11% and 9% respectively, 10 of 
these l\ generations contained partially sterile plants in 
1951 and no partially sterile plants in 1952. These results 
might be due to sampling errors since small samples from 
the same Fj seed were grown both years. Another inter- 
pretation could be that the environmental conditions in 
1951 induced the modification of the sterile condition to 
the partially sterile condition in these 10 genotypes, while 
in 1952 under different conditions the male-sterile condi- 
tion remained stable. That environmental factors influence 
the expression of the male- sterile character is indicated by 
information in Regional Corn Conference Reports from 
1950-54. Sixteen F/s of U. S, inbreds X Texas cytoplas- 
mic male-sterile produced sterile, partially sterile, fertile, or 
combinations of these phenotypes at different locations. 

In addition to variation in degree of fertility at different 
locations, there may be variations within a plant. Although 
the great majority of tillers had the same phenotype as the 
main stalk, among the progeny of nine different crosses, 
tillers were observed whose phenotype was not the same 
as that of the main stalk. In the progeny of seven crosses, 
sterile tillers were produced by partially sterile or fertile 
main stalks. Flowever, in the generation of the cross 
Cl ()6Ms X Mexico 1073, 2 sterile plants occurred, each 
with 1 partially sterile tiller; while in the generatioa 
of the cross Gl06Ms X Peru 1487 A, 2 fertile tillers were 
produced by 1 sterile main stalk. The occurrence of tillers 
of a phenotype different from that of the main stalk could 
be considered as a chimera according to the particle distri- 
bution hypothesis of Gabelman (1 ). ; 

Ecuador 1672 when crossed on Cl 06Ms produced 
generations in 1951 and 1952 which contained only par- 
tially sterile plants. If Ecuador 1672 is homozygous for a 
gene producing partial sterility which is an allele of the 
fertility-restoring gene, then one-fourth of the offspring 
of crosses of the type (ms X fertility restorer) X (n^s X 
Ecuador 1672) and reciprocal would be expected to be 
partially sterile. Partially sterile plants occurred in popu- 
lations produced by each of five such crosses but not in 
the expected proportion. In the five populations resulting 
from such crosses, the percentages of partially sterile plants 
were 4, 4, 13, 17, and 20. 

The partially sterile plants occurring in these five popu- 
lations are probably the result of the action of modifying 



genes from Ecuador 1672 which influence the male-sterile 
genotype to produce some viable pollen. Modifying genes 
with siniilar effects on male-sterile chafacters have been 
reported by von Wettstein (10) in flax and by Owen (5) 
in suuar beets. 


Relation of Fertility Restoration to Chromosome-Knob 
Number 


Among 35 varieties producing completely sterile or seg- 
regating'partialiy sterile and sterile generations, the 
average knob number was found to be 3.9. Among 42 
varieties producing completely fertile or segregating fertile 
and sterile Fj generations, the average knob number was 
found to be 5.6. The correlation coefficient r was calculated 
by the variable squared method and was found to be 0,37 
and / was found to be 3.441, The iiuil hypothesis that there 
was no correlation between knob number and fertility was 
discarded when a P value of less than 0.01 was obtained. 

Several varieties, chiefly from Peru, Ecuador, and Bolivia, 
whidr produced cither completely fertile or segregating 


fertile F, generations had no knobs. This would suggest 


that chromosome knobs per se have no influence on fer- 
tility restoration. The simplest explanation for tlie corre- 
lation between knobs and fertility seems to be that the 
frequency of fertility-restoring factor.s is somewhat higher 
in varieties with high knob number than in those with 
low knob numbers. This does not necessarily imply a 
causal relationship although it is possible that such a rela- 
tionship does, in fact, exist. 


Xocarion'.of- Fertility-Restoring Genes 

The P values obtained from x'- tests of goodness of fit 
to the 9:3:3 :1 ratio for fertility-restoring, sterility-inducing, 
normal, and marker genes ranged from 0.05 to 0.89 with 
no significant deviation being found. The segregation of 
Gl on chromosome 7 and fertility shows deviations from 
independent assortment (P r: 0.05) and the deviations are 
in the direction of linkage ( coupling phase) : GlMs 178; 
Gims 45; g/dlr 48; t^lms 27. 

The X” test for goodness oi lit to the 9:;V:3:1 raiiu was 
separated into components in which i>ne degree s.>f freedom 
tests discrepancies in the .segregation GI:gi zr. 0.004, 
P ' .yr ' ' 0.95) : one tests discrepancies in the segregation 
■.7Vlr:;;/.iu(x" 4:^ P 0.74); and tmv degree tests 

the linkage; between- the factors zz 7.52% 

P zz <d.{)I). The <7/:g/ and Ah:m components show 
good fits to the assumed 3:1 ratios, and the linkage com- 
ponent x- is highly significant indicating linkage between 
G7 and AB. ■ a' , 

Using Fisher’s product method for calculating linkage 
and tablCvS provided by Immer (2), the recombination per- 
centage between CrY and Alv was found to be 39.1 'zt 2.5%. 
A X” test for goodness of fit to the observed frequencies 
of phenotypes assuming 39.1%) recombination between 67 
and All* yields a probability value of 0.89. 

Additional data are needed to verify the indication'that 
the fertility-restoring gene is located on chromosome 7: in 
the linkage tests only a small population was classified 
(298); Fg data were used; chromosomes 3 and 5 were 
not tested; and the marker locus on any of the chromo- 
somes tested which seem to show independent inheritance 
with fertility may not have been close enough to the fer- 
tility-restoring gene to permit separation of parental and 
crossover types into classes showing sufficient numerical 
differences in order to rule out independent assortment. 
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EDWARDSON: RESTORATION OF FERTILITY TO CYTOPLASMIC MALE-STERILE CORN 


Sterility-Inducing Components of the Cytoplasm 

Rhoades (6), in discussing cytoplasmic male-sterility in 
lojap maize, states that mutated mitochondria might induce 
the male-sterile condition. In neither sectioned material nor 
material stained with neo-tetrazoiium could any morpho- 
logical or numerical difference in mitochondria be detected 
between Cl 06 and Cl06Ms, The extremely small size and 
large number of the entities involved could easily account 
for a failure to detect any differences. The absence of 
detectable morphological or numerical differences in mito- 
chondria does not prove that mitochondria are not involved 
in cytoplasmic male-sterility since there may well be a 
disturbance in their function which is not reflected in their 
size, shape, or number. Meiosis was observed to be normal 
in both lines, and no cytoplasmic differences were detected 
during the study of meiosis. 

No consistent differences between Cl06 and Cl06Ms 
were found when portions of fractions containing chiefly 
plastids or portions containing chiefly mitochondria from 
tassels of the two lines were applied directly or when ether 
extracts of these fractions were applied to the paper. 

Ether extracts of filtered homogenates, not centrifuged, 
from entire tassels of Cl 06 and Cl06Ms did show differ- 
ences in fluorescent and ninhydrin-positive materials. 
Although these differences were not consistently repeatable, 
they were of this nature: either a fluorescent, or more fre- 
quently a ninhydrin-positive material, occurred in the chro- 
matogram of CT06Ms while no corresponding material was 
detected in the chromatogram of Cl 06. 

The number of chromatograms, 40, is too small to per- 
mit any definite conclusions to be drawn from the results 
obtained. Howrever, the results indicate that Cl06Ms tassels 
possess a ninhydrin-positive material after division I of 
meiosis which is not present in Cl06 tassels. The occur- 
rence of ninhydrin-positive materials strongly indicates that 
an amino acid or acids are present in the male-sterile tas- 
sels at a stage of development in wfliich they are absent 
in male- fertile tassels. 

SUMMARY 

Genes which restore fertility to cytoplasmic male-sterile 
maize were found to occur in 59.6% of Latin American 
maize varieties tested. The frequency in U, S. inbreds of 
such genes has been found by other workers to be 10.5%. 

The results of classifying 23 populations and 13 
backcrosSj^ populations from crosses of cytoplasmic male- 
sterile X Latin American varieties indicates that a single 
pair of genes f Afsms or MriVLJ is responsible for fertility- 
restoration. However, there is a possibility, but not a very 
great probability, that the segregation in some of the FL 
populations is the consequence of hybridizing plants 
which carry two different genes for fertility restoration. 


The male-sterile character can be influenced by uniden- 
tified environmental conditions in such a manner as to 
cause the production of some viable pollen. A modification 
of the male-sterile character, probably involving change in 
internal environment rather than in external conditions, 
was observed occasionally in plants whose main stalk and 
tillers were of different phenotypes in regard to the male- 
sterile character. Ecuador 1672 probably contains several 
genes which modify the interaction of ms with "sterile’' 
cytoplasm to produce partial sterility. 

Chromosome knobs were found to have no influence on 
the male-sterile character. Linkage tests involving the 
gene and genes on 8 of the 10 chromosomes of a multiple 
tester show a slight indication of linkage of yllr with G/ 
on chromosome 7. A recombination percent of 39.1 was 
obtained. 

No difference between cytoplasmic male-sterile inbreds 
Tx2()3Ms and Cl06Ms, and their male- fertile counterparts 
Tx203 and Cl06, were found in meiosis or in chromosome 
number. No differences bet w’^een Cl06Ms and C106 were 
found in the size, shape or number of mitochondria. 

Results from a small number of paper chromatographs 
indicate that male-sterile tassels may contain an amino acid 
or acids at a stage of development in w'^hich they are absent 
in male- fertile tassels. 
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Some Effects of an Anionic Sodium Sulfonate Type Surfactant 

upon Plant Growth’ 

E. C. Spurriei: and J. A. Jackobs- 


S URFACE active agents, or surfactants, are being used 
in the manufacture and processing of commercial fer- 
tilizers to improve the blending of materials and to speed 
up the manufacturing process. This use of surfactants in 
fertilizer has stimulated an interest in the effects of these 
additives on seeds and growing plants. Observations on 
pasture fertility demonstration plots have indicated that the 
dry matter and protein yields from these plots may have 
been increased by the use of a surfactant in the fertilizeff 
On the basis of these observations, research work was ini- 
tiated to study the effects of these materials, if any, upon 
the efficiency of the use of nitrogen by forage grasses, and 
to determine the effect of a surfactant, in various concen- 
trations, upon seed germination and plant growth. In addi- 
tion, the effect of a surfactant upon water movement in a 
soil wus observed. 


: REVIEW OF LITERATURE 

, There is very little information in the literature con- 
cerning the use of surfactants in fertilizers and their effect 
upon plant grow^^th. Seymour*^ has theorized that the addi- 
tion of a small amount of surfactant to a nutrient medium 
should reduce the upward movement of mobile ions in soil 
due to capillary movement of water. If this is true, then 
the mobile forms of nitrogen will not move to the soil 
surface where they will be unavailable to the plant in dry 
weather. Seymour also presented data from pasture plots 
which showed that both the yield of dry matter and the 
.nitrogen content of the forage were higher for the plots 
receiving a mixed fertilizer containing a surfactant than 
for the plots treated with straight materials without a 
surfactant. 


. METHODS AND MATERIALS, , 

The experiments reported here were condueted with Santomerse 
No. T a suffactant consisting of 40% active anionic alkyl aiyi sul- 
fonate type surfactant and approximately 60% sodium sulphate. 
The active ingredient is essentially the sodium salt of dodecyl 
benzene sulfonic acid. The rates of surfactant used in these experi- 
ments were based on the total ingredients in the compound rather 
than on the basis of the 40% active ingredients. 

The term .surfactant as used in this paper refers to Santomerse 
No. 1 unless otherwise stated. 

In 1953^ a field experiment was conducted to determine the 
effects of Santomerse No. 1 upon the efficiency of the use of nitro- 





^ Contribution from the Department of Agronomy, Illinois Agr. 
Exp. Sta., Urbana, III. Received April 20, 1955, 

^Graduate Assistant and Professor in Crop Production respec- 
tively, Agronomy Dept., Univ. of Illinois, Urbana, 111. 

The authors v^ish to acknowledge the assistance received from 
J. D. Cook, Plant Food Division, Illinois Farm Supply Co., who 
supplied the experimental materials and who arranged for the 
nitrogen determinations of the harvested herbage. Appreciation is 
expressed also to Dr, Arnold Klute, Soil Physicist, for his assist- 
ance with portions of the study. 

® Seymour, J. L. Recent advances in the use of surfactants in 
the manufacture of superphosphate and mixed fertilizers. Paper 
presented at the American Farm Research Association meeting, 
Terre Haute, Ind., Oct 19, 1953. 


gen by bluegrass on a Skleil silt loam soil. I'he following fer- 
tilizers were applied: 

. 1. 10-1 0-1 (f comnierciallv prepared with Santomerse No. !■ 

2. 15“15“I5 irumoally mixed without Santomerse No. 1 

3. 0-2 5-2 5 .nianuaily\mixec! with Sanharierse No. 1 ' 

4. 0-25-25 manually mixed without Satiturnerse No. 1 

The surfactant was addeil at the r.i!e uf 3 pounds per ton of 
fertilizer, whidi is the reported rale le^ed m commercial processing. 
Two rates of applicahon were made: 3o and 136 pounds per 
acre eadi of N, iUOr,. and Kt;0, One-half tiu: plots were treated 
on Oct. 14, 1053. and tlie cjtlier ha.i! were treateci no March 25, 
1954. Tlie 16 treatments were arrangcil ifi .i umdomized block 
design with 1 rc'plications. i he plot si. -a- v.ms o h-et by 20 feet. 
The' herbage from a 204'out strip. 3a inefam vvi..!e .md cut at iVi 
inches above tiie soil surface w.is usedj'or drv vveicht deterrnina- 
tions. Sub“.samples of the liarvestcd In-rhaee w.'^re ^a\c*d tor nitro- 
gen analysis. 

A greenhouse study was ionductef.l fn uhver'o,- dM.* effects ot o 
levels of Santofjierse Nt). ! ranging from o to lifO ppfu. «uul s 
levels of nitrogen ranging iroiu (f to 13‘' ppm. on the growth of 
perennial ryegrass. All pi^ssihli. cuinhinations of tin/ varients levels 
of surfactant and nitnagen were usetl. Supeipho?,phute.^ KCI, and 
minor detnents were mixtsl thoroughly tti L%M) g. of sift loam 
in b-inch day pots. Ten ryegrass .seedlings wtax transplanted iiito 
the pots of treated soil to ensun.- uniform plant populations, 'fhe 
test pots were placed in shallow pans to wliid) w'ater was added. 
Periodically the pots recei\eti wat^er .k a surfuic apjdic.ition. The 
herbage was harvested four times. After the foinlii iiar'nest. using 
one replication of the potted ryegrass as check, aiklitionai incre- 
ments of 30 ppm, and 60 ppm. of nitrogen were added to the 
second and third replications, respectively, to r)hser'ce the response 
of the ryegrass to the additional nitrogen. All harvested herbage 
was dried, vveighed, and analyzed for nitrogen. 

Evaporation .stialies were conducted deterndne the eltect of 
Santomerse No. 1 upon water movement in a SidI and the ulti- 
mate rate of water evaporation from a soil surface. Six tubes of 
sand, 3 treated wit!} UH) py'in, of surfactant and 3 untreated. Were 
mounted on ringstands. 'fubes of sand were used in this experi- 
ment, due to inability to .secine Ctmsistent usults when using 
soil in the evaporation apparatus. Eadi tulse was cimnected to an 
enclosed water supply system in which the vx.at amount of water 
tnaipi)ixiti(m frt»nv tii^^ respective tubes could be ioeasured. 

A study vvas made to determine tiu' concentration at which 
surfactants bc:gin to detrimental to plain growth. Red clover 
(Trijolmfn prat em.e L.) and Sudangrass {St>r,\ihuw car. 

■smiane^tse'h.), as test crops, were seeded in pols tif silt loam soil 
to which a surfactant WES added at 7 different icvtds from 0 ppm, 
to 100,000 ppn'h Twar surfactants, Santomerse No. i and O A’ G 
,60‘’, were compared in the .study, ’fhe surfactant vas added to 
the soil in aqueous solutions up to levels of 100 ppm. At higher 
levels, the dry powder form was added. In all cases, the soil and 
surfactant were mixed thoroughly before seeding or transplanting 
the test 'crop.' ■ , . d ■ ■ 

The rate of water, absorption by wheat and soybeans was deter- 
mined by submerging seeds in tap water and tap water plus 100 
ppm. of Santomerse No. 1. Seed.s were also soaked for 24 hours 
in solutions of surfactant varying from 0 ppm. to 10,000 ppm. 
The seeds w'ere then removed from the respective solutions, 
blotted to remove free water, and vveighed. 

Germination studies involved the pfacement of wheat and alfalfa 
seed,s, embryo down, on blotters thoroughly soaked with solutions 
of varynrig amcentrations of Santomerse No. 1 in petri di.shes. 
The petri dishes were then placed in a germinator maintained at 
IS® C. until all viable seeds had sprouted. The blotters were kept 
moist by adding the appropriate solution. 

* } 0-10-10 for the fall appikations and 12-12-12 for the spring 
applications. 

^ A sodium type surfactant prepared by the Oil and Chemicals 
Products Co., Inc. of New York, N. Y. 
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EXPERIMENTAL RESULTS Table 3.-~*DiEerences in herbage production of Ke; 


Aa analysis of variance of the data secured from plots 
of Kentucky bluegrass which had received various treat- 
ments of fertilizer with and without nitrogen and surfact- 
ant indicated that differences in yields of dry matter and 
protein content of the herbage w^ere a response to nitrogen 
fertilizer. There were no significant differences in either 
dry matter production or protein content resulting from 
the presence of surfactant in the fertilizer applied. The 
nitrogen X surfactant interaction was not significant. 

The herbage yields of bluegrass wdth respect to nitrogen, 
surfactant, and date of application are presented in table 1. 


Table i.-— The herbage yields of Kentucky bluegrass with nitro- 
gen, surfactant, and date of application as variables 
at Urbaiia, Hi. 


Comparison 

Tons of dry 
matter per acre 

Significance 
of difference 

Nitrogen vs, none . _ , 

... 1.842 vs. 0.986 


Surfactant vs. none. 

1.387 vs. 1.441 

N.S. 

Pall vs. .spring.. 

1.449 vs. 1.379 

N.S. 


The protein content of the herbage is shown in table 2. 
Protein percentages were increased by the nitrogen applied 
and the protein content of the herbage from the plots 
receiving the spring applications of nitrogen was signifi- 
cantly higher than that from the fall-treated plots. 


Table 2.-— 'Protein content of herbage of Kentucky bluegrass 
wdth nitrogen, surfactant, and date of application 
as variables at Urbana, III. 


Comparison 

Average % pro- 
tein in herbage 

Significance 
of difference 

Nitrogen vs. none^ 

16.4 vs. 12.5 


Surfactant v.s. none „ „ . „ 

14.5 vs. 14.4 

N.S. 

Pall vs. spring.. . „ 

13.6 vs, 15.6 



Difirerential responses of dry matter to the treatment 
combinations of applied N and PK are shown in table 3. 

There w^as no indication of a differential response to 
N or to PK due to the presence of surfactant in the ferti- 
lizer, either in terms of dry matter production or protein 
content. ' 


Following the first harvest of the bluegrass, a severe 


burning was observed on many of the plots that had re- 
ceived the higher rate of nitrogen. The plots were rated 
according to the degree of burning observed. Results of 
the rating indicated that the plots receiving the higher rate 
of nitrogen in the fall with surfactant showed less burn 
than those plots without surfactant. 

In the greenhouse studies where potted ryegrass was 
used as a test crop, the effect of different rates of surfactant 
and nitrogen fertilizer on dry matter production and pro- 
tein content was compared. There were highly significant 
differences in yields of dry matter due to the rate of nitro- 
gen applied, but the response to surfactant f^-s not signifi- 
cant. The yields of the ryegrass herbage are given in table 4. 



Table 3.— -Differences in herbage production of Kentucky blue- 
grass when treatments were applied in combination on 
Agronomy South Farm, Urbana, Illinois. 


Comparison 

Tons dry matter 
per acre 

Difference 
tons DM /A* 

Difference due to N : 

With surfactant and 
without surfactants - 

0.733—0.978 

0.245 

In fall and in spring _ „ 

0.961—0,750 

0.211 

Response to PK: 

With surfactant and 
without surfactant 

1.021—0.952 

0.069 

In fall and in spring 

0.969—1.004 

0.035 


* No significant differences. 


Nitrogen content in the herbage from the various treat- 
ments did not differ significantly. 

After the fourth harvest when the ryegrass showed 
symptoms of a nitrogen deficiency, additional nitrogen was 
applied to the pots to determine if the surfactant already 
present in the soil would affect the response to nitrogen 
fertilizer. There was a highly significant response to added 
nitrogen in terms of dry matter yields and protein con- 
tent but no effect was observed from the presence of the 
surfactant in the soil. 

While the ryegrass experiment was in progress, it was 
observed that the soil surface in some of the pots was 
dry while others were moist. The pots were watered from 
the bottom and water moved up in the pot by capillarity. 
It appeared that something was interfering with the move- 
ment of water in some of the pots. Three evaluators scored 
the pots independently prior to each harvest according to 
the degree of surface moisture present. Upon analysis of 
the scored values, it was determined that the pots of soil 
w'hich had received the high rate (100 ppni.) of surfactant 
were significantly drier than were the other pots in the 
series. ; 

Having observed the above soil moisture responses to 
surfactant, separate soil-water evaporation studies were 
conducted to determine the effect of a surfactant upon the 
rate of water movement in the soil. The data from an 
experiment conducted with sand are presented in table 5. 

Less water was evaporated from the surface of the col- 
umns of sand treated with surfactant than from colmnns 
of sand without surfactant, indicatmg that the addition 
of surfactant did affect the movement of water within the 


Table 4.— -Yields of ryegrass herbage with varying rates of 
nitrogen and surfactant (grams of dry matter per plot). 


Nitrogen 


Surfactant 


Treatment 

g./pot 

Treatment 

g./pot 

0 ppm.^„ 

5.135 

0.00 ppm._.. 

5.148 

5 ppm... u. 

4.792 

0.01 ppm 

5,208 

15 ppm,.,.. 

5.316 

0 , 1 ppm. - 

5.072 

45 ppm 

5.088 

1.0 ppm* 

5.232 

136 ppm 

5.928** 

10.0 ppm 

5.632 


100.0 ppm 

5.212 


Difference between 5.928 and check is highly significant.' 
CV (coefficient of variability) = 19,7. 
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Table 5.— The effect of a surfactant upon amounts of water evaporated from columns of sand- (ml, of H,0 per tube per day). 


Air undisturbed 

Air distil r]:}ed t 

Treatment 

Ml. of H .O 
evaporated per 
tube per day 

Treatment 

1 ML of H 
evaporated per 
tube per day 

No surf actant - 

13.92 

No surfactant 

86.4 

Surfactant (100 ppm), 

12.68 

Surfactant (100 ppm) 

24.4 





t An electric fan was used to force air over the tubes of sand, 

'"Size distribution of sand particles — ]>1 mm., 28.9%; 0.5 — 1 mm., 48.0 Vo; 


columns and, consequently, reduced the amount of water 
available for evaporation from its exposed suriace. 

Rccsults from the ryegrass experiment indicate that there 
was no aj 3 parent detrimental effect upon the grass when 
utilizing a surfactant in concentrations up to 100 ppni, in 
the soil, A study was conducted to determine the effect ot 
surfactants on plant growth when used in greater concen- 
trations. Two test crops, Siidangrass and red clover, were 
grown in soil treated with two surfactants, Santonierse 
No, 1 and O & C 60, at 7 rates. The average d.ry weights 
of the harvested herbage from the Siidangrass and red 
cbver are prcsented in table 6. 


Table 6.— Average dry weight of Sudangrass and red clover 
herbage grown in soil treated with two surfactants 
(ave. g. per pot per harvest). 


Material 

■ Treatment 

Sudangrass 

Red clover 


(ppm.) 

g./pot 

g./pot 

Saiitomense No. 1 . . _ „ 

0 

ii.457 

3.520 


1 

5.844 

: 3.782 


10 

6.098 

! 8.592 


100 

4.617 

! 3.796 


1 ,000 

3.351** 

! 0.972‘*'* 


10,000 

0.000 

0.000 


100,000 

0.000 

0 .OOQ 

.0'& C eov..:...- .- :’- .. , 

0 

5,457 ; 

8.520 


1 

5.580 

8.684 


10 

5.955 

8.714 . 


100 

5.796 

8.580 


1,000 

8,051-^^^ 

0.862^^' ■ 


io;ooo 

0.000 

0.000 


100,000 

0.000 

0.000 


Difference from check highly sigiiihcant 
C.V.— 12,6%. , 


There were no significant differences in yields of herb- 
age of the grass or legume at 1, 10, and 100 ppm. con- 
centration of surfactant, but there was a highly significant 
reduction in the yield of herbage of both grass and legume 
when 1,000 ppm. of surfactant w'ere used. The low yield 
of the red clover at the 1,000 ppm. rate can be explained, 
in part at least, by relatively poor germination and emer- 
gence. At rates of 10,000 ppm. and above, germination 
was inhibited. 

The data in table 7 show that the rate of water absorp- 
tion into the seeds of wheat and soybeans was not increased 
by the addition of surfactant to the solution in which they 
were soaked, 

The data on the rate of. water absorption by wheat and 
soybean seeds are presented in table 8. 


0.25 — 0.5 mm., i9..Bvl: 0.1 ---0.25 mm,., -S.OVl ; ■ <0.1 mm., 0.2 Vl. 


Table 7.— The \\'eigiu (in grams) of water absorbed by 50 g. 
of wheat and soybean seeds after exposure to vater and 
\\'ater plus surfactant for ^'a^\'ing lengths t>f time. 




Hours in 

solution 


■ 1 

12 . j 

18 

24 : 

Wheat: 

Surfactant (100 ppm.) 

No surfactant 

20 . 55 
20.. S9 

! 24.52 
i 24.98 1 

27,21 ^ 
’ 27.08 ; 

29.28 

29.59 

Soybeans: 

Surfactant (100 ppm.1 : 

No surfactant-, 

24.29 1 
1 24.21 1 

1 26.91 1 
; 27.08 j 

29.78 i 

29.65 ! 

1 

81.69 
81 .78' 


Table B.™™The effect of differein conceorratams of surfactant 
upon water absorpcitm into wheat and soybean seeds. 

(g. of H-O absorbed in 24 hours). 


Ratejs of surfactant 



' ^ 

1 

10 

1.00 

1 1,000 

10.000 

Wheat- - 

; 29,08 1 

29.64 

' 29.62 ■ 

: 29.58 

1 27.98 1 

'26.18 

Soybeans...... 


■81 . 59 

80.97 

1 81.12 

1 29.90 

t ' 

[ 29.22 


High concentrations of surfaitant had a .slight depressing 
effect on total amounts tsf water abstirbeii inti^ the seed. At 
rates up to iOO ppm., there was no apparent difference in 
iimounts of water absorbed when liie seeds were soaked for 
24' hours.' . ' 

The data in table 9 iiidicate thvil; seed germination also 
was affected by high concentrations of surfactant. Legume 
seeds appear to be affected by lower rates of surfactant than 
are grass seeds. However, at low rates, there was no effect 
on germination by the incorporation of the .surfactant into 
the germinating medium. 

Results obtained in the field and greenhouse investiga- 
tions failed to show that certain forage grasses utilize nitro- 
gen more efficiently, as reported by Seymour’g when a sur- 
factant, Santomerse No. 1, was applied in the fertilizer. 
However, the surfactant did appear to have an effect upon 
water movement in the soil. Less water evaporated from 
tubes of sand containing 100 ppm, of Santomerse No. 1 

" op, ch. 
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fable 9. ^Tlie effect of different concentrations^ of a surfactant the physical properties of the soil and plant growth cannot 
upon the germination of wheat and alfalfa seeds. » f- ^ r o 



Rates of surfactant* 


0 

1 10 

100 1,000 10,000 

Wheat 




% germination.. 

98.0 

96.0 99.0 

99.0 100.0 46.0 

% short 




sprouts'^' - .. 

2.0 

o 

o 

2.6 6.6 48.7 

Alfalfa 




% germi nation _ 

91.0 

89.5 88.3 

87.0 77.3 46.6 

% short 




sprouts'*' - 

0.33 

1.2 1.9 

1.9 8.2 26.3 


be disregarded. 


* Sprcsul's less than 5 mni. in length. 

than from the untreated tubes of sand. This indicates that 
the capillary movement of water in the sand was reduced 
by the surfactant. This is in agreement with Seymour’s 
theory that capillarity is reduced by the addition of a sur- 
factant to a soil mechum. 

The ryegrass study indicated that the movement of water 
in a soil is affected by rates of surfactant too low to affect 
plant growth. Data from the toxicity study showed that 
Siidangrass and red clover, grown in soil receiving various 
rates of surfactant, were not visibly affected until a con- 
centration of over lOO ppm. was used. However, it was 
not po.ssibie to determine from this expermient whether 
the decrease in plant growth at the high rates was due to 
the active surfactant itself or to the sodium sulfate in the 
compound. 

Seed germination was not appreciably affected until the 
concentrations of surfactant were increased above 100 ppm. 
The legume seed had less tolerance to the surfactant than 
the grass seed. There was no evidence that San tomerse 
No. i, at the rates used in the processing of commercial 
fertilizer (3 pounds per ton of fertilizer), has any benefi- 
cial or detrimental effects upon plant growth. However, the 
possibility that surfactants may accumulate in the soil from 
repeated applications of fertilizer until there is an effect on 


SUMMARY 


Surfactants are being used in the processing of commer- 
cial fertilizers. Because of this use, field and greenhouse 
studies were conducted to determine their effect, if any, 
upon the efficiency of the use of nitrogen by forage plants 
and upon seed germination and plant growth. Soil water 
relationships were observed. 

Fertilizers with and without surfactant were applied on a 
Kentucky bluegrass sod. The response to nitrogen was not 
increased by the addition of surfactant to the fertilizer. 
However, there was less burning from a high rate of nitro- 
gen fertilizer application where the surfactant was added. 

Ryegrass was grown in soil receiving various amounts of 
surfactant and nitrogen to study the effect of a surfactant 
over a wdde range of concentrations on dry matter yields 
and protein content of the harvested herbage. Under the 
conditions of the experiment, there was a highly significant 
response in yields of dry matter and protein to nitrogen, 
but no apparent response to the various levels of applied 
surfactants. 

The addition of a surfactant to soil affects water move- 
ment and reduces the amount of water available for evapo- 
ration from a soil surface. It is possible to incorporate 
suflicient quantities of surfactant into a soil to affect its 
physical properties without injuring the plant 

Germination of certain crop seeds and emergence of 
seedlings was affected by the addition of surfactant into 
the soil at rates of 1,000 ppm., but there was no apparent 
effec tat lower rates up to 100 ppm. 

Yields of dry matter were reduced when Siidangrass and 
red clover were grown in soil containing 1,000 ppm. of 
surfactant; however, the reduction in yield may be due to 
the sodium sulfate in the compound rather than to the 
active ingredients of the surfactant, 

Santomerse No. 1, when used at low^ rates in fertilizer 
processing, has no particular beneficial or detrimental 
effects upon seed germination or plant growTh. 




The Effects of Outcrossing on Forage and Seed Yields in 

Sericea Lespedeza, L. 

E» ‘ Donnelly" 


S ERICEA lespedeza, L. amedta, is a perennial legimie 
grown widely in the Southeast for hay and grazing. 
There are over one-half million acres of this crop in 
Alabama alone. It produces forage during the hot, dry 
summer months on eroded soils that are low in fertility, 
and there are no major diseases that limit its production or 
reduce its persistence. However, it is comparatively low in 
nutritive value and palatability. There are possibilities tor 
improving these characteristics through plant breeding. 
Relatively little breeding work had been done with sericea; 
and, before the most effective breeding method for improv- 
ing this crop can be determined, the effects of inbreeding 
and outcrossing must be known. 

This study was conducted to determine whether there are 
increases in forage and sc%d yields from hybrid seed ot 
sericea and, if so, the magnitude of the increases. 

■ .'REVIEW 'O'F'UTEEATURE; ' 

Sericea produces both apetalous and petaliferous flowers’'^ 
The apetalous flowers are cleistogamous and the petalifer- 
ous are chasmogamous. All apetalous flowers are naturally 
self-poliinated, and petaliferous flowers may be naturally 
either self- or cross-pollinated*^ Stitt, ^ using procumbent 
growth habit as a genetic marker, found that lOA^o of the 
seed from petaliferous flowers resulted from cross-pollina- 
tions. McKee and Hyland'^ found that seed from the two 
kinds of flowers produced by sericea can be differentiated 
on the basis of pod shape. They observed that seed from 
the two types of flowers produced similar plants. However, 
in L, iat/sshm the plants were^ quite dissimilar in amount 
and manner of growth. Plants from seed of apetalous 
flowers were much smaller and more prostrate than those 
from petaliferous flowers. Cursory observations made by 
StitH revealed no variation in .size or vigor between the 
mother plant and self ed or open-pollinated generations of 
.■sericea.- 

McKee and Hyland^ found that the percentage of the 
two flower forms varied from year to year depending on 
the environment. Sericea produced 75% of the seed from 
petaliferous flowers in 1939 and only 31% in 1940. They 
associated short days and low light intensity with the for- 
mation of apetalous flow'ers. Hanson"’ found this association 
in L, stipulacea and obtained predominantly apetalous 
flowers at 70° F. 



^Received May 2, 1955. 

® Associate Plant Breeder, Department of Agronomy and Soils, 
Agricultural Experiment Station of the Alabama Polytechnic Insti- 
tute. The author gladly acknowledges the advice and assistance 
of E. F. Schultz, Jr,, Associate Biometrist, in the statistical analysis 
of the data, 

® McKee, R., and Hyland, H. L. Apetalous and petaliferous 
flowers in lespedeza. Jour, Amer. Soc. Agron. 33:811-815. 1941. 

* Stitt, R. E. Natural cros.sing and segregation in sericea lespe- 
deza, Lespedeza cuneaut (Dumont) G. Don. Jour, Amer. Soc. 
Agron. 38:1-5. 1946, 

® Hanson, Clarence H. Cleistogamy. and the development of the 
embryo sac in Lespedeza stipulacea. Jour, Agf. Res, 67:265-272. 




. MATERIALS AND METHODS 

In the spring of 1951/ 300 seed from apetalous floww and 
30{,> from petaliferous flowers vvere separated from each of 10 ran- 
domly chosen individual plants of commerdai sericea. The^ sepa- 
ration was made on the basis of pod shape. Each type of seed 
from each plant was planted in i -row plots in 3 randomized blocks. 
One hundred seed were planted per plot. A check plot of com- 
mercial sericea that included seed from apetalous and petaliferous 
flowers was planted, making a total of 21 entries. The test was 
conducted on a fertile river terrace soil. Excellent stands were 
obtained. Rows Were l(i feet bang and 20 iodie.s apart. There 
was a distance of 1 foot hetwu,n replications. 'Ewo hay cuttings 
were made- in 1952' and in 1953, making' a total of 4 cuttings. 
No hay -cutting w-‘as made in losi: iusteacl, tlie p.lot.s were har- 
vested for seed... Sta.nd counts r-uade iollcjwing seed Iiars^'est. 

. RESULTS AND DISCUSSION 
Forage Yields 

■ l'toragetyd.e!ds-'were '^su^^ to analysis' of variance. The ' 
interaction, families X type.s uf progeny, was not .signifi- 
cant indicating that the type.s of progeny reacted alike 
regarding forage yields in the 10 families. Yields of the 
chasmogamous progeny were significantly higher than 
yields of the cleistogamous progeny at the 1% level, and 
a highly significant difference was indicated among fam- 
ilies. The yield of the commercial check was not signifi- 
cantly different from the average yield of the 20 lines. 

For a 2-year period the chasmogamous progeny averaged 
producing 6,428 ptmnds of dry herb.ige per acre as com- 
pared to 5/134 pounds for the dei.stogamous progeny, an 
increase of 1,294 pounds or 25^'V (table 1). The range 
of this increase between types of progeny Viiried from no 
increase to indicating considerable differences in the 

general combining ability and.‘or in the amount of cross- 
pollination of the petaliferous flowers among the 10 parent 
plants. The average forage yield of the 10 families (cleisto- 
gamous and chasmogamous progenie.s) for the 2-yeat 
period was 5,780 pounds, compared with 5,761 pounds 
for the commercial check from which the original 10 
parent plants were .selected. 

■ . Seed , Yklds ■ 

Analysis of variance of seed yields showed that the inter- 
action, families X types of progeny, was not significant, 
indicating that the types of progeny yielded alike in the 
10 families. Yields of the chasmogamous progeny were 
significantly higher than yields of the cleistogamous prog- 
eny at the 1% level, and a highly significant difference 
was indicated among the seed yields of the 10 families. 
The }4eld of the commercial check, from which the JO 
selections were made, was not .significantly different from 
the average yield of the 20 lines. 

The chasmogamous progeny averaged producing 504 
pounds of seed per acre as compared to 360 pounds for 
the cleistogamous progeny, an increa.se of 144, pounds or 
40% (table 2). Tlie range of this increase between types 
of progeny varied from no increase to 52%, <tgain indi- 
cating considerable differences in the general combining 
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Table I. — 'Average pounds of dry forage pet acre per year pro- 
duced by the cieistogamous and chasmogamous progeny 
of 10 sericea plants, 1952--53. 


Family No. 


Means 

Commercial mean„ 


Types of progeny 5% L.S.D. = 17B. 
Families 5 % L.S.D. - 388. 

Lines 5% L.S.D.- 548. 


Cieistog- 

amous 

progeny 

Chasmog- 

amous 

progeny 

Family 

means 

4366 

6092 

5229 

4566 

4359 

4462 

5476 

7173 

6324 

4579 

5572 ; 

5076 

4755 

6710 

5732 

6046 

7363 

6704 

5910 

7346 

6628 

5316 

7188 

6251 

5153 

6553 

5853 

5171 

5923 

5546 

5134 

6428 

5780 


■ — ^ — 

5761 


ability and/or in the amount of cfoss-poilination of the 
petaliferoiis flowers among the 10 parent plants. The aver- 
age seed yield of the 10 families was 432 pounds per acre, 
compared with 47 1 pound s for the commercial check. 

In analysis of variance of stand counts the interaction, 
families X types of progeny, again was not significant, 
indicating that the types of progeny in the 1 0 families 
reacted alike in respect to stand. In this case there was no 
significant difference due to type of progeny. Also, there 
was no difference indicated in the stand of the commer- 
cial check and tlie other entries, although a difference was 
indicated among the 10 families at the 1% level. 

A covariance analysis was made to determine whether 
yield differences were affected by stand, and, if so, whether 
adjustment for stand wmuld change the conclusions con- 
cerning types of progeny differences. A highly significant 
relationship was found between stand and seed yields. The 
presence of an additional plant per plot increased seed 
yield by 12 pounds per acre. However, adjustment for 
stand differences did not materially change the yield rela- 
tionship of the two types of progeny. 

The average forage yield for the 2 -year period of the 
21 entries was compared with the seed yields of these 
entries and a non-significant correlation coefficient of 
r = 0.39 was obtained, indicating that there is not a dose 
association between forage and seed yields in sericea. 

These data indicate a significant degree of heterosis in 
sericea. Apparently, there is a marked difference in general 


Table 2. — Pounds of unhulled seed per acre produced by the 
cieistogamous and chasmogamous progeny 
of 10 sericea plants. 1954. 


Family No. 

Cieistog- 

amous 

progeny 

Chasmog- 

amous 

progeny 

Family 

means 

1 

138 

144 

141 

9 

236 

224 

230 

i._ 

540 

822 

681 

4 

304 

517 

410 

5 1 

322 

431 

376 

6 „__..„ 

155 

310 

232 

I 

592 

638 

615 

8 - 

132 ^ 

368 

250 

9„__,_„_ '.....-.l' 

442 

666 

554 

10 

735 

919 

827 

Means „„ „ 

360 

504 

432 

Commercial mean 

— ^ 
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Type.s of progeny 5% L.S.D. = 62. 
Families 5% L.S.D. =138. 

Lines 5% L.S.D. = 196. 


combining ability and in persistence among individual 
plants as indicated by the performance of their progeny. 
A breeding method that utilkes hybrid vigor should pro- 
duce varieties with increased forage and seed production. 

It is recognized in the above discussion that the 10 
parent plants may have differed considerably in degree 
of homozygosity. If a difference did exist, it undoubtedly 
influenced the magnitude of the differences in forage and 
seed yields between the two types of progeny of a given 
parent plant. 

SUMMARY i 

A study was conducted to determine wdiether there are 
increases In forage and seed yields from hybrid seed of 
sericea and, if so, the magnitude of the increases. The 
results are summarized as follows: faj Chasmogamous 
progeny of 10 randomly chosen individual plants yielded 
more forage and seed than deistoganious progeny. The for- 
mer produced 25% more dry herbage and 40% more 
seed than the latter. The range of this increase between 
types of progeny varied from no increase to 41% for for- 
age and from no increase to 52% for seed. Families 
varied considerably in forage and seed yields and in per- 
sistence. No difference in the stand of the two types 
of progeny was indicated at the end of the fourth year 
in the field. Forage and seed yields were not closely 
associated. 


A Method for Studying Corn Root Distribution Using a Soil-Core 
Sampling Machine and Shaker-Type Washer' 

J, B. Fehrenbacher and J. D. Alexander-' 


N umerous methods have been employed to study the 
root systems of plants in soils, Pavlychenko (3) re* 
viewed the methods used prior to 1937 and described the 
.‘soil-block washing method. Weaver and Darland (S), 
studying soil-root relationships of native grasses in various 
soils, developed a method of sampling root systems ot 
grasses by taking large soil monoliths of any desired depth 
and washing the roots contained therein free of soil 
Fehrenbacher and Snider (1) used essentially the same 
method, as used by Weaver and Darland, to study corn 
root penetration and distribution in various soils. 

In the present study of corn roots, samples around corn 
hills were obtained by use of the soil-core sampling machine 
of Kelley, Hardman, and Jennings (3). One ot these 
machines belonging to the Agriciiitimil Research Service 
of the U.S.D.A. at Urbana, III, was used. The objective 
in using it was the development of an easier and quicker 
method of sampling roots by soil hori 2 :ons. Soil cores tor 
sampling roots have been used previously by Laird (4) 
and Fitspatrick and Rose (2) . They, however, used steel 
cylinders or steel pipes driven into the soil and had no 

convenient way of relating root development to soil profile 

, characteristics. 

■ ■ In addition to sampling with a power-driven core sam- 

pleiv a shaker-type washer w^as used for removing soil from 
the roots. Previous methods of w^ashing roots have de- 
pended largely on a stream of water from special hose 
nozzles to dislodge soil Upchurch (7) developed a soil- 
i elution method of washing roots which avoided the loss 

I of roots caused by directing a stream of w^ater under pres- 

sure on a soil-root matrix resting on a screen. The shaker- 
type washing method described here depends on gentle 
shaking action of a soil-root-water mixture to put the soil 
, , into suspension before it passes through a 1 6-mesh screen. 

Water under pressure is not recjuired, 

MATBRIALS '' AND, 'M ' ' ^ 

; 7 Each core taken by the Kelley soil-core sampler used in this 

study was 4 inches in diameter and 72 inches in depth. Ho special 
. adaptation of the machine for root studies was needed, but some 

lit of the precautions necessary to insure undisturbed cores are note- 

f ;- . worthy. Clean, %vell-oiled sleeves are essential to prevent compac- 

tion, and to facilitate removal of the sleeves after the core sample 
' '! is taken. The sampler works best in moderately moist soil. If the 

•'I .1 soil is too dry, penetration is \ery slow and if the soil is wet, the 

cores are easily compacted. Maximum compaction of 6 inches 
.; y'i occurred in the deepest horizon, Dj, of 2 of the 30 cores taken. 

: but smcc there were very few roots in this horizon, the samples 

j were not retaken. 

ir"! - While the core sampling machine worked well in the soil 

''Y ’ studied, which was derived from loess over loam till, it probably 

. Y‘ would not work in very gravelly, very sandy, or rocky soils, 

' Loose soils would probably fall out of the tubes in the removal 

' ' proce.ss, and rocky soils would be difficult or impossible to pene- 

Y ' trate. About 1 hour was required for 2 men to take a soil core, 

- cut it by horizons and bag it, and prepare the machine for another 

1 sample. 

f : ^Contribution from the Dept, of Agronomy, Illinois Agr. Exp. 

lU' Sta., Urbana, III Published with the approval of the Director, 

Illinois Agr. Exp. Sta. Received May 6, 1935. 

; ; ' ■ ® Assistant Professor and First Assistant in Soil Physics, respec- 


The shakcl'-type washei: was constructed so that it could be 
easily disassembled for transportation. It consisted of a stand made 
of 2- by 6-inch hr on which a rack, containiiig S pans, was free 
to move back and forth on rollers made of I -inch galvanized 
pipe (figure 1). The pans, I2 by 12 by 18 inches deep, were 
made of l/l6*inch sheet metal with the bottoms perforated by 
V 2 -inch Iioles centered 1 inch apart. Hie bottom of each pan 
was covered on the inside witli 1 6-mesh copper screen; and the 
pans, w’hen in place in the rack, extended down about 6 inches 
into a large. 32-inch wide, 66'indi long. 12-indi deep sheet metal 
pan filled with w'ater. A l/34ip. electric motor, liaving a speed 
reducer unit coupled with a 2-inch and a I i-inch pulley and 

crankshaft assembly, gave a final speed of about twenty-two d-iiich 
strokes per minute to the mack containing tlie 8 pans. ■ , 

In the operation of the w-aslier, I liorizmi of I core was placed 
in each pan and allowed to shake for a period of 16 1*'^ 1 liour. 
Many factors such as texture, structure, organic-matter content, 
and niuistiire content Y affect tlie time required to put soil in fine 

enough suspension to pass through a f6-rnesh screen. The Fi' to 

l-lu)uf period, however, was adeqUiite for the soil .studied, except 
for water-stable aggregates. These had to he crushed by hand 
after most of the roots had been skimmed off with small (6 by 
6 inch) 16-mesh scivens. The very small routs had to be sepa- 
rated fnuu oiganic debris left fia^m ptevknis creeps and picked 

off the sc ivens with tweezers. The roots were kept in water in 
jars until they could be arranged in proper vertical position by 
horizons on black dotlecovered hoards for pholograpiung. Later 
they were oven dried and weighed.. 

One possible arrangement of the sampling location of the 4- 
inch diameter cores in duplicate in relation to a corn hill is shown 
in figure 2. It was not always possible to locate duplicate cores 
exactly opposite each other in the 4-inch wide ring they repre- 
sented, but since it was assumed that the roots were .symmetrically 
developed around the hill the placement of the core at the proper 
distance from the center of the hill was tlie important considera- 
tion. Since the corn was checked in lulls 10 hv 40 inches, sampling 
in 5 concentric rings, each 4 inches wide, as indicated in .figure 2, 
gave measurements up to 20 inche.s from the corn hill or half- 
way to the adjacent hill. Each of the tt»ni hills sampled had 3 
ear-bearing stalks and was selected at random from 60-hill plot 
sections that ' were ' delineated on the ■ basis of soil type. 

XX^ith corn hills ‘10 by 40 indies apart aful witli idiidi iiiameter 
cores taken in successive f-inth wide lings ,ma\ frofu the hill 
it Avas very easy to expand the joot weights id the emt' sainple.s 
to a hill and to an acre basis. 1'he takulated root eights are 
for a 3’Stalk lull and llY-'^hO plants per acre. In this study no 
sample.s were taken in the area centered hetuc-en i hills of coin 
and not covered by 40-inch diameter urdes tentereil on eadi of 
the 4 hills. In future work this are.i should he s,impled. It will 
add a small percentage to the total root weights per hill and per 
'acre. 


Samples were taken on an untreated or residue (R) plot and 
on a treated or residue-lime-rock phosphate (RLrP) plot on the 



Fig. L— Shaker-type wa.sher used to remove soil from roots. 
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N71K) series on Flanagan silt loam cm the Agronomy south farm 
at Llrbana, 111. The R plot liad only crop residues returned to it, 
whereas the RLrP plot ha,d lirnestone and rock phosphate appli- 
cations in addition to crop residues, including legumes, turned 
under. On each plot, 1 hill was sampled in duplicate in a anan- 
ner similar to that shown in hgure 2, and 1 hill singly or with 
only 1 set of 5 cores. Both plots had a rotation of corn-corn-oats- 
red clover, and the sampling was done on the first-year corn, 
between Aug, 23 and Sept. 10, 1954, when the corn was dented 
and nearly jnature. An adapted hybrid was grown. The grain and 
cc^b weights represent the entire fiO-hill section of each plot and 
the stalk weights were derived from representative samples from 
each 60-hill plot section. The distance between the sampling 
sites on the 2 plots was about 40 feet. 

The soil studied, Flanagan silt loam, is a dark-colored, permeable 
Brunizem developed from Peorian loess over loam till of Wis- 
consin age. Loess thickness on the 2 plots averaged about 55 
inches. There were numerous krotovinas and worm holes in the 
profile above the D horizon. Some physical and chemical charac- 
teristics of the Flanagan profiles on the two plots are given in 
table 1. Horizon letter, texture, and structure designations given 
in table 1, are in accordance with U.S.D.A, Handbook 18 (6). 


EXPERLMENTAL RESULTS . , 

Root weights for both the untreated (R) and treated 
( RLrP) plots are given in table 2 by soil horizons for each 
4- inch core sampled at various distances from the corn 
hill. In each case the two cores for hill A are duplicates. 
Hill B wa.s not sampled in duplicate. For the R plot, the 
roots taken from the Ip Up lIL, and Vl cores of 
hill A are shown in figure 3. The roots taken from the 
IIj IIIj, and cores of hilL A on the RLrP plot are 
shown in figure 4. Core of the R plot and core of 
the RLrP plot were not used in the photographs because 
of slight compaction in the horizons. 


The data presented in table 2 are not sufficient to study 
statistically root distribution with distance from the corn 
hill. Because of limited data, the weights of the three cores 
for each horizon at each distance from the hill were aver- 
aged (table 3) and used to calculate the root weights In 
grams per hill and pounds per acre of each plot. Calculated 
pounds of roots per acre-inch and percent of total roots 
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Fig. 2, — One possible sampling arrangement of the 4-inch cores 
in duplicate within concentric rings around a corn hill. 


Table L— Physical and chemical characteristics of untreated (R) and treated (RLrP) Flanagan silt loam 

from Agronomy south farm, Urbana. 


Soil horizon 

Depth 

Texture and structure 

Moisture 

Available 

soil 

moisture 

capacity 

pH 

Constituents per 

2 million lb. soil 

Available 




1 /3 atm. 

15 atm. 


F ■ \ 

K 


in. 


% 

% 

acre-inches 


lb. 

lb. 






R plo 

t 



Surface Ai 

0-14 

Silt loam; weak, fine crumb to moderate, 









medium granular _ „ 

32,5 

12.6 

3.2 

4.8 

20 

192 

Subsurface A ;t 

14-18 

Heavy silt loam ; moderate, medium granular 

32.0 

14.8 

0.8 

5.6 

12 

192 

Subsoil B i 

18-23 

Light silty clay loam; moderate, medium 









granular to fine sub angular blocky 

1 31.6 1 

17.2 

0.9 

6.1 

12 

216 

B 2 

23-39 

Silty clay loam; moderately strong, medium 









sub angular bio cky _ _ - > _ — . 

32.0 

16.3 

3.3 

6.6 

26 

208 

Bs 

39-43 

Light silty clay loam; weak, medium to 









coarse subangular blocky., _ _ _ „ _ _ - ^ .. 

31.6 

13.9 

0.9 

7.2 

136 

172 

Substrata Ci 

43-54 

Silt loam; nearly massive (loess)„_„_-_-_-- 

32.0 i 

10.2 

3.2 

7.5 

200T 

172 


■ 54-72:' 

Loam; rnassive (weakly calc, till) , „ „ , _ _ 

22.9 i 

7.6 

4.1 

7.1 

200-1- 

172 






RLrP plot 



Surface A i 

0-16 

Silt loam; weak, fine crumb to fine granular 

■■'■.■32.4'; ^ 

14.0 

3.4 

5.0 

184 

172 

Subsurface A:s 

16-20 

Silt loam; moderate, fine to medium 









granular 

30.4 

15.6 

0.7 

5,3 

40 

185 

Subsoil B 1 

';ro-24^: 

Light silty clay loam; moderate, medium 









granular to fine subangular blocky 

29.8 

16.9 

0.6 

5.5 

14 

208 


24--40 

Silty clay loam; moderately strong fine to 









medium subangular blocky 

30.4 

15.0 

3.0 

6.2 

30 

185 


40-46 

Light silty day loam; weak, medium to 









coarse subangular blocky to blocky 

28.0 

13.0 

1.2 

6.5 

72 

178 

Substrata C i 

:: 46-57''' 

Silt loam, nearly massive (loess) 

30.5 

9.6 

3.1 

7,1 

200 -f 

178 



Loam; massive (weakly calc, till) 

26.0 

8.4 

4.0 

7.2 

192 

148 
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Xable 2,—Weiglit of com roots per horizon per 4-inch diameter core at vanoiis distances froov threc^stalk hil! 

on iintrented (E) and treated (RLrP) Flanagan silt !oam. 


Dry matter weight 


R plot 
'0 0.54 

:2 0.21 

;4 0.24 

\7 0.57 

,5 0.09 

5 0.15 

i2 0.06 


Total 


CORN ROOTS IN FLANAGAN SILT L0AM--R PLOT 


„UAI 


mcHBs Fnm hill 


SURFACE Ai 


SURFACE-'' ’Av 


SUBSURFACE As 


SUBSURFACE' AI' 


SUBSOIL Ba 


■SUiSQ'lL: 


iSUSStfAt^ 


imtMiiK 


Fig. S—Corn roots from untreated (R plot) Flanagan silt loam 
with soil profile. Each of ,the five vertical panels of roots is 
’ from one 44fxch diameter core* . 


.Fig. 4. — Corn roots from treated (RLrP plot) Flanagan silt loam 
with soil profile. Each of the five vertical panels of roots is 
from one iinch diameter core. 
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I-EHRENBACHER AND ALEXANDER; SOIL SAMPLING MACHINE FOR STUDYING CORN ROOTS 4' 

Table 3-— Calculated hill and acre weights of com roots by horizons on untreated (R)' and treated (RLrP) Flanagan silt loam. 


Soil horizon 



Dry matter weights 


Ave. weights of hill A and B per 4-inch core 





Depth 



^ 

Calculated 

Calculated 

Calculated 



0-4 in. 

4-8 in. 

8-12 in. 12-16 in. 16-20 in. 

per hill 

per acre 

per 

%0f 


from 

from 

from from from 



acre-inch 

total 


hill 

hill 

hill hill hill 





in. 

g- 

g- 

g- g. g. 

g- 

lb. 

lb. 





R plot 





0-14 

3.35 

0.61 

0.50 0.39 0.27 

51.36 

444 

32 

31,8 

14-18 

0.36 

0.17 

0.18 0.19 0.12 

16.72 

145 

36 

10.4 

18-23 

0.31 

0.19 

0.20 0.22 0.16 

19.44 

168 

34 

12 .0 

23-39 

1.04 

0.71 

0.52 0.58 0.88 

53.00 

458 

29 

32.7 

39-43 

0.24 

0.13 

0.08 0.14 0.05 

9.84 

85 

21 

6.1 

43-54 

0.21 

0.18 

0.15 0,08 0.02 

8.96 

77 

7 

5.5 

54-72 

0.02 

0.02 

0.04 0.02 0.02 

2.40 

21 

1 

1.5 


5.53 

2.01 

1.67 1.62 1.02 

161.72 

1398 

— ■ ' 

100.0 




RLrP plot 





0-16 

4.46 

2.17 

0.60 0.58 0.47 i 

89.04 1 

769 

48 

41.7 

16-20 

0,41 

0,31 

0.15 0.15 0.11 1 

16.52 

143 

36 

7.7 

20-24 

0.32 

0.32 

0.13 0.12 0.15 ' 

16.48 

142 

86 

7.7 

24.40 

0.70 

0.89 

0.52 0.47 0.37 ' 

50.36 

435 

27' 

23.6 

40-46 

I 0.24 

0.22 

0.20 0.23 0.14 

19.08 

165 

27 

8.9 

46-57 

0.18 

0.25 

0.13 0.15 0,15 

15,92 

138 

13 

7,5 

57-72- 

0.08 

0.07 

0.05 0.08 0.05 

6.20 

54 

4 

2.9 


6.39 

4.23 

1.78 1.78 1.44 

213.60 

1846 


TOO.O 


A 

A. .......... 



B, 

C , 

Dv... .Y.. 


for each soil horizon are also given la table 3. Total cal- 
culated root weight on the untreated (R) plot was 1,398 
pounds, whereas on the treated (RLrP) plot it was 1,846 
pounds. Roots penetrated to about 4S inches on the R 
plot with a very few extending to about 60 inches, and 
to about 60 inches on the RLrP plot (figures 3 and 4). 

Although the average weight of roots from 3 cores at 
each distance from the hill probably gave the most reliable 
estimate of total pounds of roots per acre, weights of 
roots per acre were also calculated using the 3 sets of cores 
on each plot separately. These calculated values for the 
separate sets of cores, as well as the averages, are presented 
in table 4, On both the R and RLrP plot there was less 
di,fference between calculated root weights per acre on the 
duplicate set of cores on hill A than between duplicate 


hills (hills A and B). Based on these limited data of 2 
hills per plot, dilferences of 30G or more pounds of roots 
per acre between treatments as determined by this method 
would be statistically significant. 

Yield of grain and dry matter in stalks, grain, and cobs, 
as well as root to top ratios, are also given in table 4. 

Root weights per acre on both the R and RLrP plot, 
estimated by the method described here, appear to be in 
line with those reported for a different method used to 
study corn root penetration and distribution in Illinois 
soils (1). However, the percentage of roots in the A hori- 
zon was considerably less and the percentage of roots in 
the B horizon was considerably more in the Flanagan than 
in soils previously studied. Low rainfall during the 1954 
growing season at Urbaiia may partially account for the 


Table 4.— Summary of root weights, yield of corn (stalks, grain, and cobs), and root to top ratios on untreated (R) 

and treated (RLrP) Flanagan silt loam- 


Dry matter 


Stalk Grain 


Grain 

15,5% 

mois- 

ture 


Subscript 2 cores - 

Ave. of subscript 1 and 2 cores 


Ave. of hill A and B, all cores -I 162,27 


Subscript 1 cores,.. 


Ave. of MU A and B, all cores 213.96 



1 - 

R 

plot 

167. 

.44 

1447 

163. 

.16 

1410 

165. 

.30 

1428 

156. 

.20 

1350 

162, 

.27 

1402 


RLrP plot 

212. 

.60 

1837 

221, 

.48 

1914 

217 

.04 

1876 

207 

.80 

1796 

213 

.96 

1849 


2012 3123 I 859 


3463 8738 964 
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greater percentage of roots in the B horizon. On the R plot, 
low available P in the A horizon (table 1) may have 
hindered root development to some extent. Lrom a soil 
morphological standpoint, there appeared to be no serious 
restrictions to root development in the Flanagan soil profile. 
On the R plot, where the roots penetrated to about 48 
inches, this soil had a storage capacity of about 10,5 acre- 
inches of available soil water. On the RLrP plots, roots 
penetrated to about 60 inches, and with the larger root- 
ing volume, had a greater available soil moisture storage 
capcity (12.8 acre-inches) and a greater supply of nutri- 
ents to draw" upon (table 1). 

Root to top ratios of 1:4.3 on the R plot and 1:4.4 on 
the RLrP plot on Flanagan were similar to those on soils 
previously studied (1). 

SUMMARY 

A method of sampling roots in concentric rings around 
a corn hill with the Kelley soil-core sampling machine was 
devised. With this machine, satisfactory 4-inch diameter 
cores were taken to a depth of 6 feet in Flanagan silt Iciam. 

A shaker-type washer was used to remove most of the 
soil from the roots. Final separation of the roots froni 
the water-stable aggregates and from organic debris of 
previous crops was made with a small hand screen and 
tw"eezers. 

Root w^eights per acre determined in this w^ay appear to 
be in line with those obtained by the method of taking large 
soil-root monolith samples. The core sampling method 
eliminates the need for large pits and gives more com- 
plete sampling at various distances from the corn hill in 
less time. 

A significant difference in amount of roots w"as found 
on a treated and an untreated plot on Flanagan silt loam. 
From the limited data, it was found that in uniform soil 
the roots were symmetrically developed around the corn 


hill and that there ^vas less difference between duplicate 
sets of cores from one hill than betweco duplicate hills. 
Although the most efficient sampling |\ilterri cannot be 
determined from these data, it appears that sampling more 
hills singly would give more reliable root wffights per acre 
than sampling fewer hills in duplicate. Work to determine 
the most efficient sampling pattern on dittererit soils is to 
be continued. 

Roots penetrated to about 48 inches on the Flanagan 
silt loam R plot. To this depth, this soil is capable of stor- 
ing about 10.5 acrc-inches of available water. On the RLrP 
plot, roots penetrated to abr>ut 60 inches, and wuth the 
larger rooting volume, had a greater available soil moisture 
storage capacity (12.8 acre- indies) and greater supply of 
nutrients to draw" upon. 

LITERATURE CITED 

L FJ'HIIHnbachi-r, J. B.. and Skidiuc H. j. Corn root penetra- 
tion in Muscatine. Hlliott, and Cisne soils. Soil Sd. 77:2-81“ 
29L 1954. ... 

2. FrusPATRiCK, E. G., and Rose, L. 17 A studv root distribu- 

tion in prairie claypan and .tssociuled fiiuhle Sitils, Amer. 
Soi i Survey’- Assoc. .Bui . 1 7 : 1 3 "1 45. 193 f'c 

3. KeCLEY, OaIER j., H.AKD.N'iAN;, jA.MiiS A., and ji-.'N 'KINGS, DavID 

S. A soi L sampling machine fur ul^aininsr two, ttiree, and 
four-inch diameter cores of undisturbed ?au! a ilepth of 
six feet. Soil .Sci. Soc. Amer. PiiiC. (lOiO) 12:85-87. 1947. 
I. LAiRl), A. S. A study of tlu* font systeiUN of some important 
sod-ftinnin.a ,en*as.ses. Fla. A.et- Ls;]\ Sta. i5iil. .211. 1930. 

5. Pavlychenko, T. K. Uhe stul-bUnk wa^hin.e rnethotl in quan- 

titative root .study. Can. Jour. Res. ■ 'C.i5.:33-5“’L- 1937, 

6. Soil Survey Staff B.RLS. and A.E. Soil survey niiinual, U.S.D.A. 

Ffandbi>ok No. 18. U. .S. Governnu-nt Printing Office, XX^ash- 
ington, D. C. 1951. 

7. Upchiircu,^^ R. F. The nstyoUthe trench-wash and soil-eiution 

methods for studving alfalfa roots. Agron. lour. 43:552'-555. 

. 1951.. . ' '■ 

8. Weaver, J. E., and Darland, R. W. Soil-root ivlationships 

of 'Certain, native grasses in \’arioiis soil types. EcoL Mono- 
graphs 19: 303“33a. 1949.- 


The Relationship of Seed Size to Seedling Vigor in Some 

Native Grass Species’ 

William R. Kneebone and Carlos L. Crenier-' * 




i 


S EEDLING vigor is particularly important in grasses 
seeded under the trying environments of the Southern 
Great Plains. Most of the native species recommended for 
the area are low in seedling vigor; all could probably be 
improved. This study was initiated to determine the impor- 
tance of seed size and quality as related to seedling vigor 
improvement. 


^Contribution from the Field Crops Research Branch, A.K.S., 
U.S.D.A., in cooperation with the Oklahoma Agr. Exp. Stu. Re- 
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SSiSI: 


REVIEW OF -LITERATURE 


Much of the {iteraturt on seed size effects in peivimial grasses 
is Europeuii, principally British, hi general, these studies have 
shown that within a lot, large seed gi\es the best .seedlings, that 
between lots or strains the largest seeded ones have the best vigor 
and establishment, and that among species there is little rela- 
tion.ship between seed .size and seedling \igof. Nadvornik (5) 
found higher germination and vigor for large seed within a 
species and also showeil (with ryegrass) that this ditlerence was 
not due to more stored food alone since heavy seeds with part 
of the endosperm removed still grew better than lighter ones. 

Davie, s (1) iound that the overall correlation het\v”een seed 


^ I he authors wish to express their appreciation for the careful 
and accurate work of H. W. Brown and C. K. Pear.scm, Scientific 
Aidc.s, in screening, ctiunting, weighing, and planting .seed. Thanks 
are also due to Dr. F. Grayhill of the Statistics Laboratory, Okla- 
homa A. Sc M. Ctdlege, for suggestions and udvke. Any errors 
of calculation and interpretation are the authors* owm. 
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KNEEBONE AND CREMER: RELATIONSHIP OF 


SEED SIZE TO SEEDLING VIGOR IN NATIVE GRASSES 


Table L Weight 100 seeds, emergence, vigor score, and air-dry weight of seedlings from various sized buffatograss car^'opses*-^*' 


Seed .size 

Weight 
100 seeds 
in g. 

Emergence % 


Vigor score 

Air- dry 
weight 
in g. 

Dec. 1952 1 

13 days 
Feb. 1952 

8 days 
Dec. 1962 


Feb. 1952 

Dec. 1952 

Nov. 1954 

Screened 








1 /16 - 

0.236 

50.7 

64 

1.4 

1.0 

2.0 

0.40 

1/18.- - 

.188 

50.0 

59 

2.0 

2.0 

2.0 

.32 

1/20,... : 

.154 

50.0 

66 

3.2 

3.0 

4.0 

.21 



.128 

46.0 

50 

3,2 

4.0 

4.5 

.17 

Screened and aspirated ^ 








1/16.. 

0.238 

53.3 

70 

1.8 

1.0 

2.0 

0.31 

1/18 . 

.198 

57.3 

65 

2,0 

1.5 

1.5 

.33 

1/20 

.169 

50.0 

67 

1.7 

2.5 

3.5 

.23 

1/22.., - 

.129 

52.0 

58 

3.1 

3.0 

4.5 

.20 

L.S,D. 0.05.,.._ 


N.S. 

N.S. 

0.6 

0.2 

2.1 

0.06 


* Averaged from two replicates. Grown in spliagnum moss with nutrient solution of 5™7“5 fertilizer, 
t For number sra'dlings given in column 4, 


weight and percentage establishment in several tests for several 
species of grasses and clovers was 0.3S5. Species differences were 
independent of seed size. Comparing strains within species he 
found that the heaviest seeded strains gave best seedling estab- 
lishment in perennial jyegrass, orchardgrass, and meadow fox- 
tail. One exception was noted for timothy, other strains of tim- 
othy behaving as above. Milton (4) found that strains of perennial 
ryegrass and timothy with heavy seed gave better establishment 
than light seeded strains even though the same amount of seed 
was planted, giving more seeds per area for the latter. Hunt’s 
(2) data on perennial ryegrass show a correlation of 0.798 between 
seed weight and number of established seedlings per 100 seeds 
planted. 

In this country, Peace (6) obtained significant correlations, both 
phenotypic and genotypic, between seed weight and seedling 
vigor with 20 smooth bromegrass strains, indicating that selection 
for large seed could produce strains with increased seedling vigor. 
He emphasized, however, that when seed size was held constant 
in covariance analysis, the variance among strains was still signifi- 
cant. indicating that intensive selection for seedling vigor must 
be concerned with more than seed weight, 

Rogier (7) studied emergence from various planting depths of 
seedlings from strains of crested wheatgrass producing seed ^of 
various sizes. Lie found high positive correlations between size 
of seed and emergence at 2 and 3-inch planting depths in both 
greenhouse and field with good correspondence of data between 
the 2 locations. Differences in emergence among_ size classes of 
seed were not significant at the 1, and 1 to 12 inch depths, but 
seedlings from large seed were larger and grew more rapidly. He 
concluded that selection for large seed size was a direct method of 
increasing seedling vigor in crested wheatgrass. ' 

TosselF found differences among smooth bromegrass strains in 
rate of emergence, maximum stand, and vigor. Seed lots with high 
seed weights tended to be high for these factors. Seed weight 
classes within a seed lot showed distinct differences for the above 
characters, with large seeds superior. Height was associated with 
vigor and dry weight per seedling. Good agreement was found 
between greenhouse and field results. He suggested that green- 
house tests for seedling vigor be a regular part of a breeding 
program. 

MATERIALS AND METHODS 

Comparisons of size and weight classes of native grass caryopses 
were made over a 3-year period. The following data were used in 
comparisons: time of seedling emergence, number of plants 
emerged, seedling height at various intervals, green or diy weight 
per plot or per 100 seedlings, and seedling vigor scores. Vigor 
was scored 1-9 "witli 1 best. Seeds were planted in the greenhouse 


""Tossell, W, E. The nature of variability of seed and seedling 
characters of smooth bromegrass, Bromus J77ermis Leyss. Unpub- 
lished Ph.D. thesis, Llniversity of Wisconsin Library, 1952, 


in the following media: ground sphagnum moss, sterilized, and 
unsterilized soil. In one case a germination test wms made on 
moist paper toweling in petri dishes. One field trial was planted 
in sandy soil. Because of extreme drouth conditions this planting 
was sprinkler irrigated to foster establishment. 

Hand screens were used to separate the caryopses into the vari- 
ous sizes planted Each class of seed is indicated by the screen 
just small enough to hold it. Standard screen sizes are in frac- 
tions of an inch. Thus, a 1/20 screen has round holes 1/20 inch 
in diameter and a 6 by 20 screen has oblong holes G/6A inch long 
and 1/20 inch wide. In the buifalograss test, each class of seed 
was separated into light and heavy fractions using an aspirator. 
Light seeds were discarded. Caryopses of the following were used 
in this study: 

Buffalograss- Buchloe dactyloides (Nutt.) Engel. Bulk seed 
from a breeding nursery. 

Indiangrass, nutans (L.) Nash. Bulk seed from 

a breeding nursery. 

Sand bluestem, Andropogon hallti Hack. Woodward strain 
and seed harvested near Cheyenne, Okla. 

Sideoats grama, Bouteloua curtrpendula (Michx.) Torr. 
Tucson, Logan, Hope, and Encinoso strains. Bulk seed from 
a breeding nursery. 

Switchgrass. Bankurn virgatum L. W2, Blackwell strains, 
and seed harvested near Woodward, Okla. 

results''". 

Results of buffalograss studies are given in table 1. The 
fraction of each seed class derived by aspiration was 
slightly heavier than its unaspirated counterpart and ap- 
peared to give a little more vigorous seedlings. Seed size 
had no apparent effect on germination in and emergence 
from Sphagnum moss. Seedlings from large seeds were 
more vigorous than those from smaller ones. 

In table 2 are data on sideoats grama and switchgrass. 
The sideoats grama gave results similar to the buffalograss, 
with no difference in emergence among size classes but 
distinct increases in seedling vigor with each increase in 
seed size. The switchgrass showed pronounced differences 
among size classes, in emergence as well as other vigor 
attributes. Seedlings from large seeds grew faster than 
those from small seeds. 

Table 3 gives results from a test planted in 6 replicates, 
each replicate having 1 flat of methyl bromide sterilized 
soil and 1 flat of unsterilized soil. Considerable damping off 
occurred, most of it in the unsterilized soil, particularly in 
the sideoats grama. Because of many missing plots, little 
could be done in the way of statistical evaluation of the re- 
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Table 2.— Weight 100 seeds, emergence, height, and air-dry weight of seedlings grown from various sized sideoats grama 

and switchgrass earyopses.-s 


Seed source 

Seed size 

Weight 
100 seeds 
in g. 

Emer- 
gence % 

Height in incites 

Air-dry weight 
per 100 seedlings 
in g. 35 days 

14 days 

3.1 days 

Inc. 

Sideoats grama 

Tucson ^ 

6x34 

0.070 

68 

2.3 

6.8 

4.5 

0.97 


6x36 

.057 

72 

2 2 

6.4 

4.2 

.90 


6x88 

.041 

66 

1.8 

5.4 

3.6 

.62 

Logan. /--.. - 

6x34 

.077 

48 

1.8 

4.8' 

3.0 

.59 

6x36 

.061 

53 

1.7 

4.2 

2.5 

i ,58 


6x38 

.041 

48 

1.6 

3.9 

2.3 ■ 

.37 ' 

Switchgrass 

BlackwelL - _ 

1/20 

0.174 

, 82 

1.3 

i 5.9 

4.6" ■ 1 

1.17 


1/22 

.134 

64 

1.1 

5.0 ! 

3.9 ! 

,92 


1/24 

,091 

31 

'.8 

4.6 1 

3,8 1 

.51 

L.S.D. 


> 

5.7 1 

1 

0.5 

0.7 1 

1 

i 

0.45 


Averaged fmm four repHcafes, Grown in sphagnum moss with mitrieuf: solution of S-T-S fejtiiiwir. 



Table 3.”~”Weight 100 seeds, gemiination, days to emergence, emergence, and total green bmige produced per WO seedlings 
from cuts at 4, 6, and 13 weeks following planting of some native grasses in sterilized and unsterili/ed soil.*-’ 



suits. In most cases, however, differences were quite distinct 
between large and small seed classes. Of particular note 
was the earlier emergence from large seed. This was less 
apparent in earlier tests planted in moss. 

Viability of switchgrass seed varied with size, small seeds 
germinating poorer than large ones. This difference was 
reflected in the emergence figures. The correlation between 
germination and emergence for the switchgrass data in 
table 3 was 0.933. Differences betw^een seed size classes in 
green weight per 100 seedlings were apparently leveling 


out wdien the last cutting was made at 13 weeks from 
planting. The greater part of the yield was from that 
cutting. 

Results of further greenhouse studies of switchgrass, 
indiangrass, and sand bluestem are given in tables 4 and 3. 
Seedlings from the smallest seed emerged more slowly than 
those from the larger classes. Whilc\lifferences in emer- 
gence were again pronounced only in the swu'tchgrass, there 
were vigor differences in all species; the larger the seed 
the more vigorous were the seedlings. Height gave a good 


Seed size 


6x28 

6x88 

6x28 

6x38 

6x28 

6x38 


ia8 
I '24 
I /18 
1/24 
1 48 
,1 ■ ''24 


lyl8' 

1/24 


6x18 

6x24 

6x18 

6x24 


Weight 
100 .seeds 
in g. 


0.092 

.053 

.099 

.052 

,097 

.054 


0.205 
.087 
.202 
, 100 
.200 
.095 


0.297 
. 1'58 


0.393 

.187 

.385 

.184. 

0.004 


Germi- 
nation t 

1 ]>aj’s to 
einergeni.’t* 

' Emergen i*e 

! Total gre(»n 

1 wtdghl pi‘r 100 
j seedlings in g. 

' ' % ' 


/€■ 


49,5 

8.5 

6.8 

16.12 

66,0 

13.0 

6.4 

14.08 

63.0 

9.0 

/ 9.7 . 

31.03 

71.5 

9.4 

12.5 

19.95 

BB.O 

12.9 

18.0. 

17.28 

74,5 ■ 

.13,6 

, 15.3 

14.90 

■ -77,5' 

.10.8 ' 

.■48.1 

16.64 

27.5 

. 14. 8' 

: 6.2 

15.74 

46.0 

10,7 . ^ 

25.1. 1 

19.72 

25,5 ■ 

13.9 ! 

11.4 / i 

'15.33 

53.5 ■ 

' ' ■ 13,8. i 

18.9 ■ i 

22.02 

.18.5 1 

14.9 /; 

; 

■ 8.0 i 

18. OB 

■ '87.5 

j 

■ 11.1 ' ’ 

21.1 ■. 1 

13.15- ■ 

.75,5- 

^5il2.4' ,1 

. ■:; 21. 4, , .1 

: 9.8;l . 

95.5 

■/ 11.1 ■ ■ i 

' i 

26.9 1 

■ 9.54 " 

90.0 

12.2 ■■ i 

29.1 ■ ■ 1 

7.54 . 

23.5 

■■ ':i4,2‘ .1 

4.5, .! 

: 12.74 

2.1.0 1 

) 

','. '14. 6 ■ ■ ! 

'■ 1 

; ' 3.3 'j 

.10.27 

/■ 9.4" i 

i 

. i 

j 



Seed source 


Side-oata grama 

■ . Hope. 

Encinoao . 

Bulk 

Switehgras.s 

■ : , ■■ W2. _ ... .. .. .. .... u. .. 

Blackwell _../.. 

Common 

Indian grass 

Bulkl: .J.. ... . 4.. u,. 

Sand bluestem 

Woodward — _ ^ _ .. 

Common - 

L.S.D. 0.05 _.J 


■**' Figures except germination averaged from 5-12 entries, 
t Two replicates in petrl dishes ou moistened paper toweling. 


475 



Seed source „ 

Seed size 

Weight 

100 seeds 
; ing. 

Days to 
emergence 

Emergence 

Height 
in cm. 

Green weight 
per 100 
seedlings in g. 

W2- ^ - - - - - - ^ - -■ - . - - - - ^ . 

1/18 

0.205 

10.0 

68.0 

11.0 

1.69 


1/20 

.170 

10.0 

77.0 

11.3 

1.21 


1/22 

.123 

10.7 

52.0 

8.0 

.62 


1/24 . . . 

.087 

13.7 

18.0 

6.3 

.35 

Blackwells... 

1/18 

0.202 1 

10.0 

27.3 

9.6 

2.02 


1/20 

.162 

10.3 

16,0 

12.3 

1.68 


■ 1/22 ' 

.135 

10.3 

16.0 

9.6 

1.25 


1/24 . 

.100 

13.3 

6.3 

7.6 

. . .87 : . 

Common „ - - ^ - - 

1/18 

0.200 

11.3 

35.3 

10.6 

1.25 : 


1/20 

.175 

11.7 , 

33.3 

9.3 

.98 


1/22 ■ 

.148 

13.0 ! 

: 25.7 

8.6 

.82 


1/24 

.095 

13.7 

10.0 

9.0 

.64 

L.S..D. 0. 05... 



0.69 

, 8.4 

N.S. 

0,48 


^ Averagtid from three replicates. 


Table 5.— Weight 100 seeds, da^'s to emergence, emergence, height, and green weight 100 seedlings at 28 days for Indiangrass 

and sand bluestem planted in sterilhed soil.* 






KNEEBONE AND CREMER: RELATIONSHIP OF SEED SIZE TO SEEDLING VIGOR IN NATIVE GRASSES 


estimate of yield, correlations being 0.758 and 0.873 for 
the data in tables 4 and 5 respectively. Height measure- 
ments made on the material in table 3 had a correlation 
of 0.542 with green weight at time of measurement. 

Field results are given in table 6. In ail cases but one, 
large seed gave earlier emerging seedlings than either bulk 
or small seed. Stands were thicker from bulk seed, in most 
cases, than from the large seed. Only in the swdtchgrass, 
however, w^ere the stand differences of real significance. 
Small seeds gave much poorer emergence than either bulk 
or large seed. The field results in general agreed with 
those in the greenhouse. Although seeding rates were 
adjusted to give the same number of sound speeds per foot 
of nw for each lot, there w^ere probably more seeds of 
the bulk planted than either large or small seed, because 
of non-uni form seed weights and sizes. 

Heights measured 33 days after planting showed that 
wdiere significant differences occurred, they were generally 
in favor of large seed over small. Most differences, how- 
ever, were not significant. The results for Blackwell switch- 


grass were not according to expectation and may be partly 
explained by the fact that two out of the three plots fell 
in slightly lower spots In the field and received more 
moisture. 

Vigor ratings show*- that large seed was superior to 
small, wdiile bulk seed tended toward intermediate values. 
Differences were again most marked in the switchgrass. 
Dry weights at the end of the first season did not, in 
most cases, differ significantly. The most striking differ- 
ence (aside from the anomalous Blackwell switchgrass 
results) was in switchgrass. All plots wdth too poor 
a stand or growth too small and dried up to harvest were 
planted with small seed. 

DISCUSSION 

McAllister (3) found that seeds of several cool-season 
grasses harvested at pre-milk to milk stages were smaller 
tiran ripe seed and^ although viable, gave fewer and weaker 
seedlings. Much of the range in seed size noted in this 


Table 4. — Weight 100 seeds, days to emergence, emergence, height, and green weight lOO seedlings at 28 days for switchgrass 

planted in sterilized soil.* 


Seed source 


Indian gras.s. 


Woodward sand bhie.stem , 


Seed size 


1/18 
1/20 
1/22 
1 /'24 


Weight 
100 seeds 
in g. 


0.297 

.253 

.207 

.158 


Days to 
emergence 


Emergence 

61.3 

49.3 
55.0 
45.7 


Height 
in cm. 


14.0 
13.6 

12.0 


Green weight 
per 100 
seedlings in g. 


2.10 

1.87 
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Study, particularly in the apomictic sideoats grama strains 
Tucson, Hope, and Encinoso, could have been due to stage 
of maturity at harvest and other environmental effects. 
Some strains did have a higher average seed weight than, 
others. Encinoso sideoats grama seed ranged primarily from 
6x28 down to 6x34 while most of the Hope was from 
6x32 down to 6x38. Since seed from these two strains 
was harvested at the same stage in adjacent helds during 
the same season, the seed size dilference between them is 
probably of genotypic origin. 

There was little difference in germination or emergence 
among size classes except in the switchgrass. Bilbro^^ com- 
pared seeds of different density separated from lots ot sand 
bluestem and switchgrass by immersion in sucrose solu- 
tions of varying specific gravities. He got significantly 
higher germination from hea\^y seed in both species. This 
increase in germination, however, was not, he felt, worth 
the time and cost of density separation e\'en for special 
studies. 

The results obtained with native American grasses in 
this study agree substantially with published data for cool- 
season species native to Europe and Asia (i, 2, 4, 6, 7). 
\¥jthin each lot, large seeds gave the best seedlings. Differ- 
ences in seedling vigor among species were not in accord 
with seed size. Within species there were strain differences 
in seedling vigor unassodated with seed size. Although no 
direct comparisons could be made on the basis of average 


seed sizes among strains, Encinoso sideoats grama, which 
has been generally superior in seedling vigor whenever 
planted, does have larger than average seed. 

Some 12,000,000 acres in the Southern Great Plains 
area could be stabilized and made more productive if suc- 
cessfully reseeded with adapted warm-season native grasses. 
Other conditions being equal, it seems probable that large, 
plump, high quality seed will produce stands more surely 
and such stands will be grazable more quickly than those 
from small, shriveled poor quality seed. Selection of strains 
having large seed and good seedling vigor and their increase 
under optimum conditions for seed development should 
provide the type seed necessary for optimum results in 
reseeding. 


* Bilbro, J. D. The relation of seed density to the geniiination 
of four grass species. Unpublished ,M.S. thesis, Okhihoma A. cSi M. 
Col lege. Library, 1953. 


SUMMARY . 

Buffalograss, indiangrass, sand bluestem, sideoats grama, 
and switdigrass caryopses were separated by liand screen- 
ing into various classes. 

' Vigor of seedlings produced by the various seed sizes 
in various media in tlie greenltouse and in iieUl plant- 
ing was evaluated in terms of vigor .score, spa/tsl ot emer- 
gence, stand, height, and forage pnHiiK:tiori in early stages. 

The larger the seed w ithin a lot, the iruire \ igorous W'ere 
the seedlings from it. Seedlings from larger seeds emerged 
faster and grew^ at a faster rvite. 

Seed. - size had little effect on ge-rminal it.m except ■ in ■ 
sw'itchgrass. Small seeds of swM'tchgrass germinated poi>rly 
in ail tests. 

Differences in average seedling vigor were noted both 
among species and. amt mg strains within species. 


Table 6. — Days to 50% emergence, stand, vigor score, height at one month, and air-dry forage production 
from several native grass seed sources planted in rows in the iielda** 




Days to 


Height 

i 

i 

' Air-dry^ forage 

Seed source 

Seed .size 

60% 

stand % 

in cm. 

: Vigor 

end first 



emergence 

49 days 

tj3 days 

j 49 days 

season in g. 

Side-oats grama 





I 

j 

Bulk 

...V..: ' : 6x28 ■ 

12.3 

80.0 

10.7 

1 4.0 

; 257 


Bulk 

12.7 

86.7 

13.3 

i ' 3.3 ■ 

I 295 


6x38 

13.7 

71.7 

1U3 

4.3 . 

.| 177 

Encinoso _ 

6x28 ■ 

13.0 

53.3 

15.7 

3.0 

1 I'tS 


Bulk 

13.3 

70.0 

16.3 

3.7 

j 200 


, :6x38 ' ■ 

14.0 

61.7 

14.0' 

^ 5.0 ■ 

‘f, - 
4- ■ 

■Hope,.'. > ...../ .. : „ 

, . 6x30 

• I2V3' 

75.0 

14. 


244 ■ . 


Bulk 

■■ 13.3-- :■ 

53 . 0 

13.3 

' -4.3.. 

' 150 


6x38 

13.3 

66.7 

: ■ 11.3 

5.3 ■ 

128 

Switchgrass 









1/18 

15.7 

71.7 

16.0 

■ *:> n 

404 ■ ■ 


Bulk 

14.3 

88,3 

11.3 

Ta) 

295 


1/24 I 

t 

33,3 

12.0 

5.0 

132 

Blackwell 

1/18 

13.3 

93.3 

12.7 

4.0 

204 


Bulk 

16.7 

81,7 

18.3 

1 .7 

. 547 .■ 


1/24 

t 

10.0 

8.3 

■ 7.3 7 

•b 

Indian grass 






i 

B ' Bulk- - 1 • 

1/18 

15.0 

1 ■'■' 58,3 , ' 

" 12.3' 

5.0 

104 


Bulk 

19.5 

66.7 

9.7 

' 4.7,.„- 

78 


1/24 

20.0 

63.3 

9.0 

:;^5.0 ■ ^ 

82 

Sand bluestem 







Woodward 

1/18 

13.5 

■■ ■ 'Yo.o;;/' 

13.0 

4.0 



Bulk 

14.0 i 


11.7 

5.0 

163 


1/24 

16.0 

75.0 

11.0 

. . 5 . 

'i 

L.S.D. 0.05. 


. 

23.4 

3.1 

2.0 










* Averaged ftom three replicates, 
t 'Less than 50% stand. 

t One or more plots missing, not included in analysis. 
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JOHNSON EX AL.: GENOTYPIC AND PHENOTYPIC CORRELATIONS IN SOYBEANS 
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Genotypic and Phenotypic Correlations in Soybeans and 
Their Implications in Selection' 


Herbert W. Johnson, H. F. Robinson, and R. E. Comstock- 


E stimates of genotypic and phenotypic correlations 
among characters are useful in planning and evaluat- 
ing breeding programs. A .knowledge of the correlations 
that exist between important characters may facilitate the 
interpretation of results already obtained and provide the 
ba.sis for planning more eflicient programs for the future. 
Also, correlations betw^een important and non -important 
characters may reveal that some of the latter are useful 
as indicators of one or more of the former. 

The objectives of the present investigations were to esti- 
mate for two segregating populations of soybeans: fij:the 
genotypic and phenotypic correlations between ail possible 
p^airs of 24 characters, and (2)] the degree to which certain 
characters or combinations of characters may be useful as 
indicators of high yield or oil. 

Weiss (4) reviewed the literature prior to 1949 pertain- 
ing to correlations among various characters in soybeans 
and pointed out the inconsistency of the estimates obtained 
to that date. More recently Weiss et al, (5) repjorted sig- 
nificant positive correlations among the means of five 
varieties for the following characters: large seed and low 
iodine number of the oil; lateness of maturity and high 
oil content; lateness and low protein content; high oil con- 
tent and low iodine number; and high protein content and 
low oil content. They also found that the correlations did 
not vary significantly among years, locations, or locations 
'X years.' 

Weber and Moorthy (3) estimated genotypic and pheno- 
typic correlations between all possible pairs of 7 characters 
measured in 3 populations of soybeans. They found that 
in general the genotypic correlations were higher than the 


phenotypic. They obtained positive genotypic correlations 
between flowering time and maturity date, yield and matu- 
rity date, yield and plant height, yield and seed weight, 
and negative genotypic correlations between flowering time 
and period from flowering to maturity, maturity date and 
oil percentage, and seed weight and oil percentage. 


.MATERIALS AND METHODS 


^ Gontribution from the Departments of Agronomy .and Experi- 
mental Statistics, North Carolina State College, Raleigh, N. C., 
and the tr. S. Regional Soybean Laboratory, Urbana, III; Journal 
Paper No. 620, North Carolina Agr. Exp. Sta.; Journal Paper No. 
272, IT. S. Regional Soybean Laboratory. Received May 17, 1955. 

^Research Agronomist, Field Crops Research Branch, A.R.S., 
U.S.D.A., Beltsville, Md., and Professors ^ of Experimental Statis- 
tics, North Carolina Agr. Exp. Sta., Raleigh, N. C., respectively. 
The writers wish to acknowledge the cooperation and assistance 
of F. I. Collins and O, A. Krober of the U, S. Regional Soybean 
Laboratory, who did all chemical analyses involved in this investi- 
gation. 


Two populations of 13? lines of soybeans were evaluated in the 
Fi generation. Each line traced through bulked seed of Fa parents 
to a single Fs plant. Eighty-nine lines resulting from the cross 
Roanoke X Palmetto (population 1) and 64 lines from the cross 
N42-26 X Seminole (population 2) were evaluated. Lines of 
population 1 were grown at McCullers and Statesville, N. C., and 
Monetta, S. C, in 1950, and those of population 2 were grown 
at McCullers and Monetta only. The lines of a population \vere 
replicated twice in a randomized block design at each location. 
Eight viable seeds per foot of row were seeded in single rows 19 
feet long and 3 feet apart, 

A 1 6 -foot section of each row was harvested for yield, and 
chemical data were obtained from a 60-g. sample of beans from 
each plot. Characters measured on a plot basis were as follows: 
it) flowering time, recorded as the number of days from emer- 
gence to the date when half the plants in the plot were flowering; 
(2) fruiting period, recorded as the number of days from flower- 
ing to maturity; maturity, recorded as the number of days 

from Sept. 1 to the date when all pods were ripe; f4J yield of 
seed in grams per plot; 65 J seed weight, recorded as grams per 
100 seeds (based on weight of 200 seeds per plot); 66 J height 
at maturity in inches; 679 lodging, scored from 1 to 5, with 1 
indicating almost all plants erect and 5 all plants lodged badly; 
6^9 shattering (the plants remaining after the 1 6-foot section 
was harvested w^ere scored from 0 to 5 approximately 2 weeks 
after maturity, with 5 indicating over 50% shattering^) ; 699 pro- 
tein percentage; (10) oil percentage; and 6179 iodine number of 
the oil. Both oil and protein were computed on a di 7 w'eight 
basis. 

Measurements w^ere taken on 10 randomly-selected plants per 
plot at McCullers and Monetta and the 10-plant mean used as 
the plot values for the following: .619 number of branches; 6-29 
number of nodes on main stem; f39 number of fruiting nodes on 
main stem; 649 average length of internodes of main stem; 659 


® Since the scores for lodging and shattering are inverted with 
respect to the direction in which selection is practiced, the signs 
of the correlations between the 2 characters and the other 22 
were reversed to facilitate the presentation of the data in terms of 
resistance to lodging and shattering. 
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Table 1. — -Rorm of covariance analysis. 


Source of 
variation 

di.* 

Composition of 
mean products 

Locations- 

1-1 


Reps in locations, 

Lines, __ 

l(r-l) 

p-l 

CO V e + reov i -f rico v p 

Lines x locations 

(p-l)(I-l) 

cove-f-rcovi 

'Error.„,.„..,^»-7 ■„„ 

l(r — I)(p— 1) 

COV c 


*1, r, and p symbolize mmlbers of locations, replications per location, and 
lines, respectively. 

number of pods per plant containing at least one fully developed 
seed; ((y) percent of pods with one seed; (1) percent of pods with 
two seed; (8) percent of pods with three seed; (9) average num- 


ber of seed per pod; fTO,} percentage of uiukvtdoped ovules in 
pods containing one or tnore good seed: (ll) number of .seed per 
plant; (12) average nuniber of seed pt'r node; and fI5j num- 
ber of ovules per^ pkint. Data m items 6, 7. 8, !>, and 10 were 
ba.sed on a sample of 20 pods selected at random from each of 10 
plants per plot. 

For each population all possible pairs of characters were analyzed 
by analysis of covariance and individual characters by analysis of 
variance methods. Results from the variance analyses of these 
data have already been reported (1). The form of the analysis 
is presented in table 1. From analysis estimates of cov.,, covj, and 
covp, the error, interaction, and progeny com ponents of covariance, 
respectively were, obtained. ■ Since only 1 year was involved, covp 
contains the true line or genetic coniponent cov^, and the com- 
ponent due to interaction of lines w'itli years, cov^j-: and covj^ 
contains covsiy and coVki, the components due to interaction of 
lines with locations and years, and lines wdth locations, respec- 
tively. The content of the cornponeiits of \-ariance for mean squares 
are analogous to those for, covariance. 


Table 2,-— Genotypic and phenotypic correlations between all pairs of 24 characters inea.siired at two or three locations- 
popiilation 1 and 2 values are on right and left side of diagonais respectively. 




Flowering ™ 

Fnilting 

'M'aturity. „ .. . 

Heights 

Yieid^.... 

Seed weighU^.c.. - - - - - - 
Ees. to lodg,.. „ „ „ _ ... _ „ _ .. 
Res. to shat.*. „ _ . 
Protein .. . ^ _ 

'Oil :... 

Iodine no... e... 

No. branches*...,. 

No, nodes 

No. fruiting nodes 

.Length of internodes. . 
No. pods/plant 

1- seeded pods % 

2- seeded pods 

d-seeded pods % - 

Av. no. seed,/ pod 

Undeveloped ovules 

No seed /plant 

No. seed /node 

No. ovuies/plant 



l^®l 




if 


Flower- 

ing 

time 

Fruit- 

ing 

period 

Matu- 

rity 

Height 

Yield 

Seed 

weight 

/Rl;‘S. to 
lodg. 

Res. to 
shat. 

Prol(4n 

Oil 

€(/ 

J{ 

Iodine 

No. 


-0,93 

0.34 

0.SC5 

-0.16 

-0,16 

-0,15. . 

-0.02 

0.14 

'-0.27 

0.24 


(-.9())t 

(.29) 

(.56) 

(-.09) 

(-.1.5) 

f- .13'). 

( - .01. ') 

t.lOl 

(......24) 

■■ (.2(1) 

-0.94 


.03 

. - .57' ' 

■ ■ '52 

. ■■ .29 

■ .35 

.18- 

■ ^.23' 


-.18 

(-.85) 


(.12) 

(-.40) 

(■.26)-. 

(.27) 

, (.30): 

■ {-.15)/ 

{■-.■MV- 

.■ c.ifi) 

{-.161 

.41 

-.05 / 


,56 

' ,75- ■ 

.38 

■ .-SS ' 

. .26 

■-,o:l ■ 


.06 

(.28) 

(.25) 


(.40) 

(.35) 

(.35) 

(.31) 

■(.23 V 

(-.04) 

i,-;.i6) 

(.00) 

.38 

'-.42 ■ 

.14 


9 2 

.11 

- .31 

,24 ■ 

- .08 

.00 

.19 

(.31) 

(-.30) 

(.11) 


(.31) 

(.14) 

(■-.21') 

■(.2'0) 

(-.06) 

C.05') 

(.07) 

-.15 

.27 

,40 

-.02 


.43 

■ .54, 

■ .47 

■, -.64 

■ .44 

-.08 

(-.09) 

(.14) : 

(.36) 

(.11) 


(.27); 

■ (.31) ■ 

(.22 V 

C-.33) 

(.82) 

(-.02) 

.00 

■.12"' 

.36 

.06 J 

.66 


. .',27. 

.■ ''.le' i 

.09 ’ 

/. 

1 -.25 

(-.01) 

(*13) 

(.32) 

(.06) 1 

■ (.45) i 


.,'(.22) 

(.15)- 

■ ( .11). i 

1 . C,'i2) 

i(-.23) 

-.2r' .i 

.06 i 

-.39 

-.42 

— .05 

■■■ .03',: 


'.OS'"' : 

■-,07 i 


1 .01 

(.18) 1 

(.09) 1 

(-.34) 

(-.39) 

(■-.13)' : 

(-.01) : 


(.05); ■ 

(-.06) i 

i (.10)^ 

1 (.01) 

- '.18 . 

■.■■.-.02' 1 

.44 

.20 

'■■ .37’ 

■ '/nS' ! 

' :-..20 


.'-.68'. ■■: 

/■ .18 i 

i - ,02 

(.09) 1 

' ■ ■ (‘92) .1 

'■ (.22)' 

(.13) 

■, (.23) : 

(,44)- 

.(-,13) 1 


(-.34) : 

I ■ (.17) : 

1 (.01) 

■ ■■.20 i 

— .25- ^ 

■ -.05'' 

.00 

.-..12",/ 

■ - .13' 

■ .16 

- .39 


1 ■-.48' 

.07 

(.16) 

(-.13) 

(.03) 

(-.03) 

(-.08), 

(-.09.) ' 


(-.26): 


K-.48) 

1 (.06) 

-.32' 

.30 .! 

-.27 i 

-.09 

■' ■ .02' ' 

■■ '.IB'-'i 

'..IL * 

. - .05'' / 

..■^ -''.70 ■ i 


i '.08 

(-.31) 

(..23.) 1 

'(-.28) ^ 

(-.07) 

(.00) 

'■ (.15.) ' 

' (.11) 


.(-.OO'v i 


! (.08) 

-.02 


■■'-.23'. 

-.19 

" ■ .03' 

.:.-.50 : 

■ -.dll ' i 

- .20 

■' ,09 : 

I '-..IH 1 


(■- ..02 ) , 

(■- .02)"i 

('“--.21) 

(-.16) 

(,00) 

(-.49) : 

'(.03).'! 

.(•- ..16V. : 

,'(.081 ! 

('.■■' .12) I 

f ■ ■ 



, .,42'. 

(.29) 

,m 

(.26) 
,06 
(. 02 ) 
.18 
(. 16 ) 
.20 
(.08) 
-- 2‘^ 
(--:i3) 
.28 
(.18) 
-.09 
(-.06) 
.06 
(.04) 
-,06 
(-.08) 
.22 
(.08) 
-.04 
(-. 02 ) 
,22 . 
(.08) 


(-.80) 

-.81 

'(-,18) 

(. 00 ) 

" - .27' ^ 
(-. 22 ) 
-.89 
(-. 12 ) 
.47 
(.25) 
-.43 
(-.23) 
-.02 
(-.06) 
-.29 
(-.19) 
,30 
(.18) 

:■ ■■-.53';/ 
(-.16) 
-,13 
(-.08) 
-.44 
(-.13) 


.16 

(.07) 

.35 

(. 22 ) 

.03 

(-. 02 ) 

-.13 

(-.06) 

-.27 

(-. 21 ) 

.05 

(.08) 

.02 

(-. 02 ) 

-.08 

(-.09) 

-.10 

(-.11) 

.14' 

(. 11 ) 

-.31 

(-.23) 

-.37 

(-.28) 

-.28 

(-. 21 ) 


■'■■,.39 ■ 

(.41) 

.54 ” 

(.54) (- 
■ .31 

(.32) (- 
■ ..7'2 ■■ ■ 
(.70) 
-.26 
(-.03) 
-.16 
(-.14) 
-.03 
(.05) 

.24 

(.14) (- 

.22 

(.16) (- 
-.09 
(-. 08 ) 
-.18 
(.06) 
-.36 
(-.17) 
-.21 
(.04) 


.07 

(.08) 

.07 

(.09) (■• 

- .05 ' ■ 

(. 01 ) 

.02 

(. 01 ) (- 
-.56 
-.33) (- 
.26 
(.15) 
-.02 
(. 02 ) (- 

- .29 
-.25) ir 
-.31 

-c22')'; (:- 

■:,' /41/7;,/ 

(. 22 ) 
-.64 
-.36) (- 

- 

-.37) (- 
-.58 
-.34) (~ 


..■■-.,88' ■' 

(-.18) ( 

(.06) r 

^ ■ '■.■04'' ■" 

(.06) 
■-/40 :: . '.■■/ 
.(■•-..I'S)' ' , 

^ — .44 
: ^^-'vl8J,: ■■,■;' 
.04 

(-. 01 ) ( 
1.07 
(-. 20 ) 

,.•— ■■ .nS;;''' 

19); jj 

(-. 21 ) ( 


-"-■■.(hi) I 

::C.25) '■(’ 

.20 

(.14) U 

..26'^^ 

-.24). ■ ■ 
'.OO". 
-■.04) ■ 
-.80' :. 

- .15) 
'.■■.28.' ■"■ 
(.12) (' 
■:/.0l'‘ ■■;'/'^ 
(.OSY'.C' 

'■ ^9.2 ' /'■'• 

'(‘ib)::..'!' 

.46 ;■ 

22 J" ;/■-,. 

(. 00 ) 


c;;; 
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Phenotypic correhitions were estimated in the following manner: 

TijIj — — . — 

V(Mii) (Mffi) 

where Mi -is the mean product for lines and Mn and Mb<. are the 
mean squares for lines for the characters (numbers 1 and 2) 
under consideration. 

Ihe genotypic correlations were estimated in a similar manner: 


where cdvihd, and are estimates of the progeny covari- 
ance component between a given pair of characters and "the progeny 
variance components of the characters, respectively. 

^ The expected change in one character as a result of selecting 
for another was estimated in the following manner: 


Expected change in imselected character =; 


¥' l’ +'rl 


where k is the expected mean phenotypic dilference between the 
selected material and all material available for selection in units 
of standard deviations of the selected character, and the denomi- 
nator of the fraction is the phenotypic standard deviation of the 
selected character, based on performance in r replications at each, 
of 1 locations in one year. 

: Selection indices for yield and oil percentage and the genetic 
advance expected from selection based upon the indices were 
computed in the manner described by Robinson, Comstock, and 
Harvey (2). 

Since covp includes both covariance ' in genotypic effects of lines 
(cov„) and covariance in interaction effects between lines and 


Table 2.- — (continued). Cienotypic and phenotypic correlations between all pairs of 24 characters measured at two or three locations- 
popuiation 1 and 2 values are on right and left side of diagonal, respectively. 


No; I No. 
branches nodes 


No, Length No. 1- 2- 

fruit- of pods seeded seeded 
lug inter- per pods pods 

node>s nodes plant % % 


0.53 

(. 39 ) 

--.65 

(™. 45 ) 

-.08' 

(-. 07 ) 

.45 

(, 40 ) 

.09 

(. 14 ) 

-.19 

(-. 11 ) 

-.47 

(-. 29 ) 

-.09 

(-. 07 ) 

-.14 

(-. 09 ) 

.03 

(. 07 ) 

99' : 


0.40 

(.28)' 

-.48 


(. 58 ) 

.04 

(. 19 ) 

. .25 
(. 23 ) 
-.41 
(-. 35 ) 
.15 
(. 13 ) 
.09 
(. 05 ) 
-.11 
(-. 06 ) 
.02 
(. 02 ) 


- 0.18 
(-. 13 ) 
-.02 
(. 00 ) 
-.50 
(-. 30 ) 
-.32 
(-. 09 ) 
.14 
(. 21 ) 
-.55 
(-. 33 ) 
-.38 
(-. 17 ) 
- .02 
(-. 04 ) 
- .61 
(-. 34 ) 
.35 
(. 23 ) 
-.01 
(. 02 ) 


- 0.24 
(-. 22 ) 
.22 
(. 15 ) 
-.08 
(-. 09 ) 
-.16 
(-. 16 ) 
-.25 
(-. 18 ) 
.61 
(. 45 ) 
.18 
(. 06 ) 
.12 
(. 02 ) 
.17 
' (. 13 ) 

^ : . 22 
(. 10 ) 
-.08 
(. 01 ) 


0.26 
(. 24 ) 
-.20 
(-. 14 ) 
.26 
(. 18 ) 
.13 
(. 15 ) 
.26 
(. 19 ) 
-.40 
(-. 30 ) 
-.22 
(-. 11 ) 
-.21 ^ 
(-. 08 ) 
-.09 
(-. 09 ) 
-.13 
(-. 04 ) 
.20 
(. 09 ) 


- 0.02 
(-. 01 ) 
-.05 
(-. 03 ) 
-.25 
(-. 14 ) 
.05 
(. 03 ) 
.00 
(. 01 ) 
-.36 
(-. 27 ) 
.03 
(. 02 ) 
.10 
(. 09 ) 
-.12 
(-. 08 ) 
- .14 
( - . 09 ) 
-.16 
(-. 14 ) 


0.15 

(. 14 ) 

-.17 

(-. 11 ) 

-. 06 ) 

(. 00 ) 

.11 

(. 11 ) 

.13 

(. 12 ) 

-.59 

(-. 44 ) 

-.10 

(. 01 ) 

-.01 

(. 04 ) 

-.16 

(-. 12 ) 

-.23 

(-. 12 ) 

-.04 

(-. 08 ) 


Unde- 

veloped 

ovules 

% 

- 0.27 

(-. 24 ) 

.20 

(. 13 ) 

-. 23 ) 

(-. 19 ) 

' 22 
(-^19) 
-.25 
(-. 18 ) 
.46 
(. 33 ) 
.02 
(-. 03 ) 
.21 
(. 10 ) 
.10 
(. 07 ) 
.19 
(. 09 ) 
.02 
(. 06 ) 


- 0.11 
(-. 09 ) 
-.09 
(-. 04 ) 
-.49 
(-. 28 ) 
-.25 
(- . 05 ) 
.18 
(. 23 ) 
-.72 
(-- 42 ) 
-.41 
(-. 16 ) 
.01 

(-. 01 ) 

-.64 

(-. 35 ) 

.24 

(. 18 ) 

-.03 

(. 00 ) 


-0. 53 
(-. 40 ) 
.34 
(. 21 ) 
-.67 
(”. 45 ) 
-.64 
(-. 43 ) 
.02 
(. 12 ) 
-.56 
(”. 39 ) 
-.27 
(”. 17 ) 
-.15 
(-. 10 ) 
-.36 
(-. 23 ) 
.11 
(. 10 ) 
-.13 
(-. 02 ) 


- 0.18 

(”. 14 ) 

-. 02 ' 

(-. 01 ) 

- .54 
(-. 32 ) 

- .30 
(™. 08 ) 

.10 

(. 20 ) 

-.59 

(”. 37 ) 

-.38 

(-. 17 ) 

.06 

(. 00 ) 

- .58 
(-. 34 ) 

.29 
(. 21 ) 
-.01 
(.01 > 


,04 

(.10) 

-.08 

(. 08 ) 

,45 

(. 41 ) 

.46 

(. 52 ) 

-.16 

(”. 15 ) 

.06 

(. 06 ) 

.12 

(.12) 

.17 

(. 15 ) 

■■"”,25 

(”. 19 ) 

.48 

(. 52 ) 

.35 

(. 44 ) 

.44 

(. 50 ) 


.80 

{. 75 ) 

-.20 

(”.22) 

-.40 

(-.01) 

,07 

(-. 03 ) 

-.10 

(.00) 

.04 

(. 05 ) 

-.06 

(. 03 ) 

.07 

(-. 03 ) 


-. 44 ) {- 
-.40 
(.00) 


,08 

(.11) 

-.18 

(”. 17 ) 

-.43 

(-. 34 ) 


-.01 
(. 04 ) 
-- .24 
(-. 16 ) 
.04 
(. 07 ) 
.24 
(. 13 ) 
.29 
(. 16 ) 
-.15 
(-. 09 ) 
.08 
(. 08 ) 
.17 
(. 18 ) 
.06 
(. 06 ) 


.15 
(. 33 ) 
.09 
(. 17 ) 
.39 
(. 44 ) 
■-. 51 ' 
(-. 27 ) 


,05 

(-. 14 ) 

-.08 

(. 06 ) 

.03 

(.10) 

-.04 

(. 14 ) 

.00 

(-. 16 ) 

.94 

(. 97 ) 

.86 

(. 87 ) 

,96 

(. 98 ) 


-.13 

(-. 09 ) 

-.18 

(-. 18 ) 

-.05 

{-.10) 

-.02 

(-.01) 

-.03 

(-. 08 ) 


-.67 

(-. 75 ) 

-.42 

(-. 38 ) 

-.87 

(-. 87 ) 

.92 

(.88) 

-.24 

(-. 34 ) 

-.23 

(-. 30 ) 

-.03 

(-. 18 ) 


.23 

(. 15 ) 

-.01 

(. 04 ) 

-.05 

(.00) 

.17 

(. 14 ) 

-.04 

(.02) 

-.77 

(-. 80 ) 


-.40 

(-. 31 ) 

.22 

(. 37 ) 

-.84 

(-. 79 ) 

.00 

(. 15 ) 

,06 

(. 14 ) 

-.20 

(.00) 


-.12 

(-. 08 ) 

.27 

(. 23 ) 

.15 

(. 16 ) 

' '-.21^ 
(-. 20 ) 
.10 
(. 09 ) 
-.43 
(-. 42 ) 
-■',25 
(-. 20 ) 


,80 

(. 73 ) 

-.10 

(-. 15 ) 

,31 

(. 28 ) 

.21 

(. 24 ) 

.28 

(. 26 ) 


.01 

(.02) 

.23 

(. 23 ) 

.08 

(. 15 ) 

-.10 

(-. 10 ) 

.01 

(. 09 ) 

-. 89 ' 

(-. 90 ) 

.41 

(. 48 ) 

.77 

(. 74 ) 


-.64 

(-. 67 ) 

.29 

(. 37 ) 

.25 

(. 33 ) 

.14 


-.07 

(-. 03 ) 

-.20 

(”. 19 ) 

-.03 

(-. 08 ) 

-.08 

(-. 03 ) 

.13 

(. 04 ) 

.88 

(. 86 ) 

-.88 

(-. 83 ) 

-.10 

(”. 15 ) 

-.65 

(-. 67 ) 


-.21 

(-. 31 ) 

-.21 

(”. 29 ) 

.03 

(”. 13 ) 


: .16 
(. 32 ) 
.16 
(. 22 ) 
.39 
(. 45 ) 
-.50 
(”. 27 ) 
.93 
(. 90 ) 
-.35 
(”. 30 ) 
.11 
(. 14 ) 
.37 
(. 28 ) 
.36 
(. 33 ) 
-.11 
(-. 14 ) 


-.23 

(. 07 ) 

-.51 

(”. 35 ) 

■ - .22 
(”. 01 ) 
-.32 
(”. 19 ) 
.76 
(. 80 ) 
-.16 
(”. 19 ) 
.08 
(. 11 ) 
.14 
(. 15 ) 
.15 
(. 20 ) 
.04 

(-. 02 ) 

.76 

(. 80 ) 


.13 
(. 32 > 
.12 
(. 19 ) 
.38 
(. 45 )' 
-.52 
(-. 29 ) 
.96 
(. 93 ). 
-.11 
(-. 14 ) 
-. 13 ' 
(-. 02 ) 
,36 
(.27 > 
.20 
(. 22 ) 
.16 
(. 06 ) 
.96 
(. 92 ) 
.76 
(. 81 ) 


* Correlations involving shattering and the last 13 characters estimated from data from two locations only for papulation 1, and those involving shattering,, 
flowering time, and fruiting period for one location only for population 2, ^ 

t Phenotypic correlations are in parenthesis. ^ 
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years (eovsy), estimates of cov„ are bia.sed as estimates pt covs 
if covariance in line-year interaction effects exist. Such bias rnay 
be either positive or negative depending on whether covsy is posi- 
tive or negative. The situation is similar for the progeny variance 
except that this bias, if it exists, is positive sinar 
being a variance, cannot be negative. Thus the estimates of geno- 
typic correlations %vere in reality of 

CCWsia-f COVsyi- , . . COVsu- 

rather than or — ==== 

V {(r\i + V <r“s,. 

and the biases referred to above could be a source of considerable 
bias in the estimates of genotypic correlations. However, exami- 
nation of table 2 reveals a rather striking general agreement (m 
both sign and magnitude) between listed estimates of phenotypic 
and genotypic correlations. This suggests that for the most part 
the character correlations are similar for genotypic and non-geao- 
typic effects and hence that the estimates of genotypic correlations 
as made were not seriously distorted by the fact that they rellect 
correlation in line-year interaction effects as well as in genotypic 
effects. 

RESULTS 

The correlations among characters measured on a plot 
basis were more consistent between the two populations 
than wx^re those for characters measured on individual 
plants, and in general the genotypic correlations were 
slightly higher than the phenotypic (table 2). Long fruit- 
ing period, lateness, heavy seed, and resistatice to shatter- 
ing were appreciably correiated genetically with high yield 
in both populations, and genotypic correlations of yield 
with resistance to lodging, low protein, and high oil were 
near 0.5 in population 1 but negligible in population 2. 

Oil and protein percentages were negatively correlated 
in both Liopuiations, High oil was genetically correlated to 
a limited extent with early flowering, long fruiting period, 
and earliness in both populations and with high yield in 
population 1, while high protein was negatively correlated 
genetically with resistance to shattering in both populations 
and wdth high yield in population 1. 

The correlations presented in table 2 indicate that the 
13 characters measured on individual plants have limited 
practical usefulness as indicators of high yield, oil, or pro- 
tein, with the possible exception of number of branches as 
an indicator ol yield in population 2. Number of branches 
was the easiest of the 13 characters to measure and in 
population 2 its heritability w^as almost twice that for 
yield (T). 

The opposite direction and differences in magnitude of 
the ‘ correlations between various pairs of characters in the 
two populations demonstrate distinct differences in the 
relationships between characters in the populations. Thus 
there would be no reason to expect consistent associations 
between these characters in other segregating populations 
of soybeans. 

Estimates of expected progress in improving yield by 
selecting for characters other than yield, expressed in per- 
centage of the progress expected from selecting for yield 
itself, are presented in table 3. These estimates vSuggest 
that selecting for a long fruiting period, lateness, heavy 
seed, resistance to shattering, low protein, and high oil in 
both populations and resistance to lodging in population I 
should individually give improvement jn yield, the amount 
varying with the different characters. The estimates in most 
cases are surprisingly high; however, the heritabilitie.s of 
the characters considered are higher than for yield and 
one can select for them with a high degree of effective- 
ness. Therefore, since the characters are genetically corre- 
lated with yield, some, such as maturity in population 1 


Table 3. — Progress expected in yield resulting from selection 
for other chara€ters-*-expressed in percentage of the change 
expet ted when selection was for yield itself. 


Charactei j 

1 

Popiiintion , 

; 1 ' 1 

Population 

, ■ 2 

Fruiting period.., | 

1 82.8 ■ 

65,7 

Maturity..., ■ 1 

11 0.0 

, o7.4 

Seed weight,.: - 

68.2 

1 105.4 

Resistance to shattering" 

65.6 

. ■ 

Resistance to lodging . 

■ T9 . 1 ■ 

! f ; 6,0 

Protein - 

(" — ) t 86.5] 

i (-') 17.8 

Oil % - i 

r 67,6 

1' ^ 6.7 

DaCi ifjir twr> and cifie locations only h: 

,ir popHl;ilis:tri 1 an 

id 2, respect ivdy. 


t( — ) indicates a negative rissociatlon. 

Table 4. — Progress expected in oil percentage resulting from 
selection for other characters— expressed in percentage of 
the change expected when selection was hir oil 
percentage itself. 


Charatdtu’ | 

j 

]5)puhition 

'1. 

Pt)pulation 

Flowering time* - i 

(-.if 29.2 

(-1 62.6 

Fruiting period* J 

. 22 . 6 

26.9 

Maturity,..., -1 

("-) 21.2 

1 (-) 24.9 

Yield.:.;,,.: :.] 

28 . 5 ■ 

r 1.6 ■ 

Seed, weight-- i 

12. T 

18.2 

Resistance to lodging ■ ... 

!l . 5 

i 9.7 

Protein 

( - 'i 42 . 5 

1 ( } 67 . 5 


* Data Ur one location on l.v for po|:n!iauoii 
. f (—j indkaUs a negative ' airSociatUii. 

Table 5.' — Progress e.xpetted in yield from selection based on 
a combination of characters— expressed in percentage of the 
change expected when selection was for yield itself. 


Character . ■ | 

,Po|:>t, il til- 

lit ui 1 

' Popula- 
tion 2 

Fruitiiig period* 1 ;> 

82.8 

65.7 

(1) ~b seed weighted ! j 

1 95.5- : 

l',l,.0.7 

dVT (2) 4- lodging* 6) .. 

■ 107.8 

111.1 

(Ti -f i2t 4- (6 1 -f-pnUann c., . 

i. '165.7 

1 1 1 .1 

{ 1 ) 4 ('2 } 4 0? s “b i; 4 ,1 -I- oil %* 5't 

; :i66.o ■ 

115.0 

f,l j4l2}4(6i'-b£4.j"bo5!4yidd_ , 

! dMO.S- ■ 

126.1, 


and seed weight in population 2, may 'actually be as good 
indicators of yield as yield itself. 

In general, estimates of the progress expected in oil 
content from selecting for other characters (table 4) were 
substantially smaller than similar ones for yield. They 
similar in magnitude in the two populatii.ais and indi- 
cate that .selection for early flowering, long fruiting period, 
earliness, high yield, heavy seed, resistance to lodging, and 
low protein should be effective in increasing oil content. 

Estimates of genetic progress in yield expected from 
the use of various selection indices, expressed in percent- 
age of the progress expected from selection for yield, are 
presented in table 5. Selection based on a ctmibination of 
fruiting period and seed weight appeared almost as effec- 
tive a.s selecting for yield in population i and more effec- 
tive in population 2. When lodging was considered in 
conjunction with the other two characters, expected prog- 
ress was increased considerably for population I but scarcely 
changed for population 2. Addition of protein percentage 
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Table 6.— Progress expected in oil percentage from selection 
based on a combination of characters— expressed in per- 
centage of the change expected when selection was 
for oil percentage itself. 


Character ■ j 

1 1 

i Popula- j 
tion 1 i 

i 

Popula- 
tion 2 

Flowering timed ) _ _ 

29.2 

32,6 

( 1 ) "h f r ui ti ng period 1 2 ) 

30.2 ! 

32.7 

d ) -f ^ 2 ) -f seed weight ( 3 ') 

32.3 

37.7 

(l'i-t-(2> + i3s+protein %i4K-- 

54.6 

72,3 

(l'i + (2l + (3) + i4)+Oi! % 

100.4 

100.2 


to the index had a similar effect to that obtained with 
the inclusion of lodging, while addition of oil percentage 
had little effect. The addition of yield to the index com- 
posed of the five characters mentioned above resulted in a 
small increase in the apparent efficiency of the index in 
both populations. 

Expected progress from selection based on combinations 
of characters genetically correlated with oil was not appre- 
ciably greater than that from selection based on time of 
flowering alone, unless protein percentage was in the com- 
bination (table 6), Although improvement in oil content 
was indicated as a result of selection based on time of 
flowering or fruiting period (table 4), it appeared almost 
as profitable to use either character alone as to use the 
two in combination. This is because they are highly corre- 
lated with each other both genetically and phenotypical ly 
(table 2). Similarly, selection based on protein percentage 
alone appears almost as effective in improving oil content 
as selection based on protein percentage in combination 
with other characters, and the use of an index composed of 
oil percentage plus flowering time, fruiting period, seed 
weight, and protein percentage, all genetically correlated 
with oil percentage, appears no better than using oil alone. 

DISCUSSION 

Genotypic correlation coefficients provide a measure of 
the genotypic associations between characters and give an 
indication of the characters that may be useful as indicators 
of the more important ones under consideration. They also 
may help to identify characters that have little or no impor- 
tance in the selection program. In any event, they provide 
basic information extremely useful to the breeder in under- 
standing the species with which he works. 

The practical utility of selecting for a given character 
as a means of improving another depends on the extent to 
which improvement in the major characters is facilitated by 
selection for the indicators. Such improvement depends not 
only on the genotypic correlations but also on the pheno- 
typic correlations and the variances, both genotypic and 
phenotypic, of all characters included in the selection 
scheme or index. Characters wdiich have no value in them- 
selves and are not normally measured in the selection pro- 
gram are worthy of inclusion in the selection scheme only 
if their inclusion results in greater improvement of the 
important characters in terms of cost and/or time. In addi- 
tion, correlations between indicator characters and those of 
major importance must be in the same direction in different 
populations if selection for the. indicator characters is to 
be of general utility. 

Genotypic correlations among characters for which selec- 
tion is practiced may have important implications in breed- 


ing procedures. Johnson, Robinson, and Comstock (1) 
pointed out that effective selection for yield in soybeans is 
more difficult and requires more replications over years, 
locations, and in individual tests than selection for other 
important characters. They also reported data indicating 
that effective selection for such characters as length of fruit- 
ing period, maturity, height, seed weight, resistance to lodg- 
ing and shattering, and oil and protein percentages could 
be practiced at one well-chosen location in one year. They 
suggested a breeding procedure in which selection for 
important characters other than yield is practiced in early 
generations, while seed supplies are built up for more 
extensive testing for yield. If the effect! \^eness of some of 
the individual characters or combinations of characters as 
indicators of yield reported in this paper were of general 
occurrence in segregating populations of soybeans, breed- 
ers could easily and efficiently improve yield by selecting 
for other characters in early generations. The magnitude 
of genotypic correlations and the weights assigned to vari- 
ioiis characters used in selection indices wall vary from one 
population to another, but this variability is of secondary 
importance as long as a positive effect relative to yield is 
associated with selection for other characters in the direc- 
tion that is natural for the characters in question. 

Negative genotypic correlations between characters selec- 
ted for in a breeding program may result in a reduction 
in the rate of improvement for some of the characters in 
comparison to the improvement that could be attained if 
the correlation were positive or non-existent. For example, 
assuming that the negative correlation between resistance 
to shattering and protein percentage (table 2) is represen- 
tative of segregating soybean populations, selection for 
resistance to shattering has reduced the probabilities of 
finding high-protein genotypes. Selection for resistance to 
shattering is done quite effectively in the F, and F., gen- 
erations of a cross, and selection for protein percentage 
is not normally practiced prior to the F.^ generation. Thus, 
early selection for shatter-resistant genotypes, which also 
tend to be low-protein types, would result in the discard- 
ing of some of the high-protein genotypes before they 
were even evaluated for protein. 

The correlations between characters normally considered 
in soybean breeding programs (table 2) indicate that char- 
acter associations are in general favorable to the breeder 
as long as the relative emphasis in breeding for oil and 
protein continues in favor of oil. However, should eco- 
nomic conditions necessitate a reversal in this relative 
emphasis, the negative correlations between yield and pro- 
tein percentage and between resistance to shattering and 
protein percentage, if they are general in occurrence, may 
prove to be serious limitations in breeding for high protein. 

It should be pointed out that the correlations between 
resistance to shattering and yield or between susceptibility 
to shattering and protein content were not caused by loss 
of beans due to shattering. The shattering notes were taken 
approximately 2 weeks after harvest and little or no shat- 
tering had occurred at the time of harvest. 

A probable explanation of a part of the difference 
between the correlations of resistance to lodging and yield 
in the two populations (table 2) also should be pointed 
out. Lodging of both parents and the lines in population 
1 frequently resulted in the loss of dominance in the ter- 
minal bud and the decay of a high percentage of the leaves 
and flowers that were shaded. In contrast, lodging of the 
Seminole parent and many of the lines in population 2 
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Table 7. — ^Plot means for characters measured on parental varieties and lines.* 


Character 

Population 1. 

3 Locatirms 

I^npidatioii 2, 

2 Locations 

Roanoke 

Palmetto 

Lin(‘s 

K42 

-26 

Seminole 

•Lines : 

Flowering time f - - ^ - 

64.0 

79 

7 

70 

9 

64. 

0 

76 

0 . 

(59 

6 

Fruiting period t . . : - 

94.2 

75 

6 

87 

61 

2 

89 

5 

83 

68 

8 ' 

.86 

9 

Maturity _ _ _ , .. _ _ 

61,9 

59 

0 

9 

62' 

« 

0 

66 

3 . ■ 

Height (in.)_ - 

39.7 

50 

0 

45 

8 

41 

8 

,1 ■ 

44 

3.1 

4 

■42 

1 

Yield ( Bu . ./a) ... .„ „ ' ■ .. .. 

■ 35.8 

25 

8, ■ 

31 
. 14 

8 

34 

15 

4 

32 

2 

Seed weight ( G . / 100 ) „ ... . .. - 

17.1 

12 

9 

6 

3 

29 

i 

21 

4 

Lodgings ... : .. _ - - 

2.S 

3 

i 

3 

4 

'? 

6 

: 3 

8 ■ 

3 

1 

Shattering f . _ „ _ _ _ .. .. ... 

.7 ■ 

3 

5 

2 

4 

1 

3 

1 

2 

1 

'u 

Protein L ’ 

40.1 

43 

7 

41 

8 ■ 

, 42 

8 

44 

0 

■ 43 

6 

Oil % 

21.4 

17 

S ■ 

19 

4 

19 

4 

17 

5 

18 

6 

Iodine number . 

134.4 

136 

8 

134 


135 

V 


3 ' 

136 

8 

No. branches 1 

2.0 

3 

5 

. O 

■8 

«r 

i 

1,^ 

9 

rt 

"> 

No. ■ nodes .. „. ..._■ .... .. .... .. ; 

15.1 

19 

5 

■ 17 

0 

17 

4 ' 

. 19 

3' 

18 

1 

No, f ruiti ng nodes, „ . _ . _ . . 

10.9 

13 


12 

2 

' 12.. 

1 ■ i 

11 

6 

12 

0 

Length of internodes (in. ) - 

2.4 


'6 ■ 

0 

5 ■ 

.> 

4 ■ ! 

.rt 

:> 

2 

3 

No. pods/plaiit„.-_,. - 

41.6 

■ 52 . 

4 

! '47 

6 ■; 

■ 44 ' 

' ,29 

i 


8 ; 

"38 

5' 

l-seeded pods %.. , .. ■ : ' ... ■. ■ : ... 

27 2 

i>V,| 

6 ■ 

i 24 

rt 

6 j 

■ 20 

2 1 

26 


2-Heeded pods ... .. .. : : 

65.3 

71, 

6 

1 ■ 68 

6 ! 

I 6:1 

7 ■ ' 

65 

S' 

66 

4'- 

il-seeded pods %... .. ... ... ... ... : "f ■ ■ .'. : .. 

■ 7.5 

. 5 

8 

i f 


i 6 

7 ■ 

1 14 

t'l ^ 

! . 7. 


Av. no, seed'/pod , ... „ - 

, 1.8 

1 

■8 

i' 1 

8 

( ■ i 

K 

i 1 

9 ^ 

1 , i 

8 . 

Undeveloped ovules . ■ :. 

11.9 

8 

9 

1 i'l 

0 

! bl 

6 '-'i 

1 11 

.'j 

I 12 

h 

No., seed /plant.,.., , ^ ,. 

75 . 1 

95 

9 

i 87 


! ’1 8 

1 

1 54 

0 i 

1 70 

0 

No. seed /node .. .... ... : 

■ 5.0 

4 

9 

i 5 

0 

! 4 

5 

1 2 

8 ' ; 

3 

9 :■ 

No. ovules,/ plant 

85.3 , ■ 

J05 

0 

j- 98 

(.1 

I 92 

1 

; 59 

3 . . I 

1 . 79 

1 ,■■■:■ 

9 


* !Mt'iins rtf five entries of each parental . variety per replication in puiriilatioji I ami three (.Miliie- jua' ruplh.aiioa in iheiisw^ion. 1' . , Isiiu aie nu'ans of all 

linea in the sample. ' ■ 

tFor one location only for papulation 2. 

:}: For two and one locations only for population 1 and 2, respectively, . 

§ Means for last 13 characters from daui at two locations only for poimlation I. 



did not break the dominance of the terminal bud or result 
in excessive loss of leaves or flowers from shading. 

It is recognised that linkage complexes could be a source 
of differences in the correlations among characters in seg- 
regating populations of sopbeans. However, means of the 
various characters in the parental varieties (table 7) and 
the correlation coefficients in table 2 provide no consistent 
evidence on the effects of linkage in this study. In some 
cases, such as heavy seed and high yield, the character asso- 
ciations in the parents and lines were in the same direction 
in one popiulation and reversed in the other. Since soybeans 
have 2{f pairs of chromosomes, it would seem logical tci 
expect recombinations of gene.s conditioning quantitative 
characters to apprcoach random assortment. Neverthele.ss, 
the number of correlations indicating that character assc,)- 
ciations in the lines were in the same direction as those 
in the parents appears to be in excess of that expected on 
the basis of chance alone. Linkage cannot be eliminated as 
a source of some of the correlations, but it is apparently 
not the source of some of the larger and more consistent 
ones, which must have arisen from the fact that the char- 
acters are affected by some of the same underlying proc- 
esses in the plant 

SUMMARY 

Twenty-four characters were studied in the two popula- 
tions of Fg lines of soybeans in the generation. The 
lines of 1 population were evaluated at 2 locations, and 
those of the other at 3 locations in 1950. 

Genotypic and phenotypic correlations between 13 char- 
acters measured on an individual plant basis and yield, 
oil percentage, and protein percentage were generally low 


and inconsistent . between the two .populations. The "Charac- 
ters were considered to have little value a,s indicators of 
yield, protein percentage, or oil percentage. Correlations 
between characters measured <ui a plot basis were mevre 
consistent and in genera! the genotypic ccirrdations were 
slightiy higher thaii the phenotypic. The following geno- 
typic correlations were appreciable in magnitude in one or 
both populations and may be of practiod wdue in .selec- 
tion: high yiehl with long truiting period, lateness, heavy 
seed, resistance .shattering and lodging: ant! low pnHein 
with high ciil aiui resistance to shattering. Oil percentage 
vms more strongly a>rrelated with early flowering, long 
frititing period, and early maturity than with other charac- 
ters; however, correlations involving oil percentage gener- 
ally were low in magnitude. 

Estimates of the progress expected in yield from select- 
ing for other characters genetically correlateti with yield 
varied considerably betw'cen the two populatituis. dT'hey 
indicated that selecting for a long fruiting period, lateness, 
heavy seed, resistance to shattering, low protein, and high 
oil in both populations and re.sistance to lodging in popu- 
lation 1, in varying degrees should he effective in increas- 
ing yield. Similar estimates for oil percentage w-ere smaller 
in magnitude but more consistent in the two populations. 
They indicated that selectiiui for early llcnvering, long 
fruiting period, earliness, high yield, heavy seed, resistance 
to lodging, and lew protein should be effective in increas- 
ing oil percentage. 

Estiniates of genetic progress in yield expected from the 
use of various selection indices indicated that selection 
based on the combination of fruiting period and seed 
weight would be essentially as effective as .selection for 
yield itself in both populations. Addition of resistance to 
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lodging, oil percentage, and protein percentage to the index 
resulted in a moderate increase in its efficiency. Indices for 
oil content were considerably less effective than selections 
based on oil percentage itself, and even when oil percent- 
age was included in the index the indicated progress did 
not exceed that expected from selection for oil alone. 
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Development of Pods and Seeds of Birdsfoot Trefoil, Lofy/s 

L., as Related to Maturity and to 
Seed Yields^ 


S. R. Anderson- 




E xperimental trials and farmers’ experiences have 
shown that the primary factors limiting the value of 
birdsfoot trefoil, cornkulatus 1..^ as a forage legume 

are low seed yields and lack of seedling vigor. Birdsfoot 
trefoil is known to have a high potential seed yield but 
seed pods dehisce freely upon ripening. In addition, indefi- 
nite flowering habit makes it difficult to judge the proper 
time for seed harvest Flower formation, immature and 
ripening pods, and dehiscing of pods have been observed 
(1, 3, 6, 7) on an individual plant 
There is a lack of agreement (1, 4, 8) on the proper 
stage of maturity to harvest for seed. Recommendations 
were for the most part, vague in regard to what specifically 
determined a ripe pod. MacDonald (6) found that further 
development of seed viability, size, and weight was not 
appreciable after pods were greenish white, or sprinkled 
with brown. At this time the seeds were in the late dough 
stage. Hickel (3), Schribaux (9), and Bussard (2) indi- 
cate that normally dehisced seeds of birdsfoot trefoil have 
a high percentage of hard seeds, but that threshed seeds 
were lower in hard seed content due to scarification by the 
thresher. MacDonald (6) recognized hard seed as a prob- 
lem of major consequence. Hughes et al. (5) found that 
maximum germination could be attained by ^scarifying the 
seed once and that additional scarification injured seed. 

Difficulties in seed production have resulted in very high 
seed costs of domestic seed and have been a primary 
obstacle to more rapid use of this forage legume. The pur- 
pose of this investigation was to study basic factors in 
seed and pod development as related to the proper stage 
of maturity to harvest birdsfoot trefoil for maximum seed 
yields. .■ 

^ Contribution from the Agronomy Department, Iowa Agr. Exp. 
Sta„ Ames, Iowa., from re,search under Project 1001. Approved 
for publication as Journal paper No, 2771. Received for publica- 
tion May 20, 1955. 

^ Formerly Instructor in Farm Crops, Iowa State Colleg^ Now 
Assistant Professor of Agronomy, Ohio State University, Colum- 
bus, Ohio, and Ohio Agr. Exp. $ta„ Wooster, Ohio. 


; MATERIALS AND METHODS 

All investigations reported in this study were made using the 
domestic type (Empire strain) of broadleaf birdsfoot trefoil with 
plantings made in the spring of 1951 on the Agronomy Farm 
at Ames, Iowa. A nursery of clonally propagated single plants was 
used for critical measurements of pod and seed development. A 
pure stand was established in an adjacent area for additional 
experiments. 

The harvested plots requiring threshing were mowed with a 
small plot mower with a 36-inch cutter bar. Herbage was cured 
on individual strips of sisalcraft paper to prevent loss of dehisced 
seed and stored in heavy burlap bags for 3 to 4 months until 
threshed with a small grain plot thresher. Seeds were thoroughly 
cleaned, weighed, and calculated seed yields reported in pounds 
per acre on an air-dry basis. 

Germination tests were made on blotter paper in petri dishes 
and allowed to germinate at 75*^ F. for 8 days. Some of the seed 
lots wmre scarified to compare the results with unscarified lots Of 
the same seed. 

All replicated experiments in this study were randomized com- 
plete block designs. At least 4, and in some cases, 5 and 6 repli- 
cations were used, depending on available land area,® Four experi- 
ments were conducted in 1952 arid 1953 to measure the rela- 
tionships between stage of maturity and seed yields and quality. 

A study was made in 1953 to determine the number of days 
required to produce morphologically mature seed, using a clonally 
propagated single-plant selection typical of the Ernpire strain. 
Budding umbels were tagged at two dates, June 13 and 17. On 
June 14 and 18, the umbels were, in full bloom, which , was con- 
sidered as the date of pollination. Thirty umbels were harvested 
on siicces.sive 3-day intervals after full bloom and the length . of 
initial pod from each umbel was measured and recorded. On the 
ninth day, in each group, seed was recovered after drying the 
pods. Two hundred seeds from each harvest were initially dried 
at 100° F. and later dried to a constant weight to determine mois- 
ture percentages. 

Studies were conducted in 1952 and 1953 to determine the 
quantity and quality of seed produced in umbels as they approached 
maturity. In 1952, pods were harvested at four stages of develop- 
ment. Samples of immature pods, ranging from purple to light 
green in color, were harvested IS days after full bloom. Six days 
later light brown pods were harvested. Samples of dark brown 
and black colored pods were harvested each on successive 4-day 
intervals following the light brown stage. One hundred represen- 

®The procedures outlined by Tukey (10) were followed to 
measure diflFerences in treatment means. 
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tative umbels were collected from each plot in each of 5 repli- 
catioas iind held in dry storage for further study of seed yields 
and germination. 

A inore precise test on pod maturity 'svas made in 1953. About 
125 umbeis in bud stage were tagged on June 19 in each of 5 
plots replicated 5 times. Flowers were fully open on June 20. 
Pods were harvested on July 8, July 12, July 16, July 20, and 
July 24, Pods were given the following color classification m 
order to harvest date: dark green, light green, light brown, dark 
brown, and black, respectively. The pods were dried for further 
study of seed yield, germination, and weight per 1,000 seeds. 

In the third experiment, conducted in 1952 and 1953, plots 
were harve.sted at successive dates starting at^ rather immature 
through mature pod stage. Samples, 20 by 3 feet in lyea, were 
harvested at each date from 6 replications in 1952. The proce- 
dure in 1953 was similar, but/due to shortage of area for con- 
ducting the experiment, only four replications were used. Data 
on seed yield, seed size, pod maturity, and germinations were tab- 
ulated. Representative samples of 100 light brown umbeis were 
taken from the borders of plots at each date in the above experi- 
ments to determine the number of pods per umbel and_ number 
of seeds per pod at each date. This was the fourth experiment ol 
this study. 

EXPJERIMENTAL RESULTS 
Development of the Seed and Pod 

An attempt in this inve.stigation was made to determine 
the number of days after bloom required to produce * 'mor- 
phologically mature’* seed. Morpholog^ical maturity is used 
here to indicate the stage of seed development where no 
further increase in dry weight 'v.nis attained. 

Pod length increased rapidly following pollination (iig- 
use 1) and reached about three-fourths their final length 
wiithin 6 days and maximum length by the 21st day. Notice- 
able diametrical development of the pods began about the 
15th day, due to rapfid seed development at this stage. 

It was observed that pods progressed through rather defi- 
nite color changes in their deveiopmeat. Pods were first a 
wcaxy, deep green color when very young, changed to a 
deep purple color approximately 1 w^eek following full 
bloom and again to a dark green color soon after the 15th 
day. Pods remained dark green for about 1 week, and at 
this time they increased greatly in diameter. During the 



Fig. 1. — Development of the initial pod in birdsfoot trefoil at 
: successive stages of growth following full bloom. 


period from 21 to 24 days after full bloom, there was a ^ 
noticeable change to a light green watery color and within 
3 or 4 additional day.s the pods changed to an oily, light ■ [ 

Imnvn color. The color t:hange.s were rather rapid' at this' . ■ I 
point, changing to dark brown in 3 or 4 more days. At | 

about 32 to 34 days after full bloom, the pods were black. i 

These color changes were consistent and are important in f 

estimating the proper stage of raaturit}’ to harvest the [ 

seed crop. __ ^ . p 

Seeds were too small to separate from pod fragments | 
until the ninth day after full bloom. Even the 9-day old I 

seeds were extremely small and immature. Rajnd seed devel- : 

opment began (figure 2) at about the 15th day following [ 

full bloom and progressed until the 24th day when further | 

development was small. It was possible that morphologi- | 

cal maturity of seed was readied between 24 and 2? days, j: 

at which time the pods changed from wxitcry, fight green to 1 

an oily, light brown color. As nearly as calculations from i 

both experiments permit, morphological maturity of seeds i 

was attained 27 ■ days- following full bloom (.figure 2). f 

An estimate of moisture content of the seeiJs at niorpho- i 

logical maturity indicated that: seeds contained approxi* j 

rnatcly 35 to 40% moisture. i 

■ 'i': 

■Pod Color ill Relation to Stage of Maturity, to Harvest ^ f 

In 1 953, samples of lOn urnlxls per j'slot were harvested I 
48 -days after full bloom when the pods wore dark green ^ ' ' - I 

in; color. Samples were taken later at. -light brown, -dark , ■ , 

browm and black color stages as they appeared. Highly sig- ' J 
nificant differences were found in seed yield and probable j, 
live seeds in. this experiment, with the difference clearly de- ; | 

■ fined as A result of the inferior seed iiroduced by the- ereen 
pods. ^ 

■In 1953, samples of 100 dark g.reen pods -were harvested 
19' days following.full, bloom, followed by har\ecsts of light ■ j 
green, light brown, dark brown and black p.ods, each at ; 
subsequent 4-day intervals. Seeds prtHluced from immature ; 
dark green pods were inferior in all respects, yet immature i 

light green pods poHiuced seed of high quality equal to ■ 

seed from light brown to black pods (table 1). 



Fig. 2. — Development of the seed of birdsfoot trefoil at successive 
stages of growth following full hloom. 
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Table 1. Seed weight, seed yield and germination of birdsfoot trefoil in 1953 at successive stages of maturity, 

as indicated by pod color. 





Germination 

Stage of maturity based on pod color 

per 

1000 

yield 

Unscarified 

Scarified 


seeds 

! umbels 

Germ. 

^ HS 

PLSt 

Germ. 

HS 

?LS 


(grams) 

(grams) 

% 

% 

% 

% 

% 

% 

Dark green. .. .. 

0,66 

2.51 I 

11 

27 

38 

43 

2 - 

45 

Light green ■, _. .. _ j 

1.01 

5.29 I 

14 

76 

90 

86 

1 

87 

Light brown. - I 

1.02 

5.10 1 

11 

79 

90 

85 

1 

86 

Dark brown J 

1.02 

5.75 

12 

77 

89 

88 

2 

90 

Black - 

1.01 

5.26 1 

13 

73 

86 

85 

■ 1 j 

86 

Allowance^^ .. ' J 

.08 

.71 ' 

-- 

— 

11 

— 


8 


Allow mice' — Tiikey^s (10) allowance used to measure individual differences, 
t Probable live seed. 

Table 2.— "Pod deveiopment, seed yields, seed weight and germination of birdsfoot trefoil harvested at successive dates in 1952, 


T ^ 

Estimated percentages of pod development 


Weight 

rvp'p 1 onn 

Percentages of 

ill vt- 

harvested 

Bloom 

Im- 

mature 

Green 

Light 

brown 

Dark 

brown 

Black 

De- 

hisced 

yield 

(Lb./A) 

seeds 

(grams) 

Germi- 

nation 

Hard 

seeds 

Probable 
live seeds 

July 13 

' ’ 5 

26 

31 

■■ 28 

10 

q 

Tr. 

135.2 

0.930 

54 

14 

68 

July 15 

o 

14 

21 

33 

25 

5 

Tr. 

131.0 

0.935 

59 

17 

76 

July 17... 

Tr. 

9 

12 

35 

36 

8 

Tr. 

131.0 

0.961 

60 

14 

74 

July 19....... „ 

0 

6 

10 

19 

39 

25 

1 

140.9 

0.951 

64 

16 

80 

Juby21 

0 

3 

4 

12 

30 

49 

2 

157.2 

0.971 

65 

18 

85 

Allowance 


— 



— . ' 

. — 

. „„ 

47.9 

.089 

' 
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Normally dehisced seeds contained a large percentage 
of hard seeds in both years. Since actual value of hard 
seeds may be misinterpreted, representative samples of seed 
from each stage were scarified before germination to com- 
pare wfith unscarified lots. In both scarified and unscarified 
lots, the differences in germination based on probable live 
seeds, Were highly significant, as were differences in weight 
per 1,000 seed yields. 

Germination tests were conducted from lots of normally 
dehisced seed, seed threshed by a combine, and seed 
threshed with a small grain plot thresher. The combined 
seed contained approximately 50% hard seed, normally 
dehisced mature seed 70 to 75% and seed from the small 
grain plot thresher only 20 to 25% hard seeds. 

Seed Yields and Viability As Affected 
by Oates of Harvest 

Plots harvested in 1952 on successive 2-day intervals 
(table 2) revealed no differences in seed yield or weight 
per 1,000 seeds from relatively immature to mature stages 
of development. The majority of the pods were dark green 
to light brown when the initial harvest was niade oh July 
13. Subsequent harvests followed until pods were mostly 
mature (pods dark brown to black) on July 21. Because 
the herbage was placed in bags to dry immediately after 
harvest, seed losses from shattering were limited to that 
which occurred prior to harvest. 

The germination of seed on successive dates of harvest 
increased from 68 to 85% as pods advanced in maturity. 
Differences in germination exceeded the 1% level of 
significance. 


In 1953, the results were different from those obtained 
in 1952 in regard to seed yield and seed size (table 3). 
Seed yields were greatly reduced in the latter dates of 
harvest. It is postulated that the differential response to 
harvest dates was due to lower relative humidity in 1953 
than in 1952. Pod dehiscence was higher in 1953. It was 
evident that when the relative humidity decreased to ap- 
proximately 40% and less, ripe pods dehisced freely. 
For example in the 1952 experiment, in no case did the 
relative humidity drop below 50% and the maximum de- 
hisced pods was 2% even though 93% (table 2) of the 
pods were light brown to black. The data collected on July 
8, 1953 harvest showed no dehisced pods (table 3) . Five 
percent of the pods were dehisced on July 11 following 
low relative humidities of 40, 31, and 44% on July 9, 
10, and 11, respectively. Only mature pods had dehisced 
according to data collected each year. Immature light green 
pods, containing high quality seed did not dehisce even 
under conditions of low relative humidity. Very little pod 
dehiscence occurred from July 11 to 14, and it was noted 
that the relative humidity ranged from 60 to 65% on July 
12, 13, and 1 4. V ery low relative humidities occurred on 
July 19 and 22 (38 and 32%, respectively) resulting in 
large losses of seed from the last two dates of harvest 
(table 3). 

The temperatures during this period also could have 
contributed to dehiscence of pods, since temperature is an 
essential component of relative humidity. This could not, 
however, be amply demonstrated. 

Seed yields at successive dates of harvest in 1953 ranged 
from 78 pounds per acre at the earliest date to 32 pounds 
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Xabie 3.--~Pod development, seed yields, seed weight and germination of birdsfoot trefoil harvested at successive dates in 1953. 


Date 

harvested 

' ■ . i 

Estimated percentages of pod development 


Weight ■ 

pc^r 1000 
seeds 
■? grams i 

Percentage of 

Bloom 

Im- 

mature 

Green 

Light 

brown 

Dark 

brown 

Black 

De- 

hisced 

yield 

(Lb./Ai 

Germi- 

nation 

Hard 

-seefis 

, 

Probable 
live seeds 

July 8 

July 1 - 

July 

July 

July 

July 

4 

2 

Tr. 

0 

0 

‘0 1 

31 

12 

5 

Tr. 

0 

0 

65 

64 

18 

3 

0 

0 

Tr, 

14 

57 

20 

3 

0 

0 

3 

14 

61 

45 

12 

0 

0 

0 
' 2 

14 

17 

0 

5 

6 

14 

3S 

71 

. 77.9 

76.5 

98.5 
83.2 1 

. 59.7 1 

32.0 i 

0.732 
0.7BS ' 
0.870, 1 
0.888 i 
0.830' . i 
0.S30 

' 43 
, 54 

56 

60 

62 
; 59, 

20 

. IS , 
20’ 

17 

16 

1 

63 

72 

76 

77 

78 

80 

Allowance 

■ '■ 

— 

■ -™- 


— 

— 


14.5 

.083 : 

I . i 

■ ' — ; ■ ! 

s: : 


per acre at the latest date. Differences were highly signifi- 
cant. Since the initial harvests in 1953 were made at a very 
immature stage (table 3) and subsequent harvests pro- 
gressed to mature stands, the difference in seed weight was 
highly significant. 

In general, the 1952 and 1953 data both indicate that 
germination percentage increased as seed matured (tables 
2 and 3). Seed weight was dependent upon maturity, as 
evidenced in the 1953 data which covered a wider range 
of harvest dates. 

Birdsfoot trefoil has a very indefinite flowering and 
ripening habit as indicated in data in tables 2 and 3. This 
makes the selection of the proper choice of harvesting 
date difficult. The previous experiments strongly indicated 
that between 24 to 27 days following fulh bloom when 
pods are light green to light brown would be the optimum 
time to harvest seed for maximum yields with less risk 
to pod dehiscence. 

Date of Bloom in Relation to Pod and Seed Setting 

One hundred umbels, having light brown pods, were 
harvested from the borders of each of the plots harvested 
at successive dates in the previous two experiments to 
study the relatioiivship between date of bloom, number of 
pods per umbel and number of seeds per pod. Samples were 
obtained from all harvest dates in 1952 but only at 3 
dates in 1953, due to severe drought causing rapid ripen- 
ing of the 1953 seed crop (table 4). 

Early set umbels in both 1952 and 1953 had significantly 
higher number of pods per umbel (table 4) . In 1952, the 
diifferences in number of seeds per pod were highly sig- 
nificant with the early set pods containing the higher amount 
of seed. The number of seeds per pod in 1953 was not dif- 
ferent in either date of harvest. This likely was due to the 
limited number of harvests covering only the early set 
umbels. 


Table 4. — Number of pods per umbel and number of seeds per 
pod from light brown pods at siK:iessi%'e da us harvest 
in 1952 am! 1953 . 



1952 

■ T 

1 

1953 



NuinbiT 

Number 

Number 

Number 

Date 

pods 

seeds/' j Date 

pods . 

setnis 

harvested 

umbel 

pod, j harvested 

umlad 

pod 


4.30 i 

1 !,;i.45 Ijuivn , J 

3 . 56 

12.18 

July 15..,. J 

3.97’ 1 

I4.4S iJuly 14 i 

3.36 

11.94 

July 17„.„::.,:.„l 

3.18 ■ 

'.liilv 1" i 

1 ,2.56 

n.r.() 

July 19 .. i 

■ 2. 78 I 

]«.(«! i i 



July 21„.„.„„.j 

■ .2.40,J 

8.(14 1 ■ 1 



Allowance .;'j 

j 

'.52. 1 

.»;4 r , ■ ! 

1 i . ,1 

5.08 ’ 

1.(14 

i ' 


pods ^ did not ckhisce greatly until ! hc\ turned brown ' in 
color. Light green pods contained well developed, nearly 
mature’ seeds and these pods resisted dehiscing longer than 
brown }5ods. All data 'seemed to substantiate the hypothe- 
sis that it is not necessary to delay harvest imtii the pods 
are fully ripe to obtain high quality seed. 

Because birdsfoot trefoil has an indefinite flowering 
habit, it also has an indefinite ripening habit. Determina- 
tion of a definite harvest time is very tlifficuh. These studies 
indicated that turly set pods prutfiued higher seed yieUls 
than late seed pods. Since light green and light brown pods 
pntdiice high cjuality seed, these data also would substanti- 
ate the desirability of early harsests. 

A well controlled experiment invtflxing pods of variinis 
colors in the nearly mature to mature range is needed to 
determine the temperature and relative humidity relation- 
ship involved in dehiscence of pods. Under normal climatic 
conditions of the semi-arid and sub-huniitl adaptatiem area 
of birdsfoot trefoil, it is possible that seed production 
often would be low due to frequent periods of low rela- 
tive humidity. 



DISCUSSION 

Morphological maturity of birdsfoot trefoil seeds pre- 
viously had not been reported, but many writers have sug- 
gested the proper time to harvest birdsfoot trefoil for seed 
by describing the pod color. Most writers agreed that seed 
should be harvested when the majority of the pods were 
dark brown to even black. The data presented in this 
research indicate that harvesting can and should be done 
at an earlier stage of development. Since low relative 
humidity caused pod dehiscence, regardless of whether the 
herbage was standing or mowed and curing, it is appar- 
ent that earlier harvests are essential. It was observed that 




Birdsfoot trefoil normally contains a high percentage of 
hard seeds, especially from dehisced pods. During com- 
bining, and perhaps other handling, some seed coat damage 
occurs thus reducing the need for" scarification. Many farm- 
ers who do not have their seed scarified still report satis- 
factory stands, indicating that hard seeds arc not as great a 
problem as previously thought. 

Birdsfoot trefoil is known to set abundant seed; Ikw- 
ever, the seed pods dehisce freely upon ripening, and seed 
losses may be very large. In addition, indefinite flowering 
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and maturity make it difficult to judge the proper time 
to harvest. 

The objective of this investigation was to study some 
of the basic i actors in seed and pod development as related 
to stage of maturity to harvest for maximimi seed yields. 
From the analysis of the data presented the following 
results were found: 

1. Pod development was rapid until the 15 th day after 
full blooni With maximum length attained within 21 days. 

2. Definite changes in pod color were noted in matura- 
tion of pods and seeds. Pods were first a waxy, deep green 
color, changed to purple color about 1 week following full 
bloom, and to dark green color soon aifter the 15th day. 
Watery, light green pods were noted between 22 and 24 
days after full bloom, in 3 to 4 additional days the pods 
were light brown, and in subsec|uent 4-day intervals pods 
were dark brown to black, respectively. 

3. Seeds attained morpliological maturity wd thin 27 days 
following full bloom. At this time the pods were light 
brown in color. 

4. Seeds from light green, light brown, dark brown, 
and black pods were of high cpality in regard to germina- 
tion and seed size. Seeds from dark green pods w^ere 
immature, were lower in viability and in seed weight than 
pods more advanced in maturity. light green pods, although 
not morphologicaily mature, produced seed of nearly simi- 
lar .size and quality as more advanced stages and did not 
dehisce as freely under drying conditions. 

5. Umbels set early in the season produced more pods 
and usually more seeds per pod than umbels set later in 
the season. 

6. Seeds ripened on the plant have a very high percent- 


age of hard seeds. Hard seed content was greatly reduced 
in threshing and by scarification, 

7, Seed losses due to dehiscence of ripe pods either prior 
to harvest or in mowed and curing herbage were high if 
relative humidity dropped to approximately 40% and less. 

From the results of this study, it may be concluded 
that higher seed yields may be obtained if birdsfoot trefoil 
is harvested when the maximum number of pods are light 
green to light brown rather than at a later stage of maturity. 
At this stage pods will not shatter as profusely as at more 
mature stages. 
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Inbreeding and Selection of Self-Fertilized Lines of Red Clover, 

Trifolium pratense" 


H. L. Thomas- 


T his paper reports results of 3 years of inbreeding work 
with red clover to inve.stigate the feasibility of develop- 
ing inbred lines and selecting among and within them. 
Many early workers believed red clover was practically 
self-sterile. However, Fergus (1) in 1922 suggested that 
perhaps .some .self-fertile lines existed in the species. In 
1921 he artificially self pollinated 650 individual heads, 
each on a separate plant. Thirty-two heads produced seed 
ranging in number from 1 to 24 with an average of 0.24 
seeds per plant for all 650 bagged. Many abnormalities 
were found among the seedlings and many seeds failed to 
produce viable plants. Seventy-nine plants were self 
pollinated in 1922, when 463 covered heads produced 
1,034 seeds or 2.2 seeds per head. 

^Contribution from the Department of Agronomy and Plant 
Genetic.s, University of Minnesota, St. Paul, Minn. Paper No. 
3347, Scientific Journal Series, Minnesota Agr. Exp. Sta. Received 
May 20, 1955. 

® Associate Professor, Department of Agronomy and Plant 
Genetics, Institute of Agriculture, University of Minnesota, St. 
Paul, Minn. Acknowledgment is given to Donald D. Dickenson, 
David H. Timothy, and Douglas R. Dewey, part-time assistants, 
for valuable help in carrying out this work. 


Kirk (2) in 1925 obtained results similar to those of 
Fergus. In the summer of 1923 he bagged 430 heads, each 
on a separate plant and obtained 1,334 seeds or an average 
of 3.2 seeds per plant. In the progeny he found chlorophylh 
deficient seedlings, and the plants which survived were less 
vigorous and less variable than open-pollinated seed of the 
same varieties. Both Kirk and Fergus found that bagged 
heads must be rolled between the fingers to induce pollina- 
tion. Kirk suggested the application of breeding methods 
for red clover similar to those employed for maize. 

The classical work of R, D. Williams, who published 
several excellent papers on red clover during the 1930’s 
(4, 5, and others), showed that self sterility in red clover 
was conditioned by a series of 30 or more oppositional 
alleles. Another allele in the series designated renders 
a plant completely self -fertile when the gene is in the 
homozygous condition. Moreover plants which have the 
genetic makeup for self sterility sometimes produce a few 
seeds when bagged, especially if rolled in the early bloom 
stage. Williams and his co-wofliers demonstrated heterosis 
in the species and carried out rather ‘ extensive genetic 
studies establishing linkage groups. 
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Table 1. —Self ed seed obtained from Medium red clover shown by generaiions faniiUcs classified into fu c groups 

for average number of seed per plant for the three years. 
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Rinke and Johnson (3) in 1941 in\'estigated selling of 
red clover and maintained 1 line for 10 generations ot 
selfing after it appeared to be homozygous for the 5^ gene. 
They suggested selection of Hiiperior self-fertile lines which 
would he crossed to remove the Sf gene before use of the 
lines in synthetics. 

METHODS 

In 1952. stdfing of red clfwr was attempted on 364 plants at 
the Rosemount station of the Minnesiita Expeinjnent Stali<m. When 
plants were about to bloom, several brancte aaitaining approxi- 
mately 12 to 15 heads were enclosed in 6V2 by 12 inch cotton 
bags with a weight of 5.9 yards per pound. These were supp()rted 
by bamboo stakes. Any heads with flowers approaching full bloom 
were removed. As blooming progressed, the heads were rolled 
between thumb and fingers without removing the bags. Each plant 
was treated in this way from 2 to 4 times at intervals varying 
from 3 to 7 days apart. 

The self ed seed obtained was threshed, the Si seedlings were 
started in the greenhouse, and then transplanted to the field in 
the spring of 1953. The same bagging methtxis vvere employed 
in 1953 and again on the S- plants in 1954. In each year the plants 
cvere grown in individual plant nurseries in rows 36 inches apart 
with plants 1 foot apart in the row. In 1953 and 1954, all the 
progenies of each .std fed plant from the year before were grtnvn 
together in a single plot without replication. 

In 1954 a few^ plants from open-pollinated seed of the Ss 
mother plant were grown adjacent to each line. 

Before planting in 1952, open-pollinated seed of three varieties. 
Wegener, Midland, and Wisconsin Mildew Resistant, were each 
given X-ray treatments at .3 levels, i.e., 15,000, 30,000, and 45,000 
r units. The X-ray treatment.s were applied at Missouri under the 
direction of the lattp L. J, Stadleiv The n)atenul wa,s planted in 
4 randomized blocks with 12 treatments per block (3 levtd.s of 
X-ray and an untreated check for each variety). Rows or plots 
consisted of 36 individual plants 1 foot apart and were at 36-inch 
intervals. Another nursery in 1952 adjacent to the one described 
previously, consisted of 6 replications of 7 varieties. Midland. 
Kenland Breeder's Seed, Wisconsin Mildew Rtvsistant, Minnesota 
Commercial, Ottawa, Dollard, and Wegener. The same spacing 
arrangement was used and no X-ray treatments were applied. 

RESULTS 

The term family is used to mean all the selbpoilinated 
progeny of a single 1952 plant. The 364 families were 
divided into 5 groups based on the average selfed seed 
obtained per plant over the three generations $«, and S.^. 
The amounts of selfed seed obtained are presented in 
table 1. 

Average number of seed per plant is reasonably large, 
ranging from . 10 to 30 for 69 of the 364 families. . 

Out of 364 So plants bagged in 1952 (see table 2'), 34 


Table 2.— Families dassified according to scdfed ^seed obtained 
' from S.. plants and showing htnv many- faoiilies were 
carried into S? and S-' generations... 
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continued. Among the others, about 5iK ^, were lost because 
selfed seed were few in niimher, or beCvUise seailing.s were 
weak and susceptible to damping oil in the greenhouse. 
Where there were 15 or more selfed seed, alx>ut9tU4; ofthe 
lines were continued intt> Sj. A similar rdat uish ip existed 
between Sj and S.,, except that: a larger prt » |surt i t i>f the 
lines were lost. 

To be sure, tliere may he some accidental cross- pulHnaled 
seed among these plants and it is impossible to say hav 
many. However, in each i>f the years a ionsidcrablc num- 
ber of white and yedknv seedlings were observed aniong 
the selfed progeny. Imrther evidence for self-fertilization 
is shown by the average reduction in vigour of the S.^ lines. 
In table 3 the vigor cd' 22 S., lines is shown in comparison 
with that of open-pollinated seed of the vS^ mother plant 
for each line. Rated on a .scale of 1 to 5, with 1 nio.st vigor- 
ous, the average vigor of the Sfs was 2.8 and the com- 
parable figure for open-pollinated 1,4. In only 3 cases was 
the inbred line mure vigorous than oiitcrossed seed of the 
parent. The variance between S., inbred lines Vvus 31.69 
while that between open -pollinated families was only 

5.09. Variance within lines was slightly greater for the 
inbreds than for the open pollinated. 

There w^ere some good combiners from each of the 
varieties represented and apparently, for this sample of 
lines, there is very little correlation between selfed lines 
and outcrosse.s in estimated vigor. 

Selfing was carried on in a similar manner cm the X-rayed 
material and the checks, and it appears that the X-ray 
treatments had no effect on self -fertility. The relation 
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by means of X“ for independence. The value obtained was 
16.32 which is close to the probability of 0.20, not indi- 
cating any effect of X-ray treatment on self-fertility. Three 
chimera plants were observed in the S,, generation but 
other than that there was no evidence of X-ray effects. 

In every variety where 50 or more plants were bagged 
several self-fertile families were found. So that it would 
appear from this preliminary evidence that relatively self- 
fertile lines may be found in all the varieties. 

DISCUSSION 

From the amounts of selfed seed obtained, it would 
seem feasible to use the ''hybrid corn” xnethod of breed- 
ing medium red clover. The advantage gained, of course, 
would be that selection among self-fertilized lines would 
be more precise than among more heterozygous material. 
Probably the genotypes of desirable parents could be main- 
tained more easily from selfed seed than by clones 
(although there is one clone at the Minnesota station which 
has lived in the field for 5 years without going through a 
seed generation). 

It is to be hoped that lines may be found that will exhibit 
heterosis when crossed together and that these might be 
used in single crosses, double crosses, or several other ways. 
Williams (4) states that when self- fertile plants are 
allowed to open-}x)Ilinate, approximately half of the seed 
produced will be crossed. Therefore, two self-fertile inbreds 
grown in i-soliition could be expected to produce seed 
which w^'as about half hybrid and the remainder selfed. 
Clover seed planted at S pounds per acre may produce 
over 300 seedlings per scpare yard and, provided the 
hybrids were distinctly superior in vigor, the established 
stand might be mostly hybrid. 


Williams showed that there were 30 or more alleles 
in the self fertility series. It would seem reasonable that 
some of these are more effective m retarding pollen tube 
growth than others. These intermediate types, when grown 
in isolation with a different line, should produce seed that 
was more than half hybrid. Such lines might be relatively 
self-fertile and, if so, could be rather easily maintained. 

SUMMARY 

By using large cotton bags and covering several branches 
of red clover piants, satisfactory amounts of self-pollinated 
seed were obtained. Flowers were rolled between the fingers 
2 or 3 times during the blooming season. It appeared that 
plants with somewhat higher self fertility could be obtained 
from any variety if 50 or more plants were treated in this 
way. It is suggested that selection within self- fertilized 
lines and their combination to obtain hybrid vigor may be 
useful in red clover. If gains comparable to those which 
have been made in corn can be achieved, the value to prac- 
tical agriculture will be large indeed. 
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Table 3.— Comparison of vigor ratings betw' een 22 S- lines of red clover wdtli paired plots of open-pollinated seed from St parents 
of each line. Ratings on a scale of 1 to 5, with 1 the most vigorous ; taken on August 18, 1954. 
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Rate of Water Entry Into an Irrigated Chestnut Soil as Affected 
by 39 Years of Cropping and Manurial Practices' 

A. P. Mazurak, H. R. Cosper, and H. F. Rhoadcs- 



C ROP production on Tripp very tine sandy loam at the 
Scottsbluff (Nebr. ) Experiment Station was influenced 
materially by different cropping and manurial practices (2, 
3, 8, 9). Kubota, e/ al. (4) presented chemical data indi- 
eating appreciable variations in nitre)gen, organic matter, 
soluble phosphorus, and exchangeable potassium contents 
of Tripp soil as a result of different cropping and manurial 
practices for a period of 30 years. The physical properties 
of soil, such as susceptibility of the soil to wind erosion,^ 
the amount of water-stablc aggregates, and the rate of 
water entry into the soil were determined after 39 years 
of cropping. Marked differences in the susceptibility of soil 
to wind erosion and in the amount of water-stable aggre- 
gates were reported previously (5, 6). Differences in rate 
of water entry into the soil due to cropping and fertiliza- 
tion history are reported here. 

PROCEDURE 

RoLit}(Jh' “Detailed descriptions of the it nations and the 

cultural practices used at the Scottsbluff Experiment Statiun dur- 
ing the period from 1912 to 1941 have been reported (3). The 
land for the rotation experiments was broken from native .sod 
in the fall of 1910 and xvas planted to oats during 1911. The soil, 
T ripp very fine sandy loam, is a Chestnut soil developed from 
silty or slightly sandy deposits on stream terraces. It is highly 
productive under irrigation with proper management practices. The 
number of plots included in any one rotation was determined by 
the length of rotation, each crop being grown annually on one 
of the plots. There w^as no replication. 

Most of the rotations were discontinued in 1949, except those 
used for studying the influence of cropping and manurial prac- 
tices on the rate of water entry into the soil, and other roper- 
ties. The cropping sequence and manurial hist{»ry are given in 
table X. 

De/ermifhUwu of rote of Witter entry iutt^ soil .- — TTie rate of 
water entry was measured in each i/^-acre plot at 3 random hica- 
tions early in the 1950 growing sea.son prior to the first irriga- 
tion. Since no special preparation of the soil .surface wtis made, 
the measurements reflect the soil condition for the previous .sea- 
son plus cultural practices employed for the current seasons, Meus- 
urements were .started on those plots in which the crop was show- 
ing the most distre,ss due to lack of moisture. The sequence of 
plots was barley, sugar beets, corn, potatoes, and alfalfa. In 
this sequence it was believed that the crop would have used most 
of the available moi.sture by the time measurements were made, 
A 2-ring infiltrometer with an inner ring 11.9 inches in diameter 
mid an outer ring of 32.0 inches was used to measure xvater entry 
into the soil. The inner ring w^as driven -finches into the soil and 
the outer ring, 3 inches, A constant 4-inch head of water was 
maintained in both rings. 

Determination of hulk density and moisture constants, — Imme- 
diately after the disappearance of water from the soil surface, the 
site was covered to prevent evaporation. After 48 hours, soil 
samples to a depth of 5 feet within the inside ring were taken 
with a Veibrneyer-King tube in increments of 6 inches. TTe mass 
and volume of soil for bulk density were corrected Rir particles 
>2.0 mm, in diameter and for large roots. 

^ Contribution from the Scottsbluff Experiment Station, Mitchell, 
Nebr.; the Department of Agronomy, Lincoln, Nebr.; and the Soil 
and Water Conservation Research Branch, A.R.S., U.S.D.A. Pub- 
lished with the approval of the Director as Paper No. 676, Jour- 
nal Series, Nebraska Agr. Exp. Sta. Received May 26, 1955. 

^ ® Associate Professor of Agronomy, formerly Junior Soil Scien- 
tist, and Professor of Agronomy. Acknowledgment Is given to 
Mr. L. C. Harris, Superintendent of Scottsbluff Experiment Sta- 
tion, for his contribution to this study. 


Moisture contents from the' bulk density samples for each 6- 
inch increments are ■ expressed on the basis of the mass of soil 
particles <2.0 mm. in diameter, Tliey represent the field mois- 
ture capacity, . Values for ’moisture equivalents and naoisture con- 
tents at 1/3 and 15. atmospheres were also determined on these 
samples which were air-dried. 

Determination of CaC(h--S(nl samples for C]aCO;{ detennina-: 

' tions were taken from -an adjoining area. Hacli site was sampled 
by 3-inch increments to a depth of 3 feet. Calciutri carbonate' con-; 
tent was determined by adding an excess amount of 1 iV_ .HCl to 
a known amount of soil and hack titrating uith 1 ,V NaOH. 

' RESULTS 

As shown in tables 2 and 3, high rates cd' water entry 
occurred at early application and diniinished rapidly by the . 
end of 30 miiiutes, reaching air asynij'dot ic value by SK). 
mioiite.s. The greatest dilferences in rates td' water entry 
were found with the cootioiioiis cn^pping systems. The 
highest rates were oil plots cropped to alfalfa; the I.owes.t. 
on plots cropped Os Ci>rn. Hates were nearly identical for 
.’[dexts cropped conti 3 nauisly h'? potatoes barley. The: 

rates obtained for the cimtiniunis nt>n-rnanured alfalfa plot 
at, the end of 10 and 120 minutes 'were 37.9 and 30.6 cm. ' 
per hour, respectively, whereas the (T^rresponding rates 

Table 1,-— Crop rotations at the ScottshhriT (Nehr.) Bxx>erimem 
Station selected to study the influence of cropping and 
manurial practices on the rate of water entry 
into Tripp soil. 


Number of rotation 


...... 

— ....■ 

Crop se<,|ueiiee and fertilix^^r 

From 1912 

After 

for period alter 1941 

to 1941 

1941 



. 

(hmtinuou.s cropping 

8 

8 ' 

.Alfalfa 


SB* 

lMUIfalfa§ 

, 4 

4 

.potatoes 


4B* 

potatoes' ' 

.',i ■ 

" 7' T,’ 

•Barley 



', TB.^ ' 

(M.) barley 

(> 

■6. 

' ’Corn. " 

, . , 

OB*' ' 

'(M) mm 



2 --y 0 ar rotation 

: 20. ^ 

, ■20. . ' 

Sugar beetK, potatoes ■ 

'. 2,l:' 

' '21 

(.M ) sugar beets, pDtEtoe>s, 



S-year rotation 

'SO,' ■ i 


■'Sugar beets,, barley, potatoes ■: 

; ■ ',31' . 1 


1 M I sugar beets, barley, potatoes 



, 4~yaar., rotation ■ 

;i0', 


Barley (alfalfa), alfalfa, pt^tatoes. 



sugar beets 



6-year rotation 

60 

mt 

Barley (alfalfa), alfalfa 3 yrs., 



potatoes, sugarheets 

61 

6SBtt 

Barley (alfalfH), alfalfa S yrs.. 



potatoes, (M i sugar beets 


* Ont;»haU of original }i acre plot manured each year starling in 1942. ,1 

t Barley substituted for oats beginning In 1942. ^ 

, J: Bari used as a companion crop with alfalfa beginning in 1942; alfalfa 
was seeded alone prior to 1942. 

§ (M)=:12 tons manure per acre applied for the crop Indkated. 2 
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obtained on the continuous corn plots were 7.5 and 0.50 
cm. per hour. 

Marked dilferences in the rates of water entry were 
obtained between raanured and non-manured plots in the 
same rotation. The influence of manure on the rates of 
water entry into soil is best illustrated in the continuous 
cropping systems. It is probably associated directly with 
its presence, since the cultural operation with each crop 
in question is the same in both manured and non-manured 
plots. The rate of water entry was nearly twice as great 
for the manured plots planted continuously to potatoes, 
barley and corn as that for similar non-manured plots. The 
difference in the continuous manured alfalfa plot in con- 
trast writh the non-manured alfalfa plot w^as only a frac- 
tion as large. 

Rate of water entry for the 6-year rotation cropped to 
first year alfalla in 1950 was higher than the rates for the 
second or third year alfalfa plots (table 2). The highest 
rate was on a plot cropped to potatoes in 1950 which was 
cropped to third year alfalfa in 1949. This high rate of 
water entry into soil was undoubtedly due to 1 previous 
years of alfalfa rather than to the effect of cropping to 
potatoes early in 1950. On the other hand, a low water 
intake rate was obtained for the plot planted to sugar 
beets in 1950 which was cropped to potatoes in 1949. The 
intensive cultural operations required for potatoes were 
still reflected by the low intake rates during the next season 
when cropped to sugar beets. A more receptive surface 
conditon for water was observed on the plot in first year 
of alfalfa in 1950 which had been cropped to barley in 
1949. After I year of alfalfa, the receptiveness of the 


surface soil began to decrease as shown by the lower rate 
on the plot cropped to second year alfalfa in 1950. After 
3 years of alfalfa the rate of water entry into the soil 
increased. 

These data support the thesis that continuous cropping 
of row crops has a deteriorating effect on soil structure. 
Water intake measurements are used here to evaluate the 
overall effects of cropping and manorial practices on soil 
physical properties. Continuous corn caused a greater deteri- 
oration of soil structure than continuous potatoes. That 
manure maintains stable soil structure is supported by the 
data in tables 2 and 3 when the ratio of water intake rates 
at 10-minutes to that at 120-minutes is calculated. The 
higher the ratio, the lower is the water- stability of aggre- 
gates. The ratio is 15 for continuous corn without manure, 
whereas for manured corn, it is 2.4. For purpose of com- 
parison, the most stable soil structure is that for the con- 
tinuous alfalfa w^hich has a ratio between 1.2 and 1.5. 

Alfalfa in crop rotation aids materially in maintaining 
good soil structure as judged by the ratios of water intake. 
The average ratios for the 2-, 3-, 4-, and 6-year rotations, 
without manure, are 5.3, 3.6, 2.3, and 2.7 respectively. 
It is of interest to note that the 4-year rotation has lower 
ratios for each crop than those for crops in 6-year rotation. 


Other Factors Associated With Rates of Water Intake 
Calcmn carhonate —Concentrations of CaCO;, 


in 5-foot soil profiles varied within a given plot, as well 


as from plot to plot. A portion of the data is shown in 
figure 1, Lines of equal CaCO^ content are shown for 
5-foot profiles across the length of field for Series IL .For 


Table 2.- 


-Eflect of crop rotation on the rate of water entry into a Tripp very fine sandy loam. The values for the rates are averages 

of three determinations except where otherwise noted. 


Cropping practice in: 
1949 


Alfalfa 

Potatoes 

Barley 

Corn 


Potatoes 
Sugar beets 


Corn 

Sugar beets 
Barley 


Sugar beets 
Barley 
Alfalfa 
Potatoes 


Sugar beets 
Barley 
1-yr, alfalfa 
2“yT. alfalfa 
S-yr, alfalfa 
Potatoes 


1950 


Alfalfa* 

Potatoes 

Barley 

Corn* 


Sugar beets 
Potatoes 


Sugar beets 

Barley* 

Potatoes 


Barley* 
Alfalfa 
Potatoes 
Sugar beets 


Barley* 

1- yr. alfalfa 

2- yT. alfalfa 

3- yr. alfalfa 
Potatoes 
Sugar beets 


Rate of water entry, cm, per hour, at: 


10 minutes 


30 minutes 


60 minutes 


90 minutes 


120 minutes 


Ratio of 
water entry 
lO-min. 


120"min,t 


37.9 

12.3=t=2.65 
12.0 =^ 4.55 
7.5 


32.3 

7.2 =^1.85 
4,9=fc0.90 
2.0 


Continuous cropping 


30.7 
3.9=b0.40 
4.1=tl.20 
0.6 


30.6 
3. 4 =^0.01 
4 , 1 =^ 1. 15 
0.50 


30.6 

3.4 =±=0.01 
4.1 =±=1.15 
0.50 


1.2 

3.6 

2.9 

15.0 


11.2=i=0.89 


3.3 


2-year rotation 

Plots not available for measurement 
= 0178 1 2.2:±=0.47 I 2.2=±=0.47 j 


2.1 =±=0.47 1 


5.3 


6.5 =±=0.49 

8.5 

18.3=±=2.15 


2.6=±=0.45 

3.3 

8.0 0.87 


1,8 =±=0.53 

2.5 , ; , 

5. 6 =±=0 .95 


3-year rotation 


1.9=±=0.51 

2.3 

5.4=±=0.94 


1.9 =±=0.51 
, 2 . 1 : 

5.4 =±=0.94 


3.4 

4.0 

3.4 


15.0 

19.7±3.48 
15.4 =±=1.25 
12.4=^=0.005 


9.8 

13.3=±=3.o0 
6.5 =±=0.41 
5.8=±=0.70 


9.0 
12.0 =±=2.67 

5.1 =±=0,10 
4.5=±=0.50 


4-year rotation 


9.0 

11,2=^2.07 

5,1=±=0.14 

4.5=b0.50 


9.0 

11,2=±=2.07 
5. 1=^=0. 14 
4.5=±=0.50 


1.7 

1.8 
3.0 
2.8 


16.5 

18.1=±=3.08 
13,9=±=1,94 
14.4±2,45 
33.4=±=4.68 
5. 2=^0. 80 


7.1 

11.0=tl.73 

6.7=1=1.52 

7.1±0.81 

16,8=1=3.91 

1.5=1=0.55 


6.1 
9.6=±=0.88 
5.4=1=1.50 
6.5=*=0,82 
16,2=±=3.68 
1,3=±=0.40 


6-year rotation 


5.8 

9.0=1=0.64 

5.0=t=1.40 

6.3=±=0.85 

16.2=±=3.68 

1.3=±=0.40 


5,8 

8.7=±=0.44 
4. 8=1=1.24 
6.a=±=0.85 
16.2=1=3.68 
1.3=1=0.40 


2.8 

2.1 

2.9 

2.3 

2.1 

4,0 


* Single determination, 
t Asymptotic values were actually used. 
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Table 5.— Effect of manure and crop rotation on the rate of wnu^ entry into a Tripp very fine sandy ioam. 
The values for the rates are averages of three determinations except where tjtherwise noted. 


Cropping practice in: 

Rate of water entry, cm. per hour at the end of: 

Ratio of 
water entry 
lO-min. 

1949 

1950 

10 minutes 

730 minutes 

: 60 minute.s 

90 minutes 

120 miiiiuR*s 

120-min.t 

— 





Continuous cropping — manured 



Alfalfa 

Alfalfa 

55 . 2 =*= 1 , 20 

42.3=i=3.2i' 

38.2*3.28 

37.0=i=3.67 

37.0=1=3.67 

1.5 

Potatoes 

Potatoes 

26.5=^3.50 

16.0®=0.60 

12.1=^0.90 

11. 1 ==*=0,90 

11.1*0.90 

■ 2.4 ■ ■ 

Barley 

Barley* 

24.4 

12.4 ■ 

9.6 

9.5 

9.4 

2.6 

Corn 

Corn 

16.0=^1.00 

8.9^0.95 

7. 5 =*=1.55 ■ 

6.9±1.90 

, 6, g =^2.05 

,2.4 . 





2-vear rotati(>n™nianured 



Sugar beets 

Sugar beets 

14.1=^2.31 

8.7 ==*=1 .85 

6.4=t=1.73 

6.4 =*=1.73 

6 . 3 ■=*= 1 . 7 1 

2 2 

Potatoes 

Potatoes 

17.2=i=5,07 

10.1 

8.2=*=2.55 

S.0±2.46 

S. 0^2.46 

2 2 





S-year rotation- -- manured 



Corn 

Sugar beets 

14 , 5 1 . 61 

7.4 =^1.47 

5. 7=*=!. 28 

5.27fcl.27 

■5.2=^t.l.27 

2.8 

Sugar beets 

Barley* 

16.5 

9.0 

6.2 

’ 5.6 

5.5 

■3.0 

Barley 

Potatoes 

17.0=1=0.76 

8.07fcr.48 . 

5.7 =*=1.39 

5, 4 -1.21 

I 5. 4 =*=1.21 

■ 3.1 . , 





6-year rotation -inanurofl 



Sugar beets 

Barley* 

21.0 

9.5 

■ 7.4 

7.4 

’/ .4 

2.8 

Barley 

1-yr, alfalfa 

19 . 4 =*= 5 . 60 

7.4 =*=0.20 

6.3=*=OJ.O 

6.4*0.07 

6.4-fc0.07, i 

3.0 

l-yr, alfalfa 

2>-yr. alfalfa 

11.7±3.53 

: 7.3 ■=fc2. 65 

6.3=fc:2.59 

4..1 =K).98 

4.0=*H.03 i 

2.9 

2-yr, alfalfa 

S-yr, alfalfa 

20.7 ±3.69 

: 13.0=*=2.55 

10.1*1.92 

9.8 =*=1.83 

■9.7*1.75 

2 . 1 

3-yr, alfalfa 

Potatoes 

86. 7 ±2.83 

' 28.7=^2.29 ■ i 

24.1*3.03 

22.5*2.9.5 

■ \ 23. 5 *2. 02 . 

I.'s 

T^otatoes 

1 Sugar beets 

19.1*0.95 

:712..2=*=0.S5 : 

' - ! 

9.0*0.35 

3.8*0.25 

. 8.8*0.25 

. 2 


^ Single determinatiim. 
t Asymptotic values were actually used. 


the field as a whole, CaCO.. is concentrated nearer the 
: surface at the upper end of the field (Tier 16, 17 and 18), 

This is probably due to the originai soil profile rather thiui 
due to cropping history. The two extreme low^er depths 
of CaCO.^ concentration occurring in Tier It) and 13 
through 15 is probably due to the leaching action of excess 
7 irrigation water. In the past, the excess irrigation water 

has tended to accumulate in these two areas. 

h'rom inspection of data on the CaCO,, contents of 
5-foat soil profiles, it appears that the addition of manure 
had increUvSed the depth to the CaCO<. concentration, llie 
low^ering of depth to the GiCO.. is only an inference, as 
no measurement is available for the depth of Ca(,10.; or 
the amount present before the rotations w'ere begun. How’- 
' ever, in figure i, the effect of the addition of manure in 

lowering the depth of CaCO,^ concentration is shown dearly 
in Tier I cropped continuously to potatoes. 

Calcium carbonate in its free state may occupy spacCsS 
between soil particles, thereby, decreasing the available 
space for transmitting water. To check this factor on water 
■ f intake rates, a linear correlation was calculated between 

the asymptotic rate of water entry, cm. per hour, and the 
V:';-] . . percent of CaCO,^ in the 5 -foot profile. The correlation 

fM.-- coefficient was not significant, r rr 0,11. Hence it appears 

that CaCO.^ in the 5 -foot profile was not the limiting factor 
cd/, : . in water intake. 

• ■ Textural profile. — A previous report (4) indicated that 

77, the percentage of particles K2fi in diameter in the surface 

12 inches was rather uniform throughout the rotation. 
I;. 7 However, the data for moisture contents at tensions of 

1/3 and 15 atmospheres, at field moisture capacities and 
moisture equivalents indicate textural variation from plot 
7/, to plot'k especially at the lower depths. Individual deter- 

^ Cosper, H. R. Moisture relationships in 39 year old rotation 
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I' JO. L™ -8oi! jM'i>filr with hl'ii-.s ot equal C7R.-0,,., uuUvnt .usotis the 
length oi' field tor Series H. Hori/unlal lines designate the 
depths of samples. 


niination.s ol samples by 6- inch depths were summarized 
for 5-foot profile depths. I'he values for 1,3 atmtispheres 
range from .10.6 to 22.1® . The field moisture capacities 
reflected the same magnitudes from 12.7 to 20.9®- and 
the moisture equivalents from 11.9 to 21.H,® Moisture 
percentages at tensions of 15 atmosphere for the 5-foot 
profiles ranged from 6.1 to 10.8. 

Correlation coeificient.s between the rates of water intake 
and the moisture equivalents lor the 5 -foot profile were 
calculated to evaluate the effect of textural profile on water i 
intake. No significance was found to he associated wu'th 
differences in textural profile. Becau.se no difference was 
found, even though the textural differences wx^re present, : 
;:it;:seeln^®videht: thatv; the:'', water dhtake:Tates;;w 
more by cropping and manorial practices than by the tex- 
tural profile tor the 5-foot depth. ' 

,, 

'„il 






AGRONOMIC 

Bulk density . — Ditferences in rate of water entry into 
soil may be associated with differences in bulk density. 
Accordinglyv correlation coefficients were calculated between 
rates of water entry and bulk densities of the 0 to 10 inch, 

10 to 30 inch, and the entire 5- foot profile. 

A significant correlation coefficient (r z: —0.35) between 
rates of water entry and bulk density for the 0 to 10 inch 
depths were obtained. Bulk density values for surface hori- 
zons ranged from 0.84 {manured plot) to 1.35 g, per cc. 

The linear regression ec]uation for this relationship was 
Y ” 47.4 — 24. 9X. where y is the rate, cm. per hour, of 
water entering the soil at 10-minute application, and X is 
the bulk density, g. per cc., for the surface 10 inches. When 
the data were separated into manured and non-manured 
plots, the correlation coefficient for the manured plots was 
not significant, whereas the correlation coefficient was 
highly significant (r n —0.56) for the non-manured plots, 
hi the latter relationship only a relatively small portion of 
the variability in intake rate can be associated with differ- 
ences in bulk density. 

There was no significant correlation between the final rate 
of water intake and the bulk density for the entire 5-foot 
profile. Also there was no significant correlation between 
bulk density of the 1 0 to 30 inch depths and the rate of 
water entry at 30-minute application, 

■ SUMMARY ^ 

A constant rate of water entry into Tripp soil was usu- 
ally obtained after 2 hours of irrigation. The intake of 
water was influenced by the application of manure and 
cropping history during a period of 39 years. Maximum 
rates of water entry after 2 hours of irrigation were 
obtained in the continuous alfalfa plots; the rates were 
30,6 and 37.0 cm, per hour for the non-manured and 
manured treatments, respectively. The next highest rates 
of water entry were measured on plots where potatoes were 
growing, following the plowing under of a 3-year-old stand 
of alfalfa in a 6-year rotation. The rates after 2 hours of 
irrigation were 16.2 and 23.5 cm. per hour for the non- 
manured and manured treatments, respectively. A mini- 
mum rate, 0.5 cm. per hour, of water entry into soil after 
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2 hours of irrigation was obtained for continuous corn. 
Where manure was applied annually since 1942 to the 
continuous corn plot, the rate of water entry was 6.8 cm. 
per hour. 

Relationships between a few physical properties of soil 
and rates of water intake were studied. Linear regression 
equations were obtained between water intake and bulk 
densities of horizons, contents of CaCO.,, and textural p^^o- 
file as indicated by moisture equivalent, 1/3 and 15 atmos- 
pheres. The surface horizon, 0 to 10 inch depth, influenced 
the rate of water intake but the lower horizons showed no 
apparent effects. Conclusion was that cropping and manurial 
practice had more effect on the rates of water intake than 
did the textural variation within the profile, 
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Agronomic Affairs 


, MEETINGS' 

Nov. 6-12, International Crop Improvement Association, Win- 

/ : 'ter Haven, 'Fla.: , 

Dec. 26-21, American Association for the Advancement of Sci- 
ence, Atlanta, Ga. 

Jan, 12—14, Conference on the Use of Isotopes in Agriculture, 
sponsored by the Council of Participating Institutions ot 
the Argonne National Labo>ratory, Michigan State univer- 
sity, East Lansing. 

Jan. 16, Southern Weed Conference, New Orleans, La. 

Feb. 15-17, Joint meeting, Western Weed Control Conference 
and California Weed Conference, Sacramento, Calif. 


WESTERN BRANCH NAMES NEW OFFICERS 

B. A. Krantz of the USDA Western Soil and Water Man- 
agement Section, Billings, Mont., was named president of the 
Western Society of Soil Science at the group’s annual meeting in 


Davis, Calif,, Aug. 16. He succeeds Robert M. Hagan of the 
University of California at Davis. 


Other society officers named for the coming year are: vice presi- 
dent, Daniel G. Aldrich, Jr., University of California, Davis; 
and secretary-treasurer, C. D. Moodie, State College of Washing- 
ton, Pullman, Wash. Dr. Krantz served as vice president and 
Aldrich as secretary-treasurer during the past year. 


Krantz, Aldrich, and Moodie will also serve respectively as 
president, vice president, and secretary- treasurer of the Western 
Branch of the American Society of Agronomy during the coming 
year. Under an organizational arrangement with the Western Soci- 
ety of Crop Science, in which offices in the branch rotate between 
the two societies in alternate years, these offices were held by the 
corresponding officers of the crop science group during the 
1954-55 year. 


Officers of the Western Society of Crop Science during the past 
year were: president, Dean McAlister, University of Arizona, 
Tucson, Ariz; vice president, Rolio Woodward, Utah State Agri- 
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cuitura] Colle^^e, Logan, Utah; and secretary-tfeasiirer, H. M. 
Laude, University of Cal ifornia, Davis. They will continue in 
office for the coming yean 

RUTGERS STATION OBSERVES 75TH ANNIVERSARY 

The New Jersey Agricultural Experiment Station observed its 
75th anniversary in ceremonies Oct 6 at Rutgens University, New 
Brunswick, N. J. At a convocation on that date, the imivensity con- 
ferred honoraiy degrees on Ezra Benson, U. S. secretary of agri- 
culture; Glenn W. Burton, USDA, Tifton, Ga., forage grass 
breeder, who received the Ph.D. degree from Rutgers University 
in 1936; Charles F. Seabrook, Bridgeton, N. J., and WiLLiAM 
H; W. Komp, University of Maryland medical entomologist. 
Other events included the unveiling of a bronze plaque of Jacob 
Goodale Lipman, third director of the station. Staff niember.s 
of the station, college of agriculture, and exten.sion service %yill 
have an informal dinner on Nov. 8 at which highlights of station 
history will be presented in dramatic form. 

ILLINOIS AGRONOMY CLUB WINS ’’BEST” AWARD 
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Willard H. Carman, left, of the National Plant Food In.sti- 
tute, presents a $100 check and a tpphy to Duane Svc^arts, Dixon, 
III., president of the University of Illinois Field and Furrow Club 
which received the National Agronomy Achievement Award for 
1955. The presentation was made at the annual banquet of the 
American Society of Agronomy Aug, 17 at Davis, Calif. The 
award designates the Illinois club as the he.st student agronomy 
organization of its kind in the Ignited States. 

Determination of the award winner each year is made by the 
Student Section of the American Society of Agronomy on the basis 
of accomplishment in education, general college activities, fund 
raising projects, and others, R. M. Swenson. Michigan State Ifni- 
versity, 1955 chairman of the Student Section, supervised the 
■■ ' contevSt,:..; ■ . . 

Along with Swarts, .seven members of the Field and Furrow 
Club, which has 75 active undergraduate members, attended the 
meeting in Davis. Swarts, a senior, lives on a farm near Dixon. 
He is active in several student organizations, has served as presi- 
dent of the Agricultural Couacil, and has an outstanding scho- 
latsic record. Other ofiicers are Gordon Rfjchert, Farina, vice 
president; Alan Yungbluth, Warren, secretary-treasurer; and 
A, W, McDonald, St,. Mary's, club reporter. M. B. Russell is 
faculty advisor for soils, and A. W. Burger and F, W. Slife 
' , ,ar#*^dvisojts for crops, ^ 


ROBERT M. SALTER DJKS AT f..V 

Robert M. Salter, chiU uf soils research for thv U. S. Depart, 
iiient of Agriculture and former head Of the Soil Camservation 
Service, died Sept. 13 at his honje in Silver Spring, Md., at the 
age of 63. 

Since November 1953, Dr. Salter had been 
chief of the Soil and Water Conservation 
Research Brandi of tlie Agricultural Keseardi 
Service. He had previtmsly .served for 2 years 
as chief of the Soil CoUvServation Service, uolI 
from 1992 to 1951 he headed the former 
USDA Bureau of Plant Industry, Soils, and 
Agricultural Engineering. 

Dr. Salter was one of the coimtry's out- 
standing scientific leadens in research on 
crops and .soils. Asa research administrator. 

Dr. Salter was noted for his sponsorship of 
the ‘bvhole-farm approach” to agricultural ^ ' 
research, emphasizing tlie need for integrated 
application of new scientific developments to 
permit faster improvenient of tlie many inter- Salter 

dependent phases of farm operations. 

A native of Huntington, hid., Dr. 'Walter gjwv up in noith- 
western Ohio and was graduated from Olihi .State C'niversity in 
where he also leceived the Masters degiee .uul scivtd as 
an instructor in agricultural cheruisiry. I’lom PMS to 1921 he was 
soil chemist and agronomist at the W'vNt Visgima Agricultural 
Experiment Station. 

Dr,' Salter wa.s appointevl |>rofessof of scfils M Oliio State l.^ni- 
versity in 1921,^ and from 1925 to 1929 vvas in dnirge of agro- 
nomic research for the Ohio Agricultural Experiment Station,' He 
becanieychairman of tlie' agronomy department in 1929, anv:! asso- ■ 
ciate .director of tlie experiment station in ■1939. 

'dll 1990, Dr. Salter, was appointed director o.f tlie- 'Nortli Cam- ' 
lina Agricultural Experiment Station, and a year later he joined 
the .lJ.vS.D..A. in Washington, D-, C... as liead'of the Division of 
Soils 'and Fertilizer Investigations in tlie former I'kjreau of Plant 
Industry. He became chief of the newlv organi-zed B.PJ.S.A.E. in^ 
1942. 

^ Dr. Salter was appointed chief of the Soil Conservation Service 
in 195 L' succeeding H. H. Hlnmtt. He .servei.1 2 years in this 
post. In November d.9s 3, following his rcque.sr that he be trans- 
ferred, for of health, to a position with ie.ss arduous 

responsibilities. Dr. Salter was made chief of the new Soil and 
Water Conservation Research Branch. 

In 1952. Dr. Salter received tlie U.S.D.A. Distinguislied Serv ice 
Award. Dr. Salter^ was a iellow and former ]vrcsident of the 
American Society of Agronomy, a fellow ami cafner of the Ameri- 
can .Society h)r the Ailvancement of Sucuce. and a member of the 
Natit)na! Research Council. Soil Sciena.^ Socielv of Auierira, Soil 
Conservation Society of America, Sigma Xi. Phi Lambda fipsihng 
and Gamma Sigma Delta. 

He is survived by his vv'ife, Mrs. Sara ChHlfu/v Salter, and their 
four children. Mrs. Francis T. Phillips, Jr.. Oisiaha, Nebr.; Robert 
M. Salter, jr., Ihicific Palisades, f'aiif.;^ KuhartI (L Salter, of Cleve- 
land, O.; and Mrs, I*. B. Browne, of Atln^ns, Cia. 

JENNINGS OF ■ UTAH MmRES . ■ 

David S'rotrr Jennings, professor of agronomy at Utah State 
Agriculture College, has retired after nearly 5 (^ years with the 
college as a .student and teacher. He will emkinue on the .staff 
as emeritus professor. 

Dr. Jennings was horn Jan. U 1885. in Rockville, Utah. He was 
graduated from Utah State Agricultural CoHege in 1912, and re- 
ceived the Ph.D. degree in 1917 from Cdvrnell Univensity. After 
one year as a county agent in Utah, he was employed by the Agri- 
cultural Experiment Station to be in charge of soil survey. Mo.st 
of the arable acres in Utah have been surveyed under his super- 
vision. He is also a teacher of soil genesis, classification, and 
survey. His primary researdi has been largely in the field of soil 
physics and irrigation. 

Recently Dr. Jt^nnings conducted a soils investigation in an agri- 
cultural development program of twiv large river valleys in Angola, 
Africa, 

SOin'HBRN WEED ^ CONFERENCE MEETS ' JAN.’ 1,6 ■ 

The ninth annual meeting of the Southern Weed Conference 
will be held Jan. 16-18 at the Hotel Jung in New Orleans, 

' according" to Glenn C. Klingman/ president' Mark Weed, of;^ 
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the DuR^nt Lu., is pro^^rain cojiimittc^t diaimian. Those inter- 
ested in the pro/^rani niay c'ontact hi m in are of the Botany 
Department, Ltniisiana State 1. ’niveisity* Baton Rou^;e. 

Other 19^6 cimferena* ulii^.ers are \K'. B. Albert, South Caro- 
lina experiment station, Ckmson. S. C> , vice; president; and E, G. 
RoDGiiKS, Universitv of Florhla, G ainesx ille, secretary- treasurer. 


FREDERICK: IX KICMEY DIES INf TENNESSEE 


Frhdljuck p. Riche V, retired U.S.D.A- principal agronomist 
in corn investij^ations, died Sept. 11 at Knoxville, Term. 

Dr. Richey was born in St. Louis. .IMo., Sept. 3, 1884. He re- 
ceived the I3.S.A. degree fn»ni the Uni Acrsity of Missouri in 1909 
and his airna iTiater u»nferred iipo n hior the D.Sc, in 1949. 

Dr. Richey retired la September after 43 years in corn 
breeding research, 3“^ of whicli he xvas "xvith the U.S.D.A. in several 
different capacities. He joined the U.S.D.A. in 1911, and in 1922 
was appidnted agronfimist in charge t> f corn investigations in the 
Bureau of Plant Industry. Htf hecume oissuci ate ciiief'of the bureau 
in 1933ainii chief in 19 34, remaining in tHis capacity until 1938. 
After several years in pricate bnsintriss. Or. Richey returnecl to 
the department in 1945 to cc jordi nate com breeding in the South, 
and to heiul the OH^perative corn breed in|> project at the Tennes.see 
Agricultural Iixperiment Station. 

He received the ILS.D.A. disti ngiiisihed service award in 19-18, 
in recognition of his "outstafidinga: service in or|.tanizing and lead- 
ing the cooperative corn bleeding prog; ram w'hich gave hybrid corn 
to American agriccilture"*. 

Dr, Richey xvas a Fellow cd' the American Society of Agronomy 
and served as president of the society in 37. He was the author 
of more th.m publications on corn breeding and research. 


COLLINGS SUCCEEDS PITNER AT CLEMSON 



ColSings 


Pitner 


Gilbeart H. Collings, Sr., has succeeded John B.. Pitner as 
head of the agronomy department at Clemson Agricultural College, 
Cleinson, S. C. Dr. Pitner resigned in August to accept a posi- 
tion as manager of agricultural service for the Grace Chemical Go. 
He had been with the college since 1954. For the previous 7 yeans 
he was soil scientist with the Mexican agricultural program of 
the Rockefeller Foundation. Dr. Collings, professor of soils, is 
author of the textbook, "Commercial Fertilizers — Their Source.s 
and Use." 


NEWS ITEMS 

Wallace E. Holmes is now affiliated with the University of 
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ENSIGN IS ASSOCIATE DIRECTOR AT IDAHO 


Ronai.d D. Eivsklv was ap- 

pointed a.ss(td;Uf diratiJr uf the Idaho Ag- 
licultuni! Experiment Station at the jicax' 
.station headq uarter.s oo the University of 
Idaho campus, Mi^saiw. He was superin- 
tendent of the Aberdeen Branch E:xperi- 
ment Station from 195 2 until his appoint- 
ment last July. IZ)r. £nsign received the: 
Ph.D, degree in 1952 in plant breed ini' at 
Cornell I’niversity. He has been in charge 
(tf the com iniprcivenient program iit the" 
Idaho station. 


R. D, Ensign 


FiRST^ CALIFORNIA FORHSTRT DEAN DIES 

Walter Mullord, 78, first deran of the University of California 
Schead i>f Forestry, died Sept, 7 at St. H<elena^ Calif. A native of 
Millville, N. J., he was a graJiuiteof the .first forestry course given 
in America at G^rncll University, He was the first state forester in 
America, and built the Coanecticut state forestry organization. His 
teaching; career included Yule, Cornell, and Michigan universitie.s 
folhnving which he beaune the pioneer of the California forestry 
school. 

VUGOSLAV SOIL SCIENCE SOCIETY 
HOLDS FIRST aONORESS 

The Erst Congress of the Yutgoslnv Society _ of Soil Science was 
held Sept, 19-22 at Portoroz, Slovenia. jNeetings of its Eve com- 
missions (similar to the commissionts of the International Society 
of Soil Science and the divisions of the Soil Science Society of 
America) held sessions on each of the 3 days of the Congress. 
Excursions into Slovenia and Ooatia w-ere conducted from Sept. 
23-27. Chairmen of the £ve commissions of the society are as 
follows : 

Viktor Nejgbbalt er, Faculty of Agriculture, Zagreb, Commis- 
sion L soil genesis and cl assiEotion; Gj. Janekovic, Faculty of 
Agriculture, Sarajevo^ Coiximissiofl JI, soil physics and soil chem- 
istry; Z. Tesic, Faculty of Agriculture, Belgrade, commission HI, 
soil biology; M. Jejcic, Faculty of Agricultiare, Skopje, commis- 
sion IV, soil fertility^ plant nutfitiom, and fertilizers; and L. Stoj- . 
KOVic, Faculty of Agficnalture, Novi Sad, commission V, soil 
technology. 


Hawaii and the Hawaii Agricultural Experiment Station in the 
position of assistant professor in soil science and assistant soil 
scientist. He was formerly a graduate fellow in soils at the Uni- 
versity of Wisconsin, where he completed work for the Ph.D. in 
soil science in July of this year^ 

E, V. Miller, former associate professor of agronomy in soil 
fertility, North Carolina State College, is now chief agriculturist 
for Chemicals International Divi.sion of Olin Mathieson Chemical 
Corp., conducting studies of soil conditions and fertilizer .require- 
ments in countries served by Olin Mathieson. 

_A 

L. R. Frederick, assistant microbiologist in the departments of 
agronomy and botany, and plant pathology at Purdue University, 
has accepted a position in teaching and research as associate pro- 
fessor of soils in the agronomy department at Iowa State College, 
Ames, He is in charge of teaching undergraduate soil fertility and 
soil microbiology, and is also conducting research in soil micro- 
biology. ^ 

James A. Vomocil, who completed requirements for the Ph.D. 
degree H*om Rutgers University in July, is now instructor in the 
department of soils and plant nutrition, University of California, 
Davis. 

■ .._A ■ 

Sterling R. Olsen, senior soil scientist with U.S.D.A. at Fort 
Collins, Colo., is visiting professor of agronomy (soils) at Iowa 
State College for the period Sept. 16 through Dec. 16. 

Harry Hudson Bailey, who joined the University of Ken- 
tucky staff as an assistant agronomist on July 1, is engaged in 
work on soil classification and clay mineralogy. 

■ ■ .. — A,„_ ^ ■ 

Frank A. Loeffel was appointed associate agronomist in 
charge of corn improv'ement effective Oct. 1, at the University of 
■..' Kentucky, :•' ■ ^ 

J. B, Harrington, head of the field hussbandry department of 
the University of Saskatchewan, has been granted leave of absence 
to undertake an assignment for the Food and Agriculture Organi- 
zation of the United Nations. He will work for FAO as regional 
advisor on its wheat and barley breeding project in Egypt, Jordon, 
Lebanon, Syria, Cyprus, Turkey, Iran, Iraq, and Pakistan. Dr, 
Harrington will be based at FAO Headquarters at Rome and 
spend about 8 months of the year visiting the various breeding 
stations of the region. 
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On Sept. 1, Lloyd C. Hulbert began an appointment as assist- 
ant professor in the department of botany and plant pathology at 
Kansas State College, Manhattan. His work involves teaching 
courses in plant ecology and plant taxonomy, herbarium work, and 
research in plant ecology. At the Universtiy of Minnesota, he ^yas 
an insctructor in botany for 4 years, teaching and conducting 
research with emphasis on plant ecology. 

A 

Harvey J. Walker joined the Texas Agricultural Experiment 
Station staff Aug. 1 as assistant agronomist at the Lubbock sta- 
tion. He has a bachelor degree from Texas A&M College and an 
M.S. from Texas Technological College. 

H. Lee Schwanz has been named managing editor Farm 
Profit, published in Milwaukee, Wis., by the Massey-Harris Co. 
He was formerly with Gentlemen and Better Parmhig. 

Willard Schmehl has returned to Colorado A&M College fol- 
lowing one year of advanced research at the University of Wis- 
consin soils department. 

A 

W. Ralph Singleton, of the biology department, Brookhaven 
National Laboratory, Upton, L. I., N. is now Miller Professor 
of Biology at the University of Virginia. He will also .serve as 
director of the Blandy Experiment Farm, Boyce, Va., during the 
winter months. 

. 

Wayne D, Anderson has started work at Riverton, Wyo., as 
a University of Wyoming soils technician and researcli assistant 
in agronomy. 

Gerald L. Lowry, who received the M.S, degree in June 1955 
from Oregon State College, is now instructor at the Ohio Agri- 
cultural Experiment Station, Wooster. His research there is con- 
cerned %yith coal stripped land reclamation with emphasis on 
revegetation of spoil banks with forage crops and tree species. He 
received the B.S. degree in Forestry from Pennsylvania State Uni- 
versity in 1955. 

- . A_: . 

J. H. Stoeckler, forester in charge of the Forest Research Cen- 
ter, Rhinelander, Wis„ from 1946-54, is now in charge of forest 
soil and forest influence investigation,s at the Lake Spates Forest 
Experiment Station, St. Paul, Minn. His work concerns .soil-site 
investigations, watershed management, and shelterbelt iiivestiga- 
tions. 

■ 

John E, Baylor, associate exten.sion specialist in farm crops, 
Rutgers University, was granted a 2-year leave effective vSept. I to 
compJetcvwork on the Ph.D. degree in agronomy at Pennsvlvania 
State University. His forage \vork at Rutgers is being continued 
currently by C. Richard Skogley. At Pennsylvania State, he is 
engaged in seedling establishment of birdsfoot trefoil. 

„A_, , 

Six additional staff members of New^ Mexico A&M College are 
now on 2-year assignments wdth the Agricultural College, Univer- 
sity of Sind, at Tandb Jam, Pakistan. Among them is Eugene E. 
Staffeldt, assistant plant pathologist. Harold E. Dregne, pro- 
fessor of soils, W'as in the advance party Nvhich left for the south 
Asia country in July. 

Robert H. King has succeeded O. A. Heath as head of the 
University of Wyoming Agricultural Research Chemistry Depart- 
..ment. ' . ■" ; T . 

A 

William F. Watkins, agriculturist with the Eastern Fertilizer 
Division of Olin Mathieson Chemical Corporation, has been named 
agronomist for the Great Lakes sales district with headquarter.s at 
Lafayette, Ind. 


Glenn A. Feather, soil scientist of York, Nebr., is now cvith 
the IJ. S. International Cooperation Administration (former FOA) 
at Riovalpindi, Punjab, West Pakistan. 

„A„ 

R.ay Gresham has been named assistant extension soil conser- 
vationist at South Dakota State College, replacing Leonard Ladd 
who is on leave of absence in Jordan. 

_A 

Ronald B. Foster transferred in September from the Univer- 
sity of Arizona agronomy department at Tucson to the Univer- 
sity of Idaho Extension Service as the extension agent for Teton 
County at Driggs, Idaho. He W’as instructor and assistant agrono- 
mist in forage' crops research at the Uni%er,sity of Arizona. 



At the University of Arkansas entomology department, Robert 
C. Hunter has replaced John R. Bagby, Jr., in a research proj- 
ect on cotton boll worm control. 

A 

After 6 vears as instructor in soil science at Michigan State 
University, Nathan A. Wilijts transferred Sept. 1 to Rutgers 
University as assistant professor of soil physics. He received the 
Ph.D. degree at Michigan State. 

■ „A.„ 

Fiuax V. luSKA has been appointed research agronomist with 
the USDA at Beltsville, Md.. where he will he primarily respon- 
sible for developing and carrying out investigations in turfgrasses. 
He received undergraduate ariii adcanaxi degrees at Michigan 
State Univcrsitv. 

■_A„ ■ 

Walter M. Nixon returned recently to the Soil Conservation 
Service at Lincoln, Nebr., fnun an ICA assignment in I'urkey 
where he participated in a program of training technicians for the 
Turkish Ministry of Agriculture. The program was devoted to 
pasture and range management, grass and legume .seed produc- 
tion, and management of grasses and legumes for grazing, hay and 
silage. ^ 

W, H. Mitchell has returned to the University of Delaware 
as assistant professor in agronomy after spending the pa.st year 
on leave at Pennsylvania State University working towaird the 
Ph.D. degree. 

. „A„_. 

Harold GaUsman has joineil the agrontuny staff at the Uni- 
versity of Maine as an associate agnutoniist in soil chemistry and 
plant nutrition. Dr. Gausman had been at the New Jersey Experi- 
ment Station, for U/J years,. ,He, replaces Dr. Kenvneth ‘Nielsen 
wdiD is now' senior agronomist with the Canada Departiiient of 
Agricultufe, ^ 

Lester E. Clapp, extension soil conservationist at low^a State 
College, has been named soil conservation training advisor in 
Brazil with the State Department ICA. He wall be stationed at 
the Fazenda Ipanema training center in the state of Sao Paulo. 

■ _A„ 

Jeffery E, Daw.son Im returned to Cornell University as 
soil kience professor following a .special assignment wdth the 
Soil Conservation Service establishing ii new classification system 
for muck soils. 

■ . 

Billy Tucker, who received the Ph.D. degree at the Llniver- 
sity of Illinois last .summer, is now' soil scientist on the staff of 
the Red Plains Conservation Experiment Station, Guthrie, Okla. 

\ ' _A_, , ■ 

Eldon L. Zickhr of the University of Wisconsin soils depart- 
ment has moved to Yakima, Wash., where he is now' engaged in 
a family orchard enterprise. 
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Wiilcox s Agrobiology; IV. Review of Willcox’s Reply’^ 


C. A. Black, O. Kempthorne, and W. C. White= 


T he July, 1954, issue of Agronomy Journal contains a 
series of three papers, in which the authors set forth 
a theoretical and experimental examination of the subject 
matter of "Willcox s Agrobiology;* The same issue con- 
tains another series of four papers^^ representing Willcox’s 
reply. In reviewing his reply, we may first pass through our 
papers, taking the headings that point up the criticisms, and 
giving what we consider to be Willcox’s reply: 

1. Early coniradktion.—WilXcQX states that the early con- 
tradiction should be attributed to the lack of ‘'perspective 
that comes only with wide observation.” 

2. Witlcox's of the nitrogen constant 31S. 

—No satisfactory reply. Wilicox merely ‘ gives his original 
words in a different permutation. 

3. The Mitscherlich equation. — ^a. Validity. Nothing new 
is added by Wilicox, except that he quote the "rule of 
halved increments.” This “rule” is mathematically equiva- 
lent to the Mitscherlich equation, b. Constancy of c. Will- 
cox replies that Van der Paaiiw’s least-squares method of 
fitting the parameters in the Mitscherlich equation for cer- 
tain data on barley and rye results in an unrealistic repre- 
sentation of the facts (see below), c. Value of c. Wilicox 
restates his original position that 0.122 is the correct value. 
He says that the value 0.2, recently adopted by Mitscherlich 
and Atanasiu as more suitable than 0.122, applies to cases 
in which there is some yield depression. 

4. Yield response and nutrient absorption.—^illcox^ 
statements do not have logical continuity, and hence do not 
constitute a satisfactory reply. 

.5. Recovery of added nHrogen—"Ho reply. 

6, Ohscurities in method erf applkation.—^. The question 
of the proper plant part. No reply, b. The question of the 
proper nitrogen percentage. AAo reply. 

7. Experimental data contradicting Willcoxk conclusions. 
— a. Observed nitrogen content of pianfs in pot experiments. 
No reply, h. Extrapolated nitrogen content of plants in field 
experiments. No reply, c. Observed nitrogen content of 
plants in field No reply, d. Nutrients other 

than nitrogen. No reply. 

8. Experimental tests on the inverse yield-nitrogen law. 
—Wilicox introduces his own special statistical methods, 
from W'hich he reaches a conclusion opposite to that of the 
authors (see below) . 
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9- Observations on nutrient content of plants, and con- 
sequent hypotheses regarding causal relationships, a. Nitro- 
gen.NoTt^lj.h. Other nutrients. No 

The foregoing tabulation shows that Wilicox has not 
replied to most of the criticisms made by the authors. Of 
the criticisms he has acknowledged, his reply is considered 
by the authors to be satisfactory only in the case of the first. 

Following are some brief comments on Willcox’s reply. 

1. To justify eliminating from consideration one crop 
that does not agree with his ideas, Wilicox supposes that 
the crop "is an incompletely reverted hybrid.” He states 
that he has coined this term for the purpose of "character- 
izing certain anomalous hybrid sugar cane clones that show 
evidence of genetic readjustment.” By neglecting to state 
precisely what these terms signify, he has provided another 
unverifiable hypothesis. 

2. Wilicox does not appear to understand mathematical 
manipulation, as evidenced by the last paragraph in coliimn 
1, page 321. His statement is equivalent to the following: 
if y is equal to the function f(x), one can, by merely solv- 
ing the function for x and expressing x as the function 
g(y), impute an entirely new significance to x. 

3. To obtain equation 3, page 321, Wilicox states that he 
differentiates with respect to Xp. Equation 3, however, indi- 
cates differentiation with respect to y. The derivative he 
gives is not the correct one. Proceeding from this incorrect 
beginning, he states .- “From here, by following recognized 
mathematical procedures, we derive a value of Xp = 3.56, 
which on conversion from metric to U. S. Units turns out 
to be 318 pounds of nitrogen usefully absorbed from one 
acre of soil in one cycle of plant growth.” The "recognized 
mathematical procedures” do not exist, in the opinion of 
the authors. Although he elaborates on the principles of 
mass action and "allometry” as justification for his mathe- 
matical procedures, he neither gives the procedures nor 
explains precisely how the foregoing principles apply 
thereto, The lack of this kind of information is exactly 
what the authors’ original criticisms were about. The 
authors are perhaps as familiar as Wilicox with the fact 
that within similar conditions of soifi crop, and environ- 
ment, both yield of dry matter and yield of nitrogen are 
functions of the nitrogen supply in the soil, and hence of 
each other. Wilicox has in reality said no more than this 
in the way of justification. 

4. In justifying his use of the Mitscherlich equation, 
Wilicox state that "any mathematical expression for the 
law of diminishing increments of yield in agriculture must 
be an expression of the rule of halved increments.” (The 
latter is mathematically the same as the Mitscherlich equa- 
tion.) Willcox’s statement is false. His further peregrina- 
tions on the universality of the fraction 1/2 in natural 
processes (column 2, page 325) are beside the point. 
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5. Wilicox concludes that the result of Van der Faauw*s 

least-squares procedure for fitting the parameters in the 
Mitscherlich equation for certain data on barley and rye 
'‘belies the visible lay of the undisputed yield figures, . . . 
and thus gives a false picture of the observed relative yield- 
ing abilities of these two crops.” Willcox’s conclusion is 
false. He reached this conclusion by route of errors in 
applying Van der Paauw’s results and by alterations he has 
made ill the numerical values of published yield data. 
(Compare the yields of rye in his figures 2 and 3, 328; 

those in figure 3 are incorrect.) 

6. Wiilcox has given two versions of the inverse yield- 

nitrogen law: (a) "When two or more different kinds of 
plants are comparably grown in the same soil, that one con- 
taining the smallest percentage of nitrogen will give the 
greatest yield of dry substance per unit area of land sur- 
face.” (h) . . The yields of ail agrotypes, without any 

clearly proved exceptions to date, are inversely proportional 
to the percentage of nitrogen contained in their whole dry, 
above-ground substance.” The former version is quoted 
from Willcox’s reply. The latter was quoted by the authors 
from one of Willcox's previous papers. 

The two versions are not equivalent. The first is quali- 
tative, and the second is quantitative. The authors criticized 
the quantitative version. This version can be written in 
symbols as 


k 



w^here y is the yield of above-ground dry matter, n is the 
nitrogen percentage in the dry matter, and k is a constant, 
which represents the yield of nitrogen in the above-ground 
dry matter. The data presented by the authors showed that 
k was not constant under conditions where Wiilcox says it 
is constant. 

Wiilcox does not acknowledge existence of the quanti- 
tative version. He uses this version, however, when he dis- 
cusses the constancy of yield of nitrogen (or k in the above 
equation), and wdien he uses the equation Q rr 313/'n for 
calculating the maximum possible yield of plants. Page 316, 
column 1, paragraph 4, gives an example of his use of a 
statement of the qualitative version of the"law” followed 
immediately by an application of the quantitative version. 
As further evidence that in practice Wiilcox recognizes the 
inverse yield-nitrogen law to have a quantitative aspect, 
attention may be directed to his section entitled "A Model 
Experiment” on pages 318 and 319. 

When pressed on the quantitative version, Wiilcox first 
replies at length with the qualitative version. Me tlien goes 
on, however, to use an erroneous statistical test (page 318) 
as a means of supplying proof that the inconstancy of yield 
of nitrogen found by the authors is illusory. He concludes 
from this that "Black and Kempthorne's arguments against 
this constant 318 in Parts I and 11 of their discussion col- 
lapse with the failure of their experimental assault on the 
inverse yield-nitrogen law.” In addition to the fact that the 
conclusion is based on a faulty premise, the conclusion itself 
implies lack of recognition that the onus is upon him to 
refute the entire array of evidence the authors have brought 
to bear against the nitrogen constant 318, 


7. Willcox’s use of the word "probability” on pages 318 
and 319 is incorrect. The term "probability of constancy” is 
a new one in the theory of probability, Ihe method of giI- 
culation indicates that it is not a probability. 

8. Willcox’s statistical interpretations in the second col- 
umn of page 324 and the first column of page 328 are 
erroneous, 

9. One may cjuestion in what manner Willcox’s "revita- 
lized strip test” (which consists of a single fertilized plot 
bordered on each side by an unfertilized plot) referred to 
in column 2, page 326, obviates the need for extensive 
replication which he points out in the preceding sentence. 

10. The authors have not been able to find in their papers 
two direct quotations that Wiilcox attributes to those 
papers. 

11. Five statements in Willcox’s papers that are pur- 
ported to be verbatim quotations from tlie authors’ papers 
are not verbatim quotations, but have been altered by 
Wiilcox. 

12. One of Willeox’s quotations involving the authors’ 
mathematical equations contains errors that make the result 
nonsensical The authors' "error”, which Wh'llcox points 
out in his footnote 3, page 321, is in his own mi.sqaotation, 
and not in our w^ritings. 

13. Comparison of Willtox’s table 1, page 324, with 
Mitscherlkh’s original paper from which the data were 
cjuoted shows 10 instances in which Wilkox’s numerical 
values differ from those of Mitscherlich. 

14. Wilicox’s table 3, page 323, contains one error in 
addition, one error in copying from table i (which may be 
typographical), and one error that: is apparently typo- 
graphical 

15. The cakulated yields fronU Willcox’s table 3, page 
325, are incorrectly plotted in his figure 1 on the same 
page... ■ / 

16. The equation given by Wiilcox in column 1 ot page 
327 to represent the response curve in figure 1 on the same 
page is not the equation for the (urve in the figure. 

In conclusion, the following statements seem appro- 
priate: f/J The authors’ papers supply evidence that Will- 
cox’s agrobiology is without siibslaniial scientific basis, is 
internally inconsistent, and is externally in disagreement 
with experimental evidence. f2) Wiilcox has mk refuted 
the arguments advanced by the authors. (3) Willcox’s lack 
of recognition of old errors pointed out by the authors, 
together with his new errors, inaccimuy of quotatio of 
published statements, and actual altera titm of published 
niimerkal data require no comment 

In the opinion of the authors, Wiilcox’s agrobiology is 
worthy of no further consideration of a scwntific nature. 
The authors now^ rest their case. 

:V;:' : / .SUMMARY' 

A review of Willcox’s reply to the authors’ criticism of 
"Willcox’s Agrobiology” shows that Wiilcox has not re- 
futed^ the arguments advanced by the authors. His reply 
contains numerous new errors and inaccurate quotations of 
the authors’ writings. Numerical values of certain published 
data have been altered from the original In the opinion of 
the authors, Willcox’s agrobiology merits no further serious 
consideration. 




Quantitative Agrobiology: V. Further Comments on Black, 
Kemptliorne and White’s Criticism of “Willcox’s Agrobiology”' 


O. W. Willcox- 


I N THE July 1S>54 issue of the Agronomy Journal a dis- 
cussion on Agrobiology comprised three papers by Black, 
Kempthorne and White in derogation of what they char- 
acterize as "Wilkox’s Agrobiology’, (1, 2, 7) and four 
papers by me on ’’Quantitative Agrobiology” (12, 13, 14, 
15 ) implying that Black, Kempthorne, and White have sub- 
stantiaiiy failed to shake either of the two foundations (the 
inverse yield-nitrogen law and the Mitscherlich law of 
yield ) of this most recent addition to the family of plant 
sciences. Black, Kempthorne anti White’s rejoinder appears 
on page 497 of this issue. This paper is my sur rebuttal on 
their rejoinder. 


A Question of Good Faith 
In their rejoinder Black, Kempthorne, and White take 


occasion to charge me (1), with bad faith in misquotation 
of their text and attributing to them statements which they 
never wrote; and (2), with alteration of published numeri- 
cal data. As these allegations involve a cjuestion of personal 
integrity, they \vil 1 be attended to first 

In thear paragraph nl’unbt^^^^^ 12 they say: ”The ’error’ 
which Willcox points out in his footnote 3, page 321, is 
his own inisc|uotatic>n and not in our writings.” 

In, the footnote referred to, they are quoted as follows: 
"Thus, if X is increased indefinitely, y approaches 318,” 
which they rightly insist would make the result nonsensical. 
In the same footnote I said: ’’Black and Kempthorne are 
here confusing and y. What they might have said is: 
if Xg is increased indefinitely, Xp approaches 318.” This is, 
indeed, what they actually said in their printed paper ((1) 
I, page 306, column 1). In my reply, I took the disputed 
quotation, verhatim, from a carbon copy of their original 
typescript. Evidently, the statement in c|uestion was cor- 
rected before the paper was printed, and the authors neglec- 
ted to notify me of its elimination. 


y/x ratios are constant at 1.09), the slopes of the curves 
are analogous, and they show no tendency to cross. This 
figure 2 was plotted from the actual experimental data as 
recorded in Mitscherlich’ s summary of the German soil 
fertility survey (4). But the case is c|uite difi'erent when 
two or more fertilizers with dififerent effect factors act on 
the same kind of plant. The resulting curves are then non- 
homoiogous, their inter-plant y/x ratios are inconstant, the 
slopes of the curves are non-analogous and the curves may 
show a tendency to cross. .Examples of non-hornologous 
curves are shown in figure 1, copied from Mitscherlich. 
This figure 1 compares the actions of P^Og (c 0.6) ; 
KjjO (c rz 0.4); and N (c rz 0.122)— all measured in 
Doppelzentner /hectare— when the same kind of plant is 
separately treated with increasing increments of these nutri- 
ents. The resulting curves in figure 1 obviously have incon- 
stant y/x ratios and their slopes are obviously non-analo- 
gous. These relations warrant the statement that: 


’Tf two or more Mitscherlich curves are homologous 


(with constant y/x ratio) they have the same constant 


Van der Paauw 



r , ■ , 



Fig. i.—Yieid increases by different fertiliisers produce noivhonio- 
logous yield curves.^ ^^^^ 


The allegation of alteration of published numerical data 
is made in connection with Van der Paauw’s proposal to 
transfer the attribute of constancy from the growth factor 
to the plant. According to Van der Paauw, Mitscherlich’s 
generaTconstant 0.6 for P^Og should be changed to 0.4 for 
rye, while he allows it to remain at 0.6 for barley. This 
change in the rye factor has mathematical consequences 
which neither Black, Kempthorne, and White nor Van der 
Paauw have recognized. To appreciate the situation thus 
created, it is necessary to consider briefly some agrobiologic 
fundamentals, 

In the Mitscherlich system of soil-plant relations, wherein 
each factor of plant growth is assigned a specific effect 
factor the actions of a plant nutrient on two different 
kinds of plants may be compared by plotting the experi- 
mental yields against increasing increments of the nutrient, 
as in figure 2. The resulting two curves, having the same 
Mitscherlich factor (c zz 0.6), are homologous (i.e., their 

^Received for publication March 21, 1955. 

^ Consulting Agrobiologist, 197 Union St,, Ridgewood, N. J. 
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Fig. 2.' — Yield curves of barley and rye, calculated with the 
slant 0.6 for PaOs- These curves are homologous; yields at 
responding ordinates show a constant ratio. 
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c; conversely, if two or more curves are non-homoio- 
gous (inconstant y/x ratio) they have different con- 
stants 

The two curves in figure 2 clearly are hoiiiologous, while 
the two curves in the disputed figure 3'‘ calculated from the 
same experimental data are not homologous. Moreover, as 
Black, Kempthorne, and White point out, the yield-values 
for rye in figure 2 are different from the values given in 
figured (which is the fact), and they assert that the yield 
figures for rye in figured are incorrect (wfiiich remains to 
be seen). On this obvious discrepancy they base the allega- 
tion that I have altered published niimericai data. 

This apparently anomalous situation can be clarified by 
making use of one of the subsidiary techniques of agrobio- 
iogic calculations: if a given plant nutrient is allowed to 
act separately on two different kinds of plants and the 
rewsulting yield curves are plotted on the same diagnini with 
the x-axis scaled in appropriate units of the nutrient, the 
curves will be either homologous or nondiomologous, de- 
pending on whether the effect factor resides in the nutrient 
as demonstrated by Mitscherlich and his co-w^orkers, or in 
the plant if different plants have different factors as claimed 
by Van der Paauw. For this case the agrobiologic procedure 
is to scale the x-axis, not in ordinary units of weight, but 
in equivalent /M///e.f of the nutrient employed. As has been 
explained many times, the baule of a plant nutrient is that 
amount of it which is sufficient to account for half (5Q%) 
of the maximum yield obtainable when the nutrient is sup- 
plied up to the limit of the plant’s capacity to give an 
increase of yield. The values of the baules of plant nutri- 
ents are calculated by the formula log 2/c derived from the 
Mitscherlich equation. Taking c rz 0.6 for PoO^-on-batley 
and c =: 0.4 for PaOg-on-rye, the corresponding baules are 
50 and 75.2 (hectare*" basis) respectively. That is to sa)va 
bailie of PoQjj would be 1 1/? times more potent as a plant 
nutrient in the one case than in the other. Use of the baule 
as the unit of measurement puts all growth factors on the 
same mathematical footing, because their individual c’s are 
compensatingly jiierged into the one baule coefficient 0.301; 
double-scaling of the x-axis is thus dispensed wuth, while 
allcwing free expression of differences in nutritional 
potency, wherever cmay reside. 

It will thus be seen that in my reply (12) 1, p. 328, 
two tests were used to show^ the wrongness of Van der 
Paauw’^’s constant: (A ), — ^In figure 2 the curves of barley 
and rye are plotted, both wnth the same constant 0.6. The 
two curves turned out to be strictly homologous. Since Van 
der Paauw admits that the constant 0.6 is valid for P^Oji- 
on-barley, the homology of the tw'o curves automatically 
proves that the constant 0.6 for P.Ojj-on-rye is the right 
one. {BJ , — In figure 3 PoO^j-on-barley is plotted with the 
constant 0.6 and PoOs-on-rye with the constant 0.4, com- 
pensating the difference in nutrition value implied by the 
. difference in constants by scaling the x-axis in baules. Since 
the two curves in figure 3 are obviously non-homologous, 
and since it is granted that the constant for PgOg-on-barley 
is 0.6, it is automatically proved that the constant 0.4 for 
PaOjj-on-rye is wrong. (Here it must be stated that by an 
error in drafting, the legend of the x-axis in figure 3 was 
made to read ’'Total PsOg in Soil, D2.”; it should have 
read. "Total PjjOg in soil, baules." 

*See Wilicox, Agron. Jour. July 1954, p. 328. 


It remains to explain how the yield- values for rye in 
figure 3 came to be different from those in figure 2 when 
it is known that a constant 0.6 is characteristic of barky, 
and a constant 0.4 is assumed for rye. These constants may 
be used to calculate Mitscherlich-Batile curces for these 
two crops, using given sets of experimental yields for each. 
In such case the yield-ordinates of the curves xvill be deter- 
mined, not by the corresponding units of nutrient measured 
in DZ, but by these units measured in baules, and these 
baiileic units will not be in the same proportion nunierically 
because of the difference in constants. The positions of the 
dots on the curves representing the experimental yields will 
then lie higher or lower on the M-B curves than on the 
corresponding DZ curve.s. The allegedly incorrect figures 
for rye in figure 3 are therefore not of my invention but 
are values imposed by the choice ot an incorrect constant 
for rye. Since in the present case the result is non-homology, 
the Van der Paauw constant must be reiectecL even though 
it ivas fathered w^ith the lielp of the sapposeilly omnipotent 
method of least squares (and for which, in matters affect- 
ing the direct interactions of plants and their growth 
factors, quantitative agrobiologists have small regard. See 
below). 

' Attempt to Invalidate the Inverse Yield-Nitrogen Law 

Blackv Ken ipi lion it\ uiui W'liitt* tahulaic 1 i s|H.vUk criticisms to 
which no reply li.t-s het-n made. A ivasun fur ffinori ng the 

nei;Iected crititisms will he ,i;hcii t.trllier tne m\4 attention will 
first he centered on those particular^ u hereon their rejoinder is 
deemed to have failed to meet my riposte to tfieir uriyjinal criticism 
iff 'AX411cox's A,^rohiolo,ay'^ 

If White and Black’s esp-eriment to invalidate the inverse yield- 
nitrogen law had succeeded in the expected sense, ^W ill cox’s 
Agrobiology'* would hu\e been damaged beyond redeoiption. But 
it did not .succeed. And the curious fact is that White and Black 
were apparently not aware of its failure when they published their 
results. Theyriiad beieme them the question: 

Do plants that give high yields r^f dry wgetahle substance 
contain larger or smaller percentages c4 nitrogen than other 
plants giving low: yirlds of dry suhstanu*. Kshvn the high and 
the low yielding plants are grown on equal areas of the same 
uniform soil ? 

This questum van be answeivti by a iouipucrhly eseented experi- 
ment. Such an experiment ctuisists in planting two or more dif- 
ferent kinds of plants on equal areas of the muh»no scul that 

have been supplied vyith mcieasiog dosis of t)itrogen fertiliiieiv 
weighing the yieUls t>f dry substance from each niinigen treatment, 
and determining the average |''ertentage of nitivygen contained in 
the dry siibstance harvested froni that treatnaul, 'This done, the 
next .step i.s to arrange the various yields vd' dry sub.stance in the 
order of their increasing magnitudes, and to place opposite each 
yield figure its corrcsp<mdi!Jg percentage of nitrogen. With the data 
so tabulated, the figures in the nitrogen column will be either in 
the inverse order of the figures in the yield column, or they will 
show no regular order, and cemsequently no consistent relation 
between yield of dry substance and nitrogen pvn entage. 

White and Black omitted the last step. 'I'hev tabulated tlieir 
data indi.scriminately, with no regard to numerical order of either 
yields or nitrogen percentages, in this scrambled arrangement of 
the figures, no support for the inverse yidd-nitrogen hnv could 
readily be seen, so Wliite and Black were ready with "proof” of 
the invalidity of the law. in examining such an experiment the 
first care should be to arrange the yields in their oilers of magni- 
tude opposite the corresponding nitrogen percentages. I’hercupon, 
the nitrogen percentages showed up in inverse tnaler to the yields. 
And so here, as in countkvss other cases, the inverse yield-nitrogen 
law asserted itself. 

White and Black's omission to take this last step (the only pro* 
cedure that could reveal the situation for which they were osten- 
sibly seeking) might be regarded as an inadvertance. But their 
omission to make a frank acknowledgment of the error is another 
matter. Instead, in a long passage on the qualitative and quantita- 
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five aspects of the inverse yiekl nitrogen law, they now insist that 
they were criticising uniy tiie quantuacive aspect that an kinds 
of piaiits grmvn under c<un|\irai>ie conditions contain substantially 
the same quantity ot nitrogen, by weight, regardless of the quantity 
of ncm-nitrogenous substance they severaliy produce). This is an 
oblique admission tliat in its quantative aspect (i.e., nitrogen per- 
centage is inverse to total yield of dry substance) the law is valid. 
To prove the non-existence of the quantitative relation they applied 
an analysis of variance to the diiierences of nitrogen yields in con- 
nection with yield of dry matter; this statistical operation is said to 
have siiown that different kinds of plants do not necessarily contain 
the same quautities of nitrogen. . . 

In examining this portion of their data I found that the situation 
could be adequately handled by calculating the average deviation 
of the means of the nitrogen contents; this showed probable con- 
stancy within a range of 92.2 to: 96.5%— a degree of probability 
which, coipidering the quality of their experimental work in com- 
parison with a cited experiment (Pazler) of unquestionable accu- 
racy, may still be deemed reasonably confirmatory of the quanti- 
tative aspect of the law. 

The Nitrogen. Constant 318 

Paragfiiph 2 of the second section of Biack, Kempthorne, 
and White’s review of my reply opens with the statement 
that '‘W^illco.ic does not appear to understand mathematical 
manipulations.” They find occasion for this supposition in 
a typographical error in my reply. This occurred in a phrase 
near the bottom of col. 1, p. 321(13) ’’differentiated with 
respect to Xj”; a competent mathematician could see that this 
should have read ’’differentiated with respect to y.” Taking 
this accident as a cue, they allege that what I intended to 
say was: ”if y is equal to the function of (x) one can, by 
merely solving the function of x and expressing x as the 
function of g(y) (sk), impute an entirely new significance 
to x”; this is nonsensical. 

However that may be, what they are now saying is a 
complete reversal of what they said in their original paper. 
Refer to the passage in their Part I, col. 1, p. 306 (1) 
where they discuss my derivation of the constant 318, and 
give their understanding of how I arrived (9) at the equa- 
. tion:' : 

Xp - 318 (1 — 10“^^) 

From there they go on to say : 

'"i'hv procedure up to this point is straightforward. Equa- 
tion 9 is rnathernutically conxvt. if we interpret Xy to be 
the nitrogen in the plant and X the amount of N present in 
the soil. We obtain an equation that is in accord with Willcox’s 
ideas. I'ims, as X. is indefinitely increased, Xi, approaches 

What is this but an admission that my procedure has been 
straightforw^ard, and that my derivation of the nitrogen 
constant is mathematically legitimate But they go on to 
'say:', 

’There is nothing in the mathematics, however, to justify 
the interpretation that Xp is the nitrogen in the plant. The 
manipulations therefore do not constitute a derivation of the 
nitrogen constant 318. , Since Willcox has, in effect, 

snatched a figure from the air, he cannot be proved wrong on 
a theoretical basis unless theory demands some other value.” 

And there is the crux. They approve my mathematics 
(except when they take advantage of a harmless typograph- 
ical error to create an appearance of confusion). But they 
cannot understand what could give origin to the concept 
Xp. In their review of my reply they complain that 

’’although he (Willcox) elaborates on the principles of mass 
action and ’allometry’ as justification for his mathematical 
procedures, he neither gives the procedures nor explains^ how 
the foregoing principles apply thereto. The lack of this infor- 
mation is exactly what our original criticisms were about.” 


It seems to this writer that a person who has formed the 
habit of close reading of technical papers should easily find 
in my reply a description of the procedures and principles 
involved, and also a clear exposition of the concept Xj,; see 
(13) my Part II, col, 2 at the bottom of p. 320, beginning 
with the section headed '’Distribution of nitrogen between 
soil and plant.” 

Thougn Skilled in the use of pure mathematics, they 
appear to be unskilled in the meaning and mathematical 
applications of the general mass action law to the mineral 
nutrition of plants. In their review of my reply they con- 
fidently assert that : 

’The authors are perhaps as familiar as Willcox with the 
fact that vyithin similar conditions of soil, crop, and environ- 
ment, both yield of dry matter 'and yield of nitrogen are func- 
tions of the nitrogen supply in the soil, and hence of each 
other.’’ 

As to that, I am inclined to allow the informed reader 
to apply the adage: "by their works ye shall know them.”® 

Their assertion that my statement; "any mathematical 
expression for the law of diminishing increments of yield 
in agriculture must be an expression of the rule of halved 
increments” (the latter is mathematkaily the same as the 
Mitscheriich equation) is false,” may be left to the judg- 
ment of readers who have made themselves familiar with 
the vast mass of factual evidence in support of the Mitscher- 
iich law of yield that has accumulated during the past 46 
; years. 

The Real Question at Issue 

Black, Kempthorne, and White complain that I have 
taken no notice of the theory which they offer as a substi- 
tute for the inverse yield-nitrogen law. It is my opinion 
that no plant nutritionist who has a working acquaintance 
with the distribution of nitrogen between plant and soil as 
a mass action function would give their theory a second 
.look. ■ . 

They further complain that iio reply, or no satisfactory 
reply, has been made to most of their criticisms, and they 
insist that ". . . the onus is upon him (Willcox) to refute 
the entire array of evidence the authors have brought to 
bear against the nitrogen constant 3T8.” 

Their citations of experimental wotk reported by Rack- 
mann; Borden; Bishop; Carpenter, Haas and Miles; Robin- 
son; Dreyspring, Kurth and Heinrich were ignored because 
the conciusions which Black, Kempthorne, and White draw 
therefrom are no better than inconsequential "quibbles” 
that do not warrant the space that would be required for 
discussing them and which could be better used for con- 
sidering the decisive matter around which the whole con- 
troversy revolves. That decisive matter is whether the 
Mitscheriich yield equation is the sole authentic mathemati- 
cal expression for the formidable law of diminishing incre- 
ments of yield in agriculture that holds undisputed rule 
over all quantitative relations between the yields of plants 
and the factors of their growth. The disputed constant 318 
derives from the Mitscheriich equation; to upset this con- 
stant, it is necessary to upset the Mitscheriich equation. 
Therefore Black, Kempthorne, and White should accept 
"the onus of refuting the whole array of evidence” that 

® It may again be .suggested that soil scientists and plant phj^si- 
ologists would do well to familiarize themselves with Mitscher- 
lich’s "uber allgemeine Naturgesetze,” Schriften der Konigsberger 
geiehrten Gesellschaft I, Naturwissenschaftiiche Klasse, Heft 3 
(1924). 
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supports the Mitscheriich equation. Within the limited 
space assigned to this discussion, it is not feasible to launch 
a review of the vast record of experimental data on which 
quantitative agrobiologists base their unreserved acceptance 
of the Mitsdierlich equation; but at least one robust 
example should be cited. 

The selected example is the German soil fertility survey 
of the 193Cys wherein, over a wide range of soil conditions, 
cultural practices, climatic influence, and different kinds of 
crop plants, the authenticity of the Mitscheriich yield equa- 
tion and the constancy of the Mitscheriich effect factors for 
the principal plant nutrients were demonstrated by the 
average results of 27,069 Grade A field tests, distributed 
over a great expanse of varied territory. Summaries of this 
enormous work are given in (3, 4, 16). A condensed tabu- 
lation of the numerical data and an estimate of the probable 
accuracy of the average results are given in (11). The 
upshot of this investigation, which still stands as the most 
extensive collaborative enterprise in all the history ot agri- 
cultural experimentation, was to confirm the values of 
Mitscherlich’s constants within a probability of approxi- 
mately 99:1. 

To be sure, the worth of this great soil survey as experi- 
mental evidence for the Mitscheriich equation and its factors 
has been impugned by Stolienwerk ( 3 ) and by Van der 
Paauw (6). It has not been difficult to show (U) how 
these efforts aborted, in the one case by a fatuous mathe- 
maticai approach, and in the other case by a misdirected 
use of the method of least squares, w4ich contemporary 
writers of statistical texts for agricultural w’-orkers have mis- 
takenly come to regard as a master solvent in problems 
affecting fertilizer tests. This brings up another subject. 

The Statistical Problem 

In their review of my reply Black, Kempthorne, and 
White allude to my use of what they regard as erroneous 
statistical tests and to ‘'Willcox's owm special statistics ' and 
thus to arrive at conclusions different from theirs. 

What they apparently have not realized is that, when an 
agriculturist has qualified as a quantitative agrobiologist by 
making an intimate acquaintance with the Mitscheriich 
theorem and its related concepts, he sees a remarkable 
change (or one might say, a tremendous simplification and 
increase of accuracy and precision) coming over statistical 
procedures applicable to the evaluation of fertilizer tests. 
This change in statistical base involves a shift from the 
abstract Gaussian theory of probability that is extensively 
elaborated in the w^orks of Fisher, Yates, Snedecor, Cox, 
Cochrane, and others, to the very concrete realities of plant 
growth and crop nutrition, which are now known to depend 
on specific natural laws that put these realities remote from 
the domain of chance. This change was foreshadowed in 
some earlier papers (8, 14) and has been more particularly 
developed in two recent publications (9, 11). Given a 
knowledge of the practical applications of the Mitscheriich 
yield equation, some skill in use of the standard agrobio- 
logic yield diagram, an understanding of the principle of 
the reproducibility of natural phenomena, and the associ- 
ated concept of '^absolute values’" in plant culture, an oper- 
ator who has to do with the testing of fertilizers by the pot 
or the field method needs only to know how to apply the 
simple formula Sd/nVu— 1 and to do some figuring in 
percentage. Of such are the procedures used in my critique 
of Black, Rempthorne, and Whitens work. 


As concerns the quantitative agrobiologist when he is 
mainly interested in the direct response of crops to 
ers, the highly abstnict trappings of contemporary experk 
mental statistics— method of least squares, regressions, 
analysis of variance, t tests, ¥ Viilues, and even the cherished 

principle of randomization- have lost the values imputed 

to them and to which, in fact, they never have been entitled. 
This does not mean that quantitaticc^ agrobiologists make 
no use of conventional statistical methods in any experi- 
mental conjuncture, but only that in the restricted field of 
crop nutrition these methods are discarded because they lade 
the specificity and trustworthiness afforded by the Milscher- 
lich law^ of yield, the inverse yield -nitrogen law, and the 
mass action law. 

RESUME 

From the foregoing it may be conciuded that Black, 
Kempthorne, and White’s assault on quantitative agrobi- 
ology has in general miscarried because of their failure to 
discreclilAhe Mitscheriich yield et|uation and the constancy 
of its effect factors. In part icular, their attack t:m the inx^erse 
yield-nitrogen law and the nitrogen constant 31 S aborted 
because of the inadequate prcxrision of their experimental 
wmrk; their critique of the constant 31 S is without point 
because of inadequate consideration of tlie j^art played by 
mavSs action in plant nutriti<m. Moreover* for reasons stated, 
current methods of stwitistical analysis have not, and never 
have had, any valid application to the direci interaction of 
crops and fertilizers. 
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Studies of lulietitauce in L,espedeza cuneata Doti^ 


R. E Bates and P. R. Henson- 


S ERICEA lespede:ja, Lespedeza cunedta Don., is a deep- 
rooted perennial legume well adapted to the soils and 
climate of the Southeastern States. Sericea, however, is not 
as widely used as it might be, due very largely to ’its low 
palatability. Improvement programs with sericea would be 
strengthened by laiowledge of the of the tannin 

complex, the relationship of tannin to other characters, and 
the inheritance of plant height, maturity, seed size, and 
seed, plant, and flower color. 

REVIEW OE literature" ^ , 

In 1959 Ciarkt*. ei ai. (2) stated: 'Mt is evident that sometimes 
something is present in serkvii in sufficient quantity to 

lower its palatability and interiere with digestion. One constituent 
that fuight he resprnisih!e lor tlie.se objectionable features is tannin, 
sinccyit is distasteful and astringent”. In 1953 Wilkins, ei al. (8) 
obtained preliminary data wliich indicated that tannin content 
affectcsl tile aniount ol sericea forage consumed by sheep. Donnelly 
(3) found from grai?ing stiidies that tannin, in addition to stem 
type, affected the palatability of L. nineata. 

Even though tannin amtent of sericea lespedeza has been found 
to vary with seceral taivironmental factors, sufficient evidence has 
been obtained to indicate that there are inherent differences pres- 
ent. Stitt (6) concluded tiiat enough variation was found in tannin 
Content between sericea clone.s so that selection from different 
seed sources could be very effective in isolating clones lower in 
tannin. Tannin was tound to be positively correlated Avith plant 
height; and in some case.s, negatively correlated with leafiness of 
the plant. Stitts results also indicated inherent differences in plant 
height, number of shoots, leafiness, dry matter, and yield. Stitt and 
Hyland (7) found that tannin was negatively correlated evith pro- 
tein content of the plant. 

MATERIALS AND METHODS 

IKirad mjh rui. — Fi'.e .sericea plants, representing extremes in 
.several characU'rs, were selected in I95j from a large spaced plant- 
ing of different sources of sericea lespedeza. A brief description 
of these plants is given in table 1. 

Cros.xj}}^ c/oio//n-.—Crosses were made without emasculation. 
The method used wa.s described by Hanson (4) who •worked with 
L, siipidjcvj. }‘ii>wers for pt)llen were .selected each morning. The 
young buds selected for cros.sing were I to 6 mm. long and usu- 
ally 1 to 1 days before anthesis. The corolla wais split with a 
dissecting needle and fresh pollen from the other parent dusted 
on the stifiiini and the cross marked with small tags. The cro.s.ses, 

’Contribution from Field Crops Res, Br., A.R.S., U.S.D.A. Part 
of a the.sis submitted to the Idniversity of Maryland, College Piu-k, 
Md., by the senior author in partial fulfillment of the require- 
ments of the Ph.D. degree. Received May 3b 1953. 

“Associate Plant Breeder, Samuel Roberts Noble Foundation, 
Ardmore, Okla., and Research Agronomi.st, Field Crops Re.search 
Branch, A.R.S., U.S.D.A,, respectively. 


number of pollinations, number of seed and the number of Fi 
plants obtained were as follows; 


Crosses 

Number 
of polli- 
nations 

Number 

of 

seed 

i 

Number 
of F 3 
plants 

A-l-lO-14 X 5-38-1 

282 

93 

'35 

B-1-10-20 X 6-30-7-.-- 

278 

58 

16 

C- lA-62 X 5-30-7- 

75 

'14 

5 


Gmiung popuhnwfts. — The crossed .seed of crosses A and B 
were hulled, the seed coat of each punctured with a dissecting 
needle, and placed in soil in the gfeenhou.se on Oct. 26, 1951. 
Because of the late maturity of lA-62, seed of cross C were not 
planted until Nov, 12. At the same time, Si seed (from cleisto- 
gamous flowers) of each of the parent plants were also planted. 
The first group of .seedling plants transplanted to 3 -inch pots 
on Nov. 21 and the second group on Dec. 4. One hundred Si 
plants of each parent w^ere grown along with the Fx plants. Plants 
were placed under an 8-hour day length on Feb. 6, 19.52, in an 
effort to initiate seed production. A month later, seed pods in 
cleistogamous flowers were visible. Relatively few seed w^ere pro- 
duced, resulting in rather small Fa populations. All Fa and Sn seed 
were hafve.sted by June 1, at which time the plants were cut back 
and transplanted to the field for further study. 

Fa and Si! seed from each parent were germinated June 1 and 
planted in individual 2 -inch pots in the greenhouse, Oa June 25 
they w^ere transplanted to the field in 40- inch row>s, spaced 2 feet 
apart and in the row in 5 equal replications. The number of plants 
in each S^i and Fa population was as follow^s: (1—10-14)- — 250, 
(1-10-20)— 200, (5-38-1)— 150, (5-30-7) —2 50, ( lA-62) — 

250, (1-10-14 X 5-38-1)— 167, (1-10-20 x 5-30-7)— 110 and 
(lA-62 X 5-30-7)— 65. 

’Evaluating characters , — Tannin content was estimated for the 
individual plants through the use of paper treated with a 2.5% 
solution of ferric ammonium citrate. By thi.s method, 1 or 2 sericea 
leaves were placed between a folded strip of the treated paper and 
squeezed with a pair of smooth-ja-wed pliers. Plant juice from 
the leaves made a gray to black spot on the paper, the darker 
colored spots indicating low to high tannin content. Highly sig- 
nificant correlations betwx-en this method and the hydrochloric 
acid-formaldehyde and official hide power methods of tannin 
analysis were obtained.*^ 

Plant height was recorded twice in the Fj and Si populations, 
once in the greenhouse and once in the field. The F« and vSa popu- 
lations were measured in the field one time only. 

Flower, seed, and plant colors wa^re evaluated by ratings from 
1 to 5, with 1 being cream flowers, green seed and green plants, 
and 5 being purple flowers, seed and plants. Intermediate num- 
bers refer to intermediate colors in each case. 

Bates, R. P. Studies of inheritance, photoperiodic response, and 
determination of tannin content of Lespedeza cuneata Don. Ph.D. 
the.siSj Umversity of Maryland, 1953. 


Table 1. — Description of five sericea plants used in this study. 
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Plant number Tannin 

height 
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Seed 

Plant 
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mogamous 

'''' i 
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content 

inches 

color 

color 

color 

maturity 

g./lOOO 

seed 

/ i 

1-10-14- - 

. low 


cream 

green 

green 

■ '.date-A/ 

1.18 

7,7 

. V- 

5-38-1--. 

. . , high 

14 

cream 

purple 

green 

early 

1.67 

6.1 


1-10-20.. 

_ _ . . . . low 


cream 

green 

green 

medium 

1.38 

2.6 

A I , ■ 

' 6-30-7-,. 

. .. . _ . .. ... high 

15 

purple 

green 

purple 

late 

1.57 

25.6 

^ £ 

; ■::lA--62:;iA. 

;... high 

15 

cream 

purple 

green 

early 

,1.68 

0.8 
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Maturity ratings were given each plant on Oct. 15, with 1 being 
all immature seed and 5 being all mature seed. Plants having 
immature and mature seed were given intermediate rating. 

Seed size was determined by weighing 300 seed from clei.sto* 
gamous flowers from each plant. Weights were recorded in grams 
per 1,000 seeds. 

Percent seed produced from chasmogamous flowers \vas deter- 
mined by counting the number of chasmogamous seed in a sample 
of 500 seed from each plant. 

Amlys/ng i/f/Zv/.—Hentability w^as calculated with the formula 
presented by Mahmud and Kramer (5). The formula is as follows: 

H — X 100 

where: tr-pP;—- variance of parent 1 
— variance of parent 2 
ixTU — \-ariance of Fa plants. 


Ckaie number for each character in each cross was estimated with 
one of Wright’s formulas wliich was used by Burton (1) in quan- 
titative inlieritunce studies with pearl millet. The tormula is as 


folktWN: 


N ™ 0.25 (0.75 


■■ -- 


■vv he re : I t . •=- vr:* 

y P.-P, 


- h + Ir) D" 
<r"Fi ■ ■ 


Pi rr;mean of small parent 
mean of large parent 
Fi -- mean cjf Fj plants 
Fe:= mean of Fy plants 


In addition to the above calciilations, frequency distributions for 
each character were determined in the respective F 2 populations. 
Bar graph.s were constructed showing percent of plants in each 
class or rating of characters studied in the various crosses. Correla- 
tion coefficients were calculated between pairs of characters studied 
in each cross. 


Table 2. — Heritahility estimated for characters in Lespedeza 
cuneBta. 




(trusses 


Characters 


— ™ 



' . A 

B 

G 

Plant height - 

53.8 

59,8 

. — ^ — 

Tannin content 

43.0 

34.0 


Maturity,.. 

91.2 



89.8 

Flower color . _ 


9:1.0 

91.7 

Plant eolor... 

™ 

91,3 

89. 9 

Seed, size - - .: - 

91,2 , 


■75.3 

% chasmogamous seed- - 


35,1 

36.6 

Table 3.™-Estiinatt*d gene nunibers 

for inheritant'e of 

characters 

in Lespedeza cmieata. 





Grosses 


Characters 




— - — 


■ A . 

B 

C 

Plant height 

. , 34 ■ 

13 


Tannin content 

24 

■ 19 ■ 


Maturity.., 

90 


10 

Flower color. 


IT 

8 

Plant color 


IS 

12 . 

Seed (.n:)lor .. 

■ ■ 1 ■■ 


.1, - 

Seed siz(? C... c.. 

4 



% chasmogamous sei?d 


■102, 

5B ■ ■ ■■ : 


numbers for tannin content %’ith those of other characters 
is given in tables 2 and 3, respectively. Gene number 
involved in tannin inhetitance was 24 and 19 for crosses 
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RESULTS AND DISCUSSION 

7V/;;?//77 cc?«/e///.“More variation was found in popu- 
lations for tannin content than in the S.,, F.j popiilati{>n.s. 
Tannin content of majority of plants in and popii- 
latitins rangecl betw'een that itr and populations of 
respective parents. Of 167 F.^ plants from cross Ay 7, 51, 
94, and 15 were scored 5, 6, 7, and 8 respectively; while 
in cross B with 110 jdants in the 6, 29, 60, and 15 
were .scored 5, 6, 7, atid 8, respectively. Parental S., means 
were 5.5 and 8 for cross A, and 6 and S for cross B. 

Kvaluation.s for tannin content were made just before 
the plants began flowering. The same type of tannin rat- 
ingwvas made on 700 sericea plants in seedling stage (6 to 
8 inches tall), pre-flowering stage, and flowering stage. 
Simple correlation coefticients between pairs of these stage 
were ail significant at the 0.05 level, indicating that rela- 
tive tannin content of different plants is about the same 
at different stages of growth. Tannin content of a given 
plant was found to increase to about mid-season and then 
decrease again. Observations indicate that tannin content 
of some plants increases more during the season than that 
of others. In most cases tannin content was lower in plants 
that were stunted and growing very slowly. This was espe- 
cially true in seedling plants. In general, young leaves 
were a little higher in tannin than were older leaves of the 
same plant Terminal buds appeared to contain more tannin 
than any other part of the plant, 

. Estimated heritability of tannin content as determined 
2.; from the Fg population was 43 and 34% for crosses A and 
: B, respectively. A comparison of heritabilities and gene 



A and B, respectively. Tannin content of plants in F. 
populations was positively correlated with seed color iol- 
iowing cross A, hut was not signilkantly correlated with 
any of other character*^. Table 4 gi^'es correlation coeffi- 
cients between pairs of die various characters studies in 
L. This work leave.s no dembt that plants can be 

selected which are Iowct in tannin content than average 
tannin conl;enl of commercial seed stocks, h was also Indi- 
cated that this character can be transterrid by hybridiza- 
tion, and that (flants of varying tannin content can be 
selected fmm segregating populations folltoving the cro.ss. 
It was apparent that Inheritance of tannin uinteni is conv 
plex and that genetic factors, in some cases, do not account 
for as much variation as environmental factors. Genetic 
factors controlling tannin content dt^ not appear to be 
strcuigly linked with tho.se ctmtnflling other characters 
studied. A few plants were recovered in If, populations that 
aj^peared to have a tannin content below that of the lower 
parent. This indicated that hybridization of two pkints rela- 
tively low in tannin might yield new genetic combinations 
in segregating generations that are slill lower in tannin 
content. 

P/a/U height . — la F. populations, segregates were recov- 
ered which appeared identical to each parent iinaihed in 
the cross, Mo.st progen ic.s, however, were intermediate in 
growth habit and plant height. In cross A, seedling F^ 
plants appeared to be identical to seedling plants from 
the male parent, but the same Ig plants when mature were 
similar to mature plants from the female parent. 
In this cross, plants segregated for plant height in both 
;‘4he ;:seedling,4n3vffi4ture: stages 
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BA lliS AND HENSON: STUDIES OF INHERITANCE IN LESPEDEZA CUNEATA DON 


Estimated hefitability for plant height in crosses A and 
B was 53.8 and 59.8, respectively. Estimated number of 
genes involved in inheritance of plant was 34 in cross A, 
and 13 in cross B. In cross C, plant height was negatively 
correlated with maturity and seed size; liowwer, the differ- 
ence in plant height between these two parents was small 
Evidence of hybrid vigor was present in one cross but 
not in the other. In both populations, plants were recov- 
ered which did not resemble either parent. This study indi- 
cated that such characters as large leaves, increased leafiness, 
and fine stems can be combined to give a more desirable 
plant type. By a backcross program, plant height and plant 
type can probably be combined with any other characters 
studied. The only evidence of linkage was with maturity 
and seed size in cross G. 


Maf//rHy , — Heritability values of 91.2 and 89.8 were 
obtained iTn' rmturity in crosses A and C, respectively. 
Number of genes involved was estimated to be 22 in cross 
A, and 10 in cross C. Maturity was positively correlated 
with seed color and seed size in both crosses, and nega- 
tively correlated with plant height in cross C. No correla- 
tion was shown with the other characters. Neither of the 
segregating populations showed a normal distribution. Late 
transplanting to the field probably explains why E., distri- 
butions were skewed toward late maturity. Even though 
inheritance of maturity appears rather complex, it appears 
that maturity date can be transferred in L. cmieata. The 


only characters closely related to maturity w^ere seed size 
and seed color. These relationships probably existed because 
many seeds on late plants were immature at the first frost. 

Flower color— heritability value for flower color 
was 93.0 for cross B and 91-7 for cross C. Number of 
genes was estimated to be 11 for cross B, and 8 for cross 
C. Flower color was highly correlated with plant color 
in both crosses. Plants with purple flowers usually devel- 
oped a purple color in their leaves and stems during periods 
of low temperature. A positive correlation existed between 
flower color and any of the other characters. Distributions 
for flower color in F^ populations were much like those for 
maturity. Flower color does not appear to be affected by 
planting at flowering time, so the skewness of these distri- 
butions is probably not due to late transplanting to the 
field. From F^ distributions, the greater frequency of cream 
flowers might appear to be due to dominance, but all F, 
plants had purple flowers, indicating that purple is domi- 
nant, Flower color was strongly associated with plant color, 
and independent transfer of this character wdthout plant 
color would probably require large populations in genera- 
tions following crosses. 

Plant color , — -This character refers to a purple pigment 
formed in leaves and stems of plants late in the season as 
a result of low temperature. Evidently this color is not 
initiated by short day length since there was no indication 
of such in photoperiodic studies with sericea lespedeza. 


Table 4.--Cof relation coeiiidents between several pairs of characters in Fa populations of Lespedeza cuneata.f 


Character.^ 


Tannin content and maturity 

Tannin content and flower color 

Tannin content and plant color . . , . 

Tannin content and seed size„ 

Tannin content and seed color . . 

Tannin content and % chasmojjjamous seed.. 
Tannin content and plant heirjht 

Plant height and maturity. . 

Plant height and liower color 
Plant height aiul plant color 

Plant height and seed size 

Plant height and seed color „ 

Plant height and % chasmogainous seed 

Maturity and ilower color . . . , 

Maturity and plant color . - . 

Maturity and seed color . _ . . . 

Maturity and seed size 

Maturity and % chasmogamous seed . 


F'lower color and plant color 

Flower color and seed color. 

Flower color and seed size — 

Flow^er color and % chasmogamous seed.. 

Plant color and seed color - ~ 

Plant color and seed size ~~ 

Plant color and % chasmogamous seed..... 

Seed color and seed size - ^ 

Seed color and % chasmogamous seed...... 

Seed size and chasmogamous seed . .. 




Crosses 



A 

B 

C 


0.147 


0.250 



0.044 

.112 



.082 

.107 


,001 


.138 




.098 


,113 

.053 



,037 

-0.028 



.006 


-0.302=^ 



-0.090 

- .243 



.002 

- .014 


.035 


- .292* . 


-0.018 


- .118 

. ... _ j 


.077 

. 

- .113 




.031 


■ ■ 


-0.229 



1 ' ' ■ » 

1 ' .485** 


■ ■ ■ .253*=*^ ■■! 


.342* 

.-i 

.072 


.190 



.769'*^* 

.638** 


■ . 


,184 



.041 

.184 



.009 

.050 




,059 




-0.212 



.091 

.296* 




.226 


-0.042 


-0.219 

■■v.; 

-0.017 


.152 


t Degrees of freedom varied slightly from character to character, but in geiieraj they were 165, 108, and 63 for crosses A, B, and C, resp. 
* Significant at the 5% level. 

** Highly significant at the level 
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Purple color also appeared in plants carrying this character 
if they Avere transplanted to the field early in the season. 
Plant color was found to be controlled to the extent of 
91.3% in cross B and 89. 9%* in cross C by heritable factors. 
Number of genes controlling this character were estimated 
to be 16 for cross B, and 12 for cross C. Plant color was 
positively correlated with flower color in both crosses, and 
with percent chasmogamous seed in cross G. It is possible 
that in regions where serkea lespedeza is better adapted, 
this character might never become evident. This color was 
not correlated with tannin content or growth type, and 
probably would never have importance in sericea lespedeza 
breeding, with the possible exception of being used as a 
varietal marker. 

Seed color , — -In Sj^ populations of purple-seed parents, 
all seed was purple; but in populations of the same 
[parents, some green seed was present. Green seed from 

plants appeared to be a result of immaturity, since S. 
plants produced seed late in the season and some ol the 
seed was a little immature at first fro.st. When seeds 
from a single plant were separated into immature seed, 
partly mature seed, and well matured seed before being 
hulled, it was found that immature seed was green, partly 
mature seed had a purple cast, and well matured seed was 
solid purple. Some Ik, plants showed the same sort of segr 
regation, while some plants had all green seed regardless 
of maturity. The number of 1% plants in cross A with 
purple mature seed was 102 to 47 plants wHh all green 
seed. In cross C the numbers were 38 purple and 10 green. 
Heritability for seed color wuis not calculated since the 
effect of maturity waas so pronounced. Number of plants 
with some purple seed w\as roughly three times the number 
with all green seed. If the assumption is correct that plants 
with some purple seed carried the genotype for purple 
seed, then this character appears to be controlled by a single 
pair of genes. In addition to maturity, seed color w^as posi- 
tively correlated with tannin content in cross A, and flower 
color in cross C In some L. aaieaku are also present 
which have purple-speckled seed coats. In S,, S.,, F.j, and 
bk populations, no speckled seed were foun d, indicatin g 
that perhaps this is controlled by another entirely different 
set of genetic factors. Due to lack of time and unimportance 
of the character, its inheritance was not studied further. The 
solid purple color might be desirable as a varietal luarker. 

Seed she. Seed size was expressed as gram weight of 
1,000 seeds from cleistogamous flowers. There w^as a great 
difference in seed size between parents of cross A, but 
very little difference between parents of cross C. Heritability 
values of 91.2 and 75.3 were obtained for crosses A and 
C, respectively. Estimated gene number in cross A was 4 
Number of genes involved in cross C was not calculated 
since the difference between parents was very small. In 
both crosses, seed size was positively correlated with iiiatu- 
rity, and in cross C it was negatively correlated with plant 
height. There was no correlation between seed size and 
the other characters. Seed size is considered a rather impor- 
tant character from the point of view that increased seed 
size results in increased seedling vigor. This has been indi- 
cated with sericea seedlings in the greenhouse. In general, 
seedling vigor of this species is very poor and establish- 
ment of new seedlings is slow, Often very little use can be 
made of the first year s growth due to the slow rate of 
establishment. This study indicated that seed size is con- 
trolled by a fairly small number of genes, and large seed 
- size could probably be transferred to more desirable lines. 


Percent of seed produced from chasmoganums flowers . — 
F„ plants of crosses B and C produced relatively few seeds 
from chasmogamous flowers. This is probably because at 
the time of seed setting, day length was short and the 
temperature was relatively low. These are two conditions 
which favor seed production from cleistogamous flowers. 
The percent heritability Avas calculated to be 35.1 for cross 
B and 36.6 for cross C, An estimated gene number of 102 
and 58 was involved in the two crosses, respectively. Per- 
cent chasmogamous seed was positively correlated with 
plant color in cross C, but sliOAved no correlation with the 
other characters. In a breeding program seed fmm deis- 
togamous floAvers provide an easy Avay of obtaining selfed 
seed, while if hybridization is necessary a rather high pro- 
portion of chasmogamous flowers is needed. During this 
study, day length and temperature was found to affect this 
character greatly. This study also indicatcfs that the propor- 
tion of chasmogamous and cleistogamous flowers is inher- 
ited, but the inheritance is apparently very complex. The 
heritable portion o I this character comprised only about 
one-third of its total Aeiriation. 


SUMMART 

Three crosses were made between individual plants of 
Lespedeza cuneata. Parents were selected so that informa- 
tion could be obtained on the inheritance of eight charac- 
ters in two different crosses. Characters studied were tannin 
content, plant height, maturity, flower color, plant and seed 
color, seed size, aiul percent chasmoganituis seed. 

Heritability and gene number estimates were made for 
each character in the tAAai crosses. Correlation coefficients 
were calculated between pairs of characters. Approximately 
40% of the variation in tannin content in populations 
was accounted for by heritable factors. An estimated 20 to 
25 gene pairs were involved in tannin inheritance. The 
only evidence of linkage inAxflving tannin content occurred 
in one cross where seed color and tannin content Avere 
found to be associated. About 55 to 604' of variation in 
plant height in F.. geiierations vvas inherited. Plant height 
of mature plants was controlled by about 34 gene pairs in 
cross A, Avhile cross B im-olved about 1 3 pairs. In cross C, 
plant height was negatively correlated witli maturity and 
seed size. Heritability of maturity in Fk pi^pulations vvas 
about 90%u Estimated gene number in cross A was 22, 
while in cross C it was only 10. There Avas some evidence 
of association between maturity and seed color and seed 
size. Inheritance of floAver color appeared to involve about 
10 pairs of genes, and about 92% of Aviriation in popu- 
lations was due to genetic factors. FloAver color was strongly 
associated with plant color and showed some association 
with seed color. Herilability of plant color \vas estimated 
to be about 90 %-, while number of gene pairs in vol\'ed 
in inheritance of this character appeared to be 12 to I6. 
Solid purple seed color seemed to be simply inherited. 
No plants were found in the populations with a speckled 
or flecked seed coat. The flecked seed coat is often found 
in L. enneata and since none was FouikI in segregating 
populations, it appears to be controlled by an independent 
set of genetic characters. Seed size appeared to be rather 
simply inherited, with about 4 pairs of genus. Heritability 
values ranged from 75 to 9HV'. The propt^rtion of seed 
from chasmogamous flowers was complex in its inheritance, 
with estimated gene number ranging from 58 to 102. Only 
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about 36 % of variation in this character was due to heri- 
table factors. 
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Officially Graded Hay and Its Chemical Composition ' 


R. C. Wakefield, W. H. Hosterman, R. A. Briggs, G. H. Ahlgren and S. B. Randle*^ 


H ay is graded on the basis of its odor and physical 
appearance. It is assumed that such characteristics are 
as.sociated in \'arying degrees with feed value and chemical 
composition. It is the purpose of this paper to present new 
and more spedfic data on these relationships. 

The important physical characteristics that can readily 
be evaluated have been listed by Pollock and Hosterman 
(6) as foiltavs: (I) .stage of maturity or ripeness when 
cut, (2) percentage of leaves, fjj percentage of natural 
green color, (4) percentage of foreign material, (3) size 
and pliability of stems, and (6) aroma. 

The U, S. hay .standards (8) provide for such an evalua- 
tion of hay. Data on the relationship between graded Hay 
and its feeding value are extremely limited. Feeding trials 
have been conducted in order to determine the value of 
some ofikiaily graded hay. This procedure has been expen- 
sive, time-consuming, and often inconclusive, the results 
applying only to a few types of hay. 

This paper reports the chemical analyses of official ly 
graded samples of hay collected from numerous farms as 
part of a survey study of the quality of hay produced in 
New Jersey. 


PROCEDURE 


Hay samples were collected from 10 dairy fames in each of 8 
New Jersey counties during the a winter feeding periods 1948-49 
through 1951-52, 'Fhe iruwvs of hay were sampled 5 times dur- 
ing the winter, once each month from Noveniber through Mareh. 
A hale "slice*’ or sample of at least 6 pounds was taken from 
the hay currently being fed to the dairy animals. Samples were 
assembled monthly at the New Jersey Experiment Station for 
official grading. 

After the samples were graded, they were ground and sub- 
sampled for chemical analysis. The anal yse.s consisted of quanti- 
tative determinations of crude protein, crude fat (ether extract), 
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crude fiber, ash, and moisture content. The methods of analyses 
were those of the Association of Official Agricultural Chemists 
(1). The nitrogen-free extract content of each sample was com- 
puted by difference. Ail values other than moisture were adjusted 
to a 10% moisture basis. 


RESULTS AND DISCUSSION 


A total of 1,775 vsamples of hay, representing 16 oifidal 
hay classes, were collected from New Jersey farms. The 
important hay species in the various mixtures were alfalfa, 
red clover, and timothy. Found in relatively small amounts 
were alsike clover, ladino clover, bromegrass, orchardgrass, 
ryegrass, bluegrass, reed canarygrass, red top, and several 
weedy-type grasses. Over 60 types of weeds and other for- 
eign material were identified. 

On the basis of average legume content, 9 hay classes 
were predominantly legume and 7 classes predominantly 
grass (See table 1.) 

The data in tables 1 and 2 give evidence that as the 
legume content of the hay decreased, the content of crude 
protein and ash decreased and crude fiber and NFE in- 
creased. This is in substantial agreement with other investi- 
gations (7, 10) in regard to the naturally higher protein 
and mineral content and lower carbohydrate content of 
iegumes compared with grasses when cut at the hay stage. 

There were exceptions to these trends in this study 
that are worthy of note. Classes containing relatively large 
amounts of red clover (Clover Hay and Clover Timothy 
Mixed Hay) were significantly lower in crude protein and 
somewhat lower in crude fiber than alfalfa and alfalfa 
mixed hay classes of similar legume content. 

Also, the data show that Alfalfa Light Grass Mixed 
Hay iind also Alfalfa Heavy Grass Mixed Hay were not 
significantiy lower in crude protein than alfalfa hay. The 
grass component of both classes consisted to a large degree 
of immature bromegrass, crabgrass, or timothy. The pres- 
ence of the immature grass in the mixture undoubtedly 
increased the crude protein content of the hay and at the' 
same time reduced the percentage of crude fiber. 

Evidence that the requirements for the class ‘alfalfa hay” 
are overly strict is suggested by these data. Additional data 
from feeding trials support this observation. Gordon, et d: 
(4) found that feeding dairy heifers Alfalfa Light Grass 
Mixed Flay gave greater gains than Alfalfa Hay of the 
same grade. The average chemical composition of each 
class is presented in table 2. 
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Table U— Range and average legume content f 
16 hay classes. New Jersey hay quality sur\ey 


(Predominantly legumes) 

Alfalfa Hay - ~ : - — - 

Alfalfa Clover Mixed Hay 

Clover Hay - - - - - — Vr ' “ 

Alfalfa Light Grass Mixed Hay . 
Alfalfa Light Timothy Mixed 

Hay------ 

Clover Timothy Mixed Hay - - 
Alfalfa Heavy Grass Mixed Hay 
Mixed Hay.. - . - - - . - - - - - - ; - - - 
Alfalfa Heavy Timothy Mixed 
Hay„ 

(Predominantly grass) 
Timothy Heavy Clover Mixed 

Hay-‘,:...--- - : 

Timothy Light Alfalfa Mixed 

■ Hay - - : ' - - ' - ; , - 

Timothy Light Clover Mixed 

Hay.. - ' 

Grass Hay .-~- 

Timothy Hay . _ ■ • 

Timothy Light Grass Mixed Hay 
Timothy Heavy Grass Mixed 

Hay A---: - -v-. - 



Legume 

content 

Samples 

Range 

Average 

Number 

% 


446 

95-100 

99 

22 

90-100 

95 

76 

80-100 

88 

130 

80-94 

85 

68 

70-94 

79 

72 

95 

51-79 

65 

40-79 

60 

165 

10-95 

55 

56 

31-69 

54 

69 

31-50 

4.2 

86 

11-30 

' 25 

69 

11-30 

24 

83 

0-39 

13 

236 

0-10 

3 

33 

0 40 

■ ,3 

30 

0-10 

2 


It would seem: desirable that several hay class require- preSenr^Howev 

ments be revised in order to modify situations such as those ^ ^ simiificintlv lower than .sai 

shown above. A large number of hay c asses encoun- v^erc ; 

tered in this survey of New Jersey made Jiay. Sixteen peren- hber urtlier the pereu 

niaf type hay classes and six classes of annual hays weie ^ • • .cH 

identiled A^ revision of class limits to reduce the number pre^tnn; ether extract, and ash _ 
5 closes or of hay described in the U. S. Stand- nre chemical composition oi 

„d, «ouid serve !o simplify the system .„d eecov.rv.se „s 

wider: use. . . 

TaWe 2.— Average cluMiiical composition of 16 hiu classes (90G dry matter). 


A review of the various classes reveals that alfalfa mix- 
tures with grass and with timothy arc repetitious in terms 
of feed value. Both light and heavy mixtures of timothy 
(and grass) with alfalfa are provided for, and, in addition, 
a timothy liuht alfalfa mixed hay class is described, hour 
grass mixtures (timothy, grass, timothy light gra^s, and 
timothy heavy grass mixed hay ) are used, llie class Mixed 
Hay,” 2 catchall for hays not otherwise delined in the 
standards, varied greatly in legume content (11 to l()0(r ) 
and, consequentlyr in chemical composition. 

As a basis for possible revision oi class limits, the rela- 
tive importance of various mixtures, together with a con- 
sideration of their chemical composition or feeding value, 
would seem to be important criteria. 

Classes of hay were grouped according to respective 
grades in this study, and a coniparison was made of the 
average chemical composition for each grade in f / J pre- 
dominantly legume hay classes and (2) predominantly 
grass hay* classes. Considering hay classes that axeraged 
over 30% legumes (see table 3), the IJ, S. No. 1 hay 
wxis significantly higher than IJ. S. No, 2 hay in crtide 
protein and ether extract, and signilic,intiy higher than 
IJ S No 3 hay in ash and nitrogen -tree extract. The per- 
centage of "crude fiber in U. S. No. 1 hay was lower than 
U. s' No. 2 w'hich, in turn, was Unver than U. S. No, 3 
hay. Ditferences between IJ. S. No.: 2' and 'Ho. .3 hay were 
simll except in the afore-mentioned case oi crude fiber 
and in the case oi nitrogen-tree extiaci witcre the content 
of U, S. No. 3 hay was'significantly kwer. 

In hay classes averaging less than leginnes, small 

differences were present. However, the numerical guides 
were significantly- lower than sample grade hay in crude 
fiber. Further, the percentage of nitrogen-free extract w'as 
highest in U. S. No. 1 and No. 2 hay. Differences in crude 
pmtein, ether extract, and ash were not significant. 

The chemical composition oi various grades ol hay 
reflects the general superiority of the higher grades. This 
is partfculariy true for hays having a substantial percentage 


(TiiMnical ^‘oinposiliiui 


Class of hay 


(Predominantly legumes) 

Alfalfa Hay --. - * 

Alfalfa Clover Mixed flay 

Glover Hay-..- - - 

Alfalfa Light Grass Muxed Flay 

Alfalfa Light Timothy Mixed Hay 

Clover Timothy Mixed Hay^ 

Alfalfa Heavy Grass Mixed Hay . - 

Mixed Hay ~ - - - - 

Alfalfa Heavy Timothy Mixed Hay.. 

LSD 0.05 - - - - - 

0.01 .. -- 

(Predominantly grass) 
Timothy Heavy Clover Mixed Hay... 
Timothy Light Alfalfa Mixed Hay. . . - . 
Timothy Light Clover Mixed Hay .. - 

Grass Hay - - 

Timothy Hay.. - - - ■ ■ 

Timothy Light Grass Mixed Hay . 
Timothy Heavy Grass Mixed Hay . - 


Crude ! 

Ether ^ 

■ ..Crude 

■ A'sh ■ 

protein 1 

extract, ... : 

.fiber 

1 

■ ^ff 

. ■ %..■ 



: y 

15.2 .. 

2,0 

■31',s' , 

6.8 

14.8 

,'2.6 ■ 

30.4 

■6.5 

12.6 

■ 2.4 

30.2 

6,6' 

14.9 

' '2.4 ,' 

31 .0 

6,8 

13.7 

'2,2 

32.6 

■ . 6.6 

10.7 

' ' TI 

32.1 

1 , 5-.7 

14.2 

2.3 

30.6 

6.9 

11.2 

2.0 

32.1 

; 64 

11.2 

■4 24. ' 

33.0 

I' 5.9 

1.1 

N.S. 

^ 1.7' ■ 

]■ ,■ 'O' .5: 

1 .5 



I : ■ O.T 

9.3 


^ .-32.6 4 " 

I ." ■ : 5:.'6' 

8.8 


35'. . 7 :,: u-.' 

1 5.4 

8,3 


: '33.8 ■' , 4 .. 

■■! ■ : ■ - 5 . -U. 

9.6 



( '■■^■c,:; 6.3 

6.3 

■::'4:2.v0^'^:;. 


1"-- 4c9 

7.0 

-:'4^:2'vU 

' .4 .■ ■'34,6 

1 C.4:.':5..2 

6.8 



6.2 

14 


4: 


1.5 

N.S. 

, c4 4 

N.S. 


Nitro- 

extract 
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T*ibie 3.““Aver;ige composition of the several grades 

from 16 classes of hay (96% dry matter). 


1 

Grade. i 

! 

Crude 

protein 

Kther 
e.x tract 

Crude 

fiber 

Ash 

Nitro- 

gen-free 

extract 


% ! % 1 % 1 % 1 
t Predomimintly legume classes) 

% 

U. S, No. 1 

14.1 

2.6 

28.8 

6.5 

38.0 

U, S. No. 

12.8 

2.2 

Sl.l 

6.3 

37.6 

U. S. No, 8 ,. . 

12.6 

o’v? : 

33.8 

6.1 

35.3 

Sample 

IS.l 

i;5 

32.5 

6.8 

35.6 

LSD 0.05 . ' 

0.7 

0.8 

1.1 

0.4 

0.8 

0.01 

K.S.' ! N.S. 

i Predominantly y 

1.5 

a'ass class 

0.5 

es) 

1 1.0 

IL S. No. 1 

t . 8 

2.2 

33.4 

5.2 

41.4 

U. S. No. 2 

7.9 

SIS 

33.6 

■ 5.2 

41.3 

If. S, No. 8 

■ 8.1 

■ 2.0 

33,8 

5.6 

40.5 

Sample 

8.8 

2.0 

35.6 

5,7 

38.4 

LSD 0.05 

N.S. ' 

'■ N.S. 

1.3 

N.S. 

0.8 

0,01 

N.S. 



; N.S. 

1.8 

N.S. 

1.1 


of legumes. As previously shown, a higher protein and 
jninera! content along with a lower crude fiber content 
characterized the legume hay classes. The U. S. Standards 
for grading further differentiated the hays for the above 
chemical feed constituents. Hay classes low^ in legume con- 
tent were .shown to be high in nitrogen-free extract, a valu- 
able energy source. The grades of low legume classes, 
although failing to differentiate hays affectively for most 
nutrient determinations, did further distinguish hays high 
in nitrogen- free extract. 

The chemical composition of Sample grade hay often 
compared favorably with higher grades in crude protein 
and mineral content but was generally low in ether extract, 
nitrogen-free extract and higher in fiber. The musty and 
moldy condition or the contamination usually characterizing 
Sample grade hay makes it undesirable for animal feeding. 
Presence^ of numiness or mold automatically results in a 
hay being assigned the ''Sample” grade. The presence of 
excess amounts of foreign material reduces the grade regard- 
less of other characteristics of the hay. 

The results of this study are in substantial agreement 
with findings of actual feeding trials in which high grade 
hay was found to be superior to the lower grades (.3, 4, 
;3,.6,.11). . ■ ■ 

As pointed out by Archibald (2) feeding trials are 

the most reliable means of determining the nutritive value 
of hays. However, the time and expense iiivolved in evalu- 
ating hays by this method make it imperative that some 
rapid index of hay quality be developed. 

As shown by this stud}^ the U. S, Hay Standards can 
be used to obtain a good indication of the chemical compo- 
sition or the feed value of hay. Individually the factors of 
grading are often subjected to criticism. However, when 
considered together, the color, leafiness, foreign material 
content, condition as to soundness, and stage of matu- 
rity of hay will provide a rapid indication of the quality 
of a lot of hay. As suggested by Gordon (3), a point 
system, placing varying emphasis on the above factors, may 
strengthen the standards. 


SUMMARY 


Hay samples were collected from 10 dairy farms in 
each of 8 New Jersey counties over 4 winter feeding periods 
as part of an overall hay survey and hay quality study. 
Samples were officially graded and analyzed chemically for 
feeding constituents. The relationship betw^een the grades 
of hay and their chemical composition was studied. 

A total of 1,773 hay samples was tabulated under 16 
official hay classes. The average chemical composition of 
various classes was shown to vary widely. Decrease in leg- 
ume content of classes resulted in a general decrease in 
crude protein and ash, and an increase in crude fiber and 


nitrogen -free extract. 


For predominantly legume hay classes, U. S. No. 1 hay 
was generally superior to U. S. No. 2 and/or U. S. No, 3 
hay in crude protein, ether extract, ash, and nitrogen-free 
extract, and lower in crude fiber content. In predominantly 
grass hay classes, differences between numerical grades 
were limited to a higher nitrogen-free extract content of 
U. S. No. 1 and U. S. No. 2 hays. 

Sample Grade hay for all classes often compared favor- 
ably with higher grades in crude protein and ash content 
but was generally low in ether extract and nitrogen-free 
extract, and high in crude fiber. 

The U. S. Hay Standards can be used for obtaining good 
indication of the chemical composition or feed value of 
hay. Some classes of hay, however, were found to overlap 
in terms of feed value based on chemical composition. The 


need for re-defining of classes is thus indicated. 
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RESULTS AND DISCUSSION 

Forase yklM.^Fomgc yields, by cutting.s for 2 harvest 
years are presented in tables T and 2, livthe first harvest 
vent 1952-53, there were no significant differences between 
varieties for total season yield at the 5% level of proba- 
bility although yields ranged trom 37.31 to 46 70 tims 
of green alfalfa per acre. In the second year, 195.-.-54 
thcTe were significant differences between varieties tor total 
season yield. 

Ap vsco and Valendana \^'ere the two hi^uhest yielding 
varieties in both years. In the seeond year ihese two vari- 
eties produced sigiiiHcantiy more forage than the wmict- 
hardy varieties----4^ and Kansas C 

noiidiardy varieties Amona ( hilean, I lai ry ^Pei iiviaii, 
African, and Southwest C(>nimon. Ranger afu! Kansas Conv 
mon yielded more than Amond (iiilean. ilairy Peruvian, 
African, 'and' Southwest Common in the second year 
■ ai though these differences were not signilkant ,at the 5^;;4:v 
level of prohabihty. 

The analyses of variance revealed Jhat the interaction of 
varieties X a.aits was highly significant tor both harvest 
years. This, mdicaied that -the varieties .periomed differ- 
ently at the different cuts. Figure 1 graphically illustrates 
the seasonal distribution' of forage product. it.>n ot soraetep- 
resentative varieties during the second leirvest year. There 
was a general tendency for production ot all varieties to 
decline" during the evinter, primarily because oi cool teov 
peratures. Ranger and Kansas Common were iiormant diir- 
Ing Avinter and therefore produced eery little iorage dur- 
ing this time of the year, ConscijUently no i UtUn^ evas .made 


3.00 



wv* Nov. Dec. Feb AprH duly Aug. 

C' 'c:' >':\^c0«timgsv'dyrmt''::sec6nd.''h^ 

Fig. 1.— Seasonal distribution of forage production of selected 
alfalfa /'•varieties .at 'CbapingOy' Mexico j'/l 95?^ ::,/;C;.T' 
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of these varieties in December 1953, In contrast, the 
non-hardy varieties were productive during winter ’it is 
interesting to note that the winter-hardy varieties outyielded 
many of the non-hardy \arietie$ spring and suninier. 
These winter-hardy varieties appeared to be very vigorous 
in spring in comparison to many of the non-hardy varieties, 
which appeared to be in a weakened condition. Winter 
production is very important in the Valley of Mexico 
because there is a genera! shortage of forage at this time 
of the year. For this reason winter-hardy varieties are not 
being recommended at the present time for the Valley of 
Mexico, although they have good spring and summer pro- 
duction and excellent persistence of st:md. 

Plant md grou^th cimracteristics —As can be seen in 
table 3, the 1 1 varieties included in this test were classi- 
fied into 3 gnaif'is based primarily on maturity, recovery 
after cutting, and winter habit. When cutting was delayed, 
the non-hartiy alfalfas exhibited about 8(y;^ lowering, 


the hardy types about 31%, and the intermediate types 
about 42%. 


Recovery after cutting was most rapid for the non-hardy 
alfalfas, although during spring and summer there was 
not much difference between any of the varieties. During 
the winter, frosts commonly caused top injury to the non- 
hardy alfalfas. The winter-hardy varieties, because of their 
dormant tendencies, remained short and green throughout 
the winter. 


During the rainy season most of the alfalfa grown in 
the Valley of Mexico is severely infected with leaf spot 
caused by Pseudopeziza 7 ??edkagims (Lib.) Sacc. and downy 
mildew caused by Peroriospora trifoliomm D.By. As the 
plant matures, infection gets progressively worse until many 
of the leaves begin to fall, resulting in low quality forage. 
The severity of these leaf diseases has led the farmers to 
cut their alfalfa frequently and in a very immature stage 


T.ihk> L — Forage yield of alfalfa varieties during first harvest year (1952-53) at Chapingo, Mexico 


ui'si Harvest year 

(expressed in tons of green matter per acre). 


Variety 


Average yield per cutting 


Sept. 10, 
1952 


Feb. 10, 
1953 


3 

Apr. 1, 
1953 


4 

May 15, 
1953 


June 26, 
1963 


6 

Aug. 12, 
1953 


Total 
i season 
I production 


Apaseo 
Valenciana 
California Ch)mmi>n 
African.,, . . . 

Calivenie 

Arizona Chilean 

Oaxaca 

Hairy Peruvian 
Kansas Common 
Southwest Common 

Ranger.. 

Average„ „ 

F values for varieties . 


Significant at li'vci. 
'"'Significant at level. 


Table 2- 


-Forage yield of alfalfa varieties during second harvest year (1953-54) at Chapingo, Mexico 
(expressed in tons of hay per acre — 12% moisture). 


Variety 


Apaseo . . . . 

Valenciana 

Caliverde 

Oaxaca 

California Common . , - 

Ranger. 

Arizona Chilean 

Kansas Common 

Hairy Peruvian 

African 

Southwest Common .. , .. 

Average 

P values for varieties.. 






Average yield per cutting 

i i 1 




Total 

1 

2 

3 

4 

5 

6 

7 

8 

season 

Oct, 2, 

Nov. 12, 

Dec. 24, 

Feb. 25, 

Apr. 20, 

May 27, 

July 12, 

Aug, 28, 

production 

1953 

1958 

1953 

1954 

1954 

1954 

1954 

1954 


2.08 

1.74 

0.94 

1.70 

1,95 

2.12 

1.87 

1.77 

14.18 

2.07 

1.69 

0.91 

1.68 

1.86 

2.16 

1.89 

1,83 

14.10 

2,25 

1.61 

0.59 

1.62 

1.83 

1.88 

1.92 

1.90 

13.60 

2.07 

1.73 

0.79 

1.67 

1.73 

2,03 

1.83 

1.65 

13.51 

1.86 

1.64 

0.86 

1.71 

1.82 

1.97 

1.87 

1.54 

13.27 

2.08 

1.43 

not cut 

1.09 

2.09 

2.37 

2.05 

1.85 

12.97 ‘ 

1.77 

1.66 

0.83 

1.64 

1.75 

1.94 

1.70 

T.50 

12.79 

1,94 

1,47 

not cut 

1.13 

2.07 

2.32 

1.86 

1.87 

12.66 

1.60 

1.54 

0.87 

1.74 

1.69 

1.85 

1.70 

1.47 

12.46 

1.79 

1.51 

0.89 

1.43 

1.61 

1.89 

1.69 

1.54 

12.35 

1 60 

1.60 

0.88 

1.46 

1.71 

1.84 

1.56 

1.48 

12.13 

1.92 

17.61** 

1.60 

0.84 

1.53 

1.83 

2.03 

1.81 

1.67 

13.09 

4.92** 

6.58** 

2.44* 

3,91** 

1.97 

3.46** 

4,75** 

5.44** 


* Signifitant at S% level. 
** Significant at 1% level. 
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Table 3. — Plant and growth characteristics of alfalfa varieties at Chapingo, Mexico. 


Variety 

Stand 

.survival* 

Height 

fcm.) 

Disease! 

Maturity 

Recovery 

after 

cutting 

Winter 

habit 

Resistance 
to frost 

Apaseo~_- 

1430 

65.00 

8.00 

Early 

Rapid 

Active 

No 

Oaxaca, _ , 

1037 

72.13 

8.50 

Early 

Rapid 

Active 

No 

Hairy Peruvian 

949 

75.25 

9.25 

Early 

Rapid 

Active 

No 

African..,, 

869 

74.63 

8.50 

Early 

Rapid 

Active 

No 

Arizona Chilean _ 

1044 

75.25 

7.50 

Early 

Rapid 

Active 

No 

California Common...^ 

1067 

75,63 

8.25 

Early 

Rapid 

Active 

No 

Southwest Common . . .. _ 

952 

69.75 

9.25 

Early 

Rapid 

Active 

No ^ 

\ 

Valenciana : _ j 

1538 

69.25 

o 

o 

In term, i 

In term. 

Semi- 

dormant 

Average 

Caliverde. 

1743 

70,63 

4.75 

Inter m. 

Interm, 1 

Semi- 

dormant 

1 : 

Average 

Kansas Common - 

1714 

66.75 

8.50 

Late 

Slow 1 

Dormant 

Yes 

Ranger... : 

2183 

1 66,00 

j 

6.75 

laite 

Slow 

Dormant 

i Yes 

F values for varieties . .. . 

25.4:1** 

i 4,39** 

3.20** 


I ' 




' Number of stems per square meter after 2 years, 
t I =“ least susceplible; 10 = most susceptible. 

' Sij^nificant at 1% level. 


of growth. Galiverde has shown the most resistance to 
these diseases. 

The stands of many of the non-hardy alfalfa varieties 
weakened considerably after 2 years. This tendency was 
noted particularly for the varieties Hairy Peruvian, African, 
and Southwest Common. The varieties Oaxaca, Arizona 
Chilean, and California Common also showed signs of 
weakening. The varieties Apaseo, Valenciana, Caliverde, 
Ranger, and Kansas Common have exhibited good per- 
sistence of stand. The two winter-hardy alfalfas showed 
a tendency to develop large crowns, from which arose a 
large number of stems, in contrast to the non-hardy al fal fas 
which develop .small crowns. 

SUMMARY AND CONCLUSIONS 

The comparative behavior of 1 1 a I f a 1 f a v a r i e t i e s o f 
diverse origin and type was cletermined for 2 harvest years 
in the y alley of Mexico at an elevation of about 7,600 
feet above sea level. Of these, two local varieties, Apaseo 
and Oaxaca; a Spanish variety, Valenciana; and two non- 
hardy introduced varieties, African and Hairy Peruvian, 


are commonly grown at the present time in the Valley i)f 
Mexico. 

In the first harvest year, the average season 

total yield was 41.93 b3ns of green all ah a per acre. The 
average season total yield in the scsfaid year, 493 3- 5 4, 
was 13.09 tons of alfalfa hay (12C mtnstiire) per acre. 

Among the varietie.s common!) gnnvn in the Valley of 
Mexico at present, Apaseo, Valenciana, and Oaxaca were 
superior to African and Hairy Peruvian. The winter-hardy 
varieties, Ranger and Kansas Common, were unproductive 
during the winter but highly productive in spring and sum- 
mer, (9f the newly introciucecl varieties, Caliverde appeared 
to be the most outstanding, primarily because of its supe- 
rior resistance to leaf spot and downy mildew. Us total 
annual yield was not significantly better than the local 
varieties. 

The non-hardy alfalfas were early jn.iliiring, ijuick recov- 
ering, winter active, highly susceptible Ic* top injury from 
fro.sts and generally weak in stand persisteiKe. The winter- 
hardy varieties Were late maturing-slow recovering, winter 
dormant, frost resistant, and excellent in sland persistence. 
An intermediate growth type was defined for the varieties 
Caliverde and Valenciana. 



i; 


I 


The Competitive Relationship of Merion Bluegrass as Influenced 
by Various Mixtures, Gutting Heights, and Levels of NitrogenV 

F. V. Juska, J. Tyson, and C. M. Harrison- 


T he increasing emphasis placed on the production of 
line turf for lawns, golf courses, parks, and other recre- 
ational areas has led to many unanswered problems as to 
how such turf could be best established. The advent of 
Merion, a new strain of bluegrass, intensified the problems 
largely because of scarcity and high price of seed. With 
the release of this new turfgrass, information as to seeding 
rate, cutting heights, fertilizer practices, and its reaction ill 
mixtures was necessary to its proper establishment. 

The present investigation was conducted in the green- 
house f I) in an attempt to answer the question as tc^wdiat 
percentage of Merion bluegrass seed is necessary in a seed 
mixture in order to obtain satisfactory establishment of the 
bluegrass, and (2) to study the influence of cutting and 
fcTtili‘/er treatments on the establishment and development 
of Merion bluegrass foliage, roots, and rhizomes. 

REVIEW OF LITERATURE 

Several investigators (4. 3, 6, 8) have shown that an increase 
ill the severity <)f defoliation caused a highly significant decrease 
in the production of roots, rliizomes, and top growth. As early as 
1897. Croi'.ier ( I ) of Micliigan reported that orchardgrass clipped 
7 times during a 43-day period yielded only 29% as much dried 
forage as did coniparable inaterial cut once at the conclusion of 
the experiment, Graber (3) found that the simple expediency of 
setting the lawn mower to cut ’’high” produced a thick turf free 
of weeds in contrast to one which was thin and weedy due to 
close clipping: at the same frequency. 

In stcidies with quackgrass, Johnson and Dexter (7) pointed 
out that the repeated removal of top growth, previously stimu- 
lated with nitrogen, resulted in the plant drawing on its organic 
reserves for new plant growth. This treatment resulted in carbo- 
hydrate starvation and eventual death of the plant. 

In a study of the competitive nature of Kentucky bluegrass, 
Chewing^s feseue, domestic ryegrass and redtop, not subject to cut- 
ting;: treatiiK'nt.s, Erdmann and Harrison (2) compared the growtii 
of iiulivnhlual grasses when sown in mixtures with their growth 
wlien sown alone. Domestic ryegrass inhibited the growth of Ken- 
tucky hi uegrass, C. ‘ hew ings fescue, and redtop. Redtop inhibited the 
.itrowth cif Kentucky hliiegrass and Chewings fescue but not to 
the same extent as did domestic ryegrass. 

Morrish and Harrison (ID) in a study on wear resistance of 
various grasses and grass legume mixtures found that domestic 
ryegrass had completely disappeared in a mixture of Kentucky 
bluegrass, reti top. and Chewings fescue after 2 to 3 years, 

EXPERIMENTAL PROCEDURE 

Merion bfuegrass, a strain of Kentucky bluegrass (Poa prafeusjs), 
creepin^i> red fescue (Fesiuca ruhra var. ger^uimt), redtop (Agr/jsth 
Alha), and dame.stic ryegrasses (Lalium multipmm and L. perentie) 
in pure species and various mixtures were used for this experi- 
ment conducted at Michigan State University. 

T1ie seedings xvere made in the greenhouse in quartz .sand in 
U.)-inch clay pots at the rate of 1 pound per 1,000 square feet 
an Nov. 17, 1933. In order to insure a uniform distribution, the 
Seed was mixed with a small amount of sand before sowing. The 


^ Contribution from the Departments of Soil Science and Farm 
Crops, Michigan Agr, Exp. Sta., East Lansing, Mich, Journal 
Article Nt). 1 7H6, the Michigan Agr. Exp. Sta. Part of a thesis sub- 
mitted by the senior author at Michigan State LTniversity in partial 
fulfillment of the requirements for the Ph.D. degree. Received 
June 24, 1953. 

^ Research Agronomist, LhS.D.A., Beltsvilie, Md., and Profes- 
sors of Soil Science and Farm Crops, respectively. 


cultures consisted of the 4 species sown alone and 16 different 
mixtures. 

Twenty cultures, 1 each of the 4 species and 1 6 mixtures were put 
together as a group. Five such groups were set up and one group 
each received one of the following management treatments: (a) 
three-quarters inch cutting, high nitrogen; (h) three-quarters inch 
cutting, low nitrogen; (c) 2 inch cutting, high nitrogen; (d) 
2 inch cutting, low nitrogen; and (e) no cutting with medium 
fertility. A randomized split plot design with three replications 
was used. This made a total of 300 cultures. 

Stand counts were made on Jan. 8 and Feb. 10 respectively 
on 2 group.s of 20 cultures each receiving the "no cutting” treat- 
ment (table 1). The number of plants of each species was deter- 
mined by separation and counting a portion of the culture. 

The cultures were watered as needed and, after emergence, sup- 
plied with a three-salt nutrient solution. The amount of nutrient 
solution per culture was regulated evith a fair degree of accuracy 
by adjusting the shut-olf valve from the supply tank to a counting 
rate so that the desired number of cubic centimeters of nutrient 
solution could be applied weekly to all cultures. After Feb. 1, 
1954, difi'erential amounts were applied to the cultures receiv- 
ing the high and low nitrogen. Beginning on Dec. 21, 1953, a 
solution of ammonium sulfate wms applied from time to time to 
the cultures receiving high nitrogen in amounts varying from 50 
to 250 pounds of ammonium sulfate per acre. 

The sand in which the cultures were growing was occasionally 
flushed with water to prevent excessive accumulation of salts. 

An attempt was made to keep the cultures receiving low nitro- 
gen within a range of 1 to 0 ppm. and the high nitrogen level 
at 23 or more ppm. of soluble nitrogen as was indicated by the 
Spurway and Lawton (10) green tissue test. Weekly tissue tests 
were taken to maintain the two levels of nitrogen. 

Except for the ”no cutting*’ cultures, defoliation of the grass 
at the designated heights of 2 inches and of three-quarters of an 
inch was initiated on Dec. 12, 1953. 

The top growth of the cultures subjected to cutting treatments 
were hand separated by species at harvest time, March 20~25, as 
they were clipped from the roots. The sand was carefully washed 
away fronv the roots and rhizomes by a stream of water from a 
garden hose nozzle. Washing wars done over a three-sixteenth inch 
mesh wire .screen. Oven-dry weights were recorded for top growth, 
roots, and rhizomes. In order to secure more accurate results, the 
roots were oven-dried and then ashed at 600'* F. in a muffle fur- 
nace. Root weights were obtained by subtracting the weights of 
ash and .sand from the oven-dried weights. 


A stand count of the initial seedling estabiishment was 
made Jan. 8, 1954, on one culture of the four species 
seeded alone and one each of the 16 mixtures. 

The second group of 20 cultures of '‘no cutting ’ treat- 
ment was harvested and stand counts were made on Feb. 
10, 1954. In comparing the stand counts of Merion blue- 
grass for the two dates, it was found that there was an 
increase in the number of plants in some mixtures and a 
decrease in others. The results of the second stand counts 
indicate that redtop, domestic ryegrass, and creeping red 
fescue each exerted a definite depression on the number 
of Merion bluegrass plants established. It became very diffi- 
cult to count individual plants accurately because of tiller- 
ing. Since the amount of tillering and growth from rhizome 
tips would have made counting more difficult with the 
passage of time, the stand-count method was discontinued. 
The tops of the remainder of the cultures were hand sepa- 
rated as to species, and weights were recorded on an oven- 
dry basis. 


EXPERIMENTAL RESULTS 



513 




514 V AGRONOMY JOURNAL 


Table 1.— The influence of three grass species on the stand counts of Merion bluegrass under no cutting treatment 
L harvested Jam B-“9c and Feb. UL 1954 


Mixtures, in percent 


1. Merion bluegrass, 100_„ 

2. Creeping red fescue, 100^ 

3. Redtop, 100- - 

4. Domestic ryegrass, 100 __ 


5. 

6. 

7, 

8. 
0 . 

10 . 

11 . 

12 . 

13. 

14. 

15 . 

16. 

17. 

18. 

19. 

20 . 


Bluegrass, 90; fescue, 10 _ 
Bluegrass, 70; fescue, 30- 
Bluegrass, 50; fescue, 50 _ 
Bluegrass, 30; fescue, 70- 
Bluegrass, 10; fescue, 90- 


Merion 

bluegrass! 


Bluegrass, 90; redtop, 10- . 

Bluegrass, 90; ryegrass, 10 _ . _ . 

Bluegrass, 70; redtop, 30 

Bluegrass, 70; ryegrass, 30- - - . 

Bluegrass, 50; redtop, 50. 

Bluegrass, 50; ryegrass, 50 

Bluegrass, 50; fescue, 30; redtop, 10, ryegrass, 10 . 
Bluegrass, 30; fescue, 30; redtop, 20; ryegrass, 20 . 
Bluegrass, 30; fescue, 50; redtop, 10; ryegrass, 10 . 
Bluegrass, 70; fescue, 10; redtop, 10; ryegrass, 10 . 
Bluegrass, 80; fescue, 10 ; redtop, 5; ryegrass, 5..- 


Stand coimis ,Jan. 8 


332 


292 

176 

204 

160 

52 

280 

312 

288 

284 

264 

132 

144 

152 

144 

208 

320 


Fescue 


164 


12 

56 

84 

152 

138 


42 

72 

72 

32 

48 


Redtop 


1.850 


240 

728 

864 


240 

440 

280 

200 

90 


Eye- 

grass 


68 


20 

20 

8 ' 

8 

8 

14 
, 4 


Stand countvS Feb. 10-11 


Merion 

bluegrassl 


668 


156 

212 

136 

172 

16 

400 

352 

152 

304 

184 

212 

136 

136 

4(1 

344 

424 


Fescue 


132 


24 

40 

76 

92 

124 


24 
' 80 
8 
16 


Redtop 


2,008 


224 
1,008 
1 ,248 


256 

144 

224 

176 

100 


Rye- 

grass 


72 


20 

28 

16 

16 

8 

6 

,4 



with 29.3 g. M!erion hluegrass and creeping i‘ed fescue tops 
weighed about the same, 26,2 and 26.7 g. respectively. 
Redtop in mixture with Merion bluegrass luid the most 
depressing effect on the production of Merion bluegrass 
tops and rhizomes. It will be noted in the cultures which 
contained 50^^ of creeping red fescue, redtop and domestic 
ryegrass, respectively, that creeping red fescue had the 
least depressing effect on Merion bluegrass rhizome yields 
followed by ryegrass and redtop. 


The final weights for tops, roots, and fliizome.s for the 
'no cutting*' treatments are given ia table 2. Some time 
after emergence, the vigorous growth habit of domestic 
ryegrass was apparent as indicated by thick coarse stems 
and broad leaves. Many of the ryegrass culms headed out 
previous to harvest, but this was not the case with the 
other three grasses. The largest weight of top growth was 
produced by domestic ryegrass, 46.1 g,, followed by redtop 


Table 2.— The influence of three grass species on the yields of Merion bluegrass (ops and rbi/.omes under ”no ciKting” treatment 

and harvested on March 25, 1954. 


j Weight, in grams 


Weight of tops, In grams 


Mixtures, in percent 


j Roots 
Ryegras.s i Total 


Merion 

bluegrass Fescue Redtop 


zomes 


1 . Merion bluegrass, 1 00 - - 

2 . Creeping red fescue, 100 „ - - 

3. Redtop, 100 

4. Domestic ryegrass, 100. 

5. Bluegrass, 90; fescue, 10 - „ . . - 

6. Bluegrass, 70; fescue, 30 . - - . . - , 

7 . Bluegrass, 50 ; fescue, 50 . - - 

8. Bluegrass, 30; fescue, 70--- 

9 . Bluegrass, 10; fescue, 90 - „ 

10. Bluegrass, 90; redtop, 10 .. . 

11 . Bluegrass, 90; ryegrass, 10 - - 

12. Bluegrass, 70; redtop, 30 

13. Bluegrass, 70; ryegrass, 30 - . 

14. Bluegrass, 50; redtop, 50 ~ -- - 

15. Bluegrass, 50; ryegrass, 50..- . „ _ 

16. Bluegrass, 60; fescue, 30; redtop, 10; ryegrass, 10 

17. Bluegrass, 30; fescue, 30; redtop, 20; ryegrass, 20 

18. Bluegrass, 30; fescue, 50; redtop, 10; ryegrass, 10 
1$. Bluegrass, 70; fescue, 10; redtop, 10; ryegrass, 10 
20.. Bluegrass, 80; fescue, 10; redtop, 5; ryegrass, 5,,. 


.-L'! ScCi::- 

; ■■■ .' ;:V'' ■■■■■;■■■ v^ - , ■■-■:■; ^ -. ^ ■'V St. 
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Table 3.~-“T he mfluence of mixture, two levels of nitrogen and two heights of cut on the yield of Merion bluegrass rhizomes.*^* 


Mixtures, in percent 


1 . Merion bluegrass, 100 . „ 

2 . Creeping red fescue, 100-- 

3. Redtop, 100- 

4 . Domestic ryegrass, 100 __ 


5. Bluegrass, 90; fescue, 10 _ 

6 . Bluegrass, 70 ; fescue, 30_ 

7. Bluegrass, 50; fescue, 50 _ 
8 , Bluegrass, 30; fescue, 70 

9. Bluegrass, 10 ; fescue, 90 _ 


10 . Bluegrass, 90 ; redtop, 10 , 

1 1 . Bluegrass, 90; ryegrass, 10.. - 

12 . Bluegrass, 7 0 ; redtop, 80 ... _ .. 

13. Bluegrass, 70; ryegrass, 30-. ,■ _ : 

1 4 . Bluegrass, 50 ; redtop, 50 - - _ 

,1 5 . Bluegrass, 50 ; ryegrass, 50 .: .. 

16. Bluegrass, 50; f€»seue, 30; redtop, 10; ryegrass, 10- 

17. Bluegrass, 30; fescue, 30; redtop, 20; ryegrass, 20.. 

18. Bluegrass, 30; fescue, 50; redtop, 10; ryegrass, 10 _ 

19. Bluegrass, 70; fescue, 10; redtop, 10; ryegrass, 10_ 

20. Bluegrass, 80; fescue, 10; redtop, 5; ryegrass, 5 

Averages i' ... \. ...- .. _ .. 


Treatments 


Nitroger 

1— High 

2 in. cut 

U in. 

0.191 

0.005 





.160 

.012 

.173 

.006 

.115 

.025 

.154 

.002 

.055 

.003 

.019 

.000 

.084 

.052 

.022 

.000 

.113 

.002 

.002 

.000 

.081 

.005 

.005 

.000 

.000 

.000 

.028 

.000 

,037 

,000 

,135 

.018 

.081 

.007 


Nitrogen — -Low 
2 in. cut 1 in 


AviTuu<‘ wrji'ht in urann of ilirta^ n‘plicat.it}ns> made on an oven dry basis. 
MKHitirani difference between treatment averages. 


Production of Clippings 

The average production of clippings per culture, regard- 
less of mixture, calculated on an oven-dry basis for the 
13 -week period for high nitrogen, high cutting was 16.0 
g.; high nitrogen, k>w cutting, 9.8 g.; low nitrogen, high 
cutting, 3.5 g.; and low^ nitrogen, low cutting, 3.9 g. 

Both doniestic ryegrass and creeping red fescue yields 
were reduced by close clipping more than were redtop and 
Merion bluegrass. In all cases, the cultures receiving a high 
level of nitrogen and cut at a 2-inch height produced more 
clippings than the cultures under high nitrogen and low 
cutting treatments. Redtop and Merion bluegrass under 
low nitrogen produced more clippings when cut at three- 
quarters of an inch than at 2 inches. Opposite results were 
obtained for domestic ryegrass and creeping red fescue in 
that these grasses yielded a smaller quantity of clippings 
under low nitrogen and low cutting. 

Production of Roots 

The production of total roots was definitely inhibitea 
by low cutting and high nitrogen treatments. The average 
production of roots per culture was as follows: 5.1 g., high 
nitrogen, high cutting; 1.9 g., high nitrogen, low cutting; 
11.5 g., low nitrogen, high cutting and 4.5 g., low nitro- 
gen, low cutting. The cultures receiving a low level of 
nitrogen and high cutting produced the greatest quantity 
of roots. In every case, these cultures produced more roots 
than did the cultures receiving high nitrogen and high 
cutting. Each of the cultures under low nitrogen and low 
cutting produced a greater root weight than those under 
high nitrogen and low cutting treatments. 


Production of Rhi2;omes 

The weights of the bluegrass rhizomes produced under 
the two levels of nitrogen and two heights of cutting are 
given in table 3. Merion bluegrass rhizome production was 
reduced by both the high nitrogen and low cutting treat- 
ments. The low nitrogen and high cutting treatment yielded 
the largest quantity of rhizomes, whereas the rhizome 
yield under high nitrogen and low cutting was practically 
negligible. 

The rhizomes produced by the Merion bluegrass were 
definitely inhibited in the cultures in which the mixtures 
contained 10, 30, and 50% of redtop. 

Production of Top Growth 

The top growth of the 16 mixtures was hand separated 
by species. Oven-dry weights were recorded for all four 
species. The difference in the amount of top growth of 
Merion bluegrass produced for the two levels of nitro- 
gen and two heights of cutting when alone and in mixture 
were highly significant. Table 4 gives the oven-dried 
weights for the Merion bluegrass tops after separation from 
the Other species. 

The response of Merion bluegrass to cutting and no 
cutting treatments and levels of nitrogen is illustrated in 
figure 1. Culture D, which received high nitrogen and 
2-inch cutting, produced a large amount of foliage desir- 
able for turf purposes and also an adequate supply of 
toots and rhizomes to carry the grass through adverse con- 
ditions. On the other hand, culture C receiving the same 
cutting height but a low level of nitrogen produced a much 
larger quantity of roots and rhizomes, but a lack of ade- 
quate top growth for good turf. 


. ... . 



Table 4.“~The influence of mixture, two levels of nitrogen and two cuiting heights on the yield of Merlon hhiegrass top growth 

at the end of the experiment.-** 




Treatments 


Mixtures, in percent 

Nitrogei 

High 

Nitrogen — Low’ 


2 in. cut 

».i in. 

2 in. cut 

H iu. 

1, Merion bluegrass, 100-- . - 

17. 9S 

9.15 

10.67 

5 . 66 

2 . Creeping red fescue, 100 i 





3. Redtop, 100„_ . 





4. Domestic ryegrass, 100 





5 . Bluegrass, 90; fescue, 10 _ . .. 

6 . Bluegrass, 70; fescue, 30 — 

14.05 

6 . 57 

.7.17 ■ 

5.05 

13 . 38 

6 . 90 

6.27 ■ 

4.30 

7 . Bluegrass, 60; fescue, 50 - 

1 .1. . D i 

i .22 . 

o.2o 

3.77 

8 . Bluegrass, 30; fescue, 70 - 

6,92 

3 . 84 

3 . 92 
1.48 

2.25 

9, Bluegrass, 10; fescue, 90 

3.33 

3.37 

1 . 59 

10 . Bluegrass, 90; redtop, 10 

8.B1 1 

4.65 

5 , 86 
■ 9.42 

3,05 

3,99 

11 . Bluegrass, 90 ; ryegrass, 10 . . 

10.73 

7.60 

12 . Bluegrass, 70; redtop, 30 

4 . 61 

1'.19 

1 8.32 ! 

2.60 . 

2 . 29 

13 . Bluegrass, 70; ryegrass, 30 

12.61 

i , 3 i 

4 . 8o 

14. Bluegrass,50; redtDp, 6()- 

1 .74 

1 .45 

1.23 

, 66 
3.93. 

16. Bluegrass, 50; ryegrass, 50 

7.19 ■ 

j , 759 

6.29 

16. Bluegrass, 50; fescue, 30; redtop, 10; ryegrass, 10 

. 5.25 , 1 

2.57 i 

2.85 
, 1.24 
1.63 

■ 1 . 55 

17. Bluegrass, 30; fescue, 30; redtop* 20; ryegrass, 20 

' 1.75 ; 

* 60 

j , 66 

' 1.23 

■ 1.69 

18. Bluegrass, 30; fescue, 50; redtop, 10; ryegrass, 10.. 

3.96 

.,5.67' : 

1 1.18 

19. Bluegrass, 70; fescue, 10; redtop, 10; ryegrass, 10 j 

L ■ ' '.i 

3.46 

10.32 

20. Bluegrass, 80; fescue, 10; redtop, 5; ryegrass, 5 ! 

■13.84 

j b,i}i 

■4.76 ■ 

Averages'**'-.. ... , , . .. ■ ... ■ i 

1 /.'g.43. ' ! 

%'4.89 

".5.12 

., ,3.02 . ■ 


* Average weight in grams of three replications made on an tiven dry basis. 
**■ Highly significant differences between treatment averages and mixtures. 



Figure 2 illustrates the treatments which favored the 
production of cree{3ing red fescue. The brown roots indicate 
a predominance of fescue in cultures C and E, No cutting 
and 2 -inch cutting treatments and a low level of nitrogen 
favored the growth of creeping red fescue. Cultures A 
and D received a high level of nitrogen and favored the 
production of Merion blucgrass. In this 30-3G mixture a 
change in the levels of nitrogen determined which species 
predominated. 

A mixture of redtop inhibited both the top growth 
and rhizome production of Merion bluegrass. (See figure 
3). It is doubtful whether Merion bluegfass coiiki coni'* 
pete successfully in this mixture regardless of cutting 
heights or nitrogen treatments applied. 

Figure 4 illustrates Merion bluegrass cultures in mixture 
with 50% ryegrass. Merion bluegrass was able to compete 
successfully under all treatments except for ''no cutting 
Low cutting was detrimental to the production of ryegrass 
foliage. The cultures receiving high nitrogen and low cut- 
ting (A) inhibited the growth of ryegra.ss to the greatest 
■extent. .. 

A comparison was made between mixtures receiving a 
low level of nitrogen with high cutting and their efect 
on the reduction of Merion bluegrass rhia:omcs. In the mix- 
tures containing 10% of creeping red fescue, redtop, and 
domestic ryegrass respectively, it was found the redtop 
inhibited rhizome production to the greatest extent A simi- 
lar comparison of cultures containing 30 and 50% each 
of the 3 species in mixture with Merion bluegrass resulted 
in a reduction of rhizomes in a descending order, beginning 
with fedtop, domestic ryegrass and creeping red fescue. 


Fig. 1 . — Merion bluegrass at final harvest on Mar. 25, First 

row, foliage; second row, roots; third row, rhizomes. A. — 
High nitrogen, low cutting; B. — Low nitrogen, low cutting; C. 
— Low nitrogen, high cutting; D. — High nitrogen, high cutting; 
'No cutting, average level of fertility. 


DISCUSSION 

A comparison of top growth and rhizmnes produced on 
a weight basis for the last group of no cutting cultures 
harvested on Mar, 25, indicated that redtop was somewhat 
more competitive with Merion when 30 or 50% of redtop 
seed was used than was either creeping red fescue or 
domestic ryegrass seeded at the same rates. Of the last two 







Fig. 2.— Merit »n hluegrass and creeping red fescue at final harvest 
on Mar. 21. A 50-10 mixture of Merion bluegrass and 

creeping red fescue. Note the rhixorne.s produced by the red 
fescue at the bottom fd the photograph. First row, Merion blue- 
grass foliage: second row, fescue foliage; third row, mass of 
roots of mixture; fourth row, Merion bluegrass rhizomes; and 
fifth row. fescue rhizomes. 

A. — Higli nitrogen, low cutting; B. — Low nitrogen, low cut- 
ting; C. — Low nitrogen, high Cutting; D.— High nitrogen, high 
cutting; B. — average fertility. 

species, rec! fescue appeared to be less competitive than 
ryegrass with Merion bluegrass. 

Clipping the grass at either of the two cutting heights 
inhibited the development of both roots and rhizomes. A 
study of the tables and photographs shows that the grasses 
under the oo cutting treatment produced a greater quantity 
of roots and rhizomes. Clipping reduced the photosyn- 
thetic area of the plants and decreased the production of 
roots and rhizomes. The reduction of subterranean growth 
Indicates a reduction of available organic reserves for use 
by the plant in new growth or during adverse growing 
conditions. 

The higit Ie\X'l of nitrogen stimulated top growth at the 
expense of root and rhizome production. These nitrogen- 
stimulated plants apparently were using carbohydrates more 
rapidly than they were being replaced by photosynthetic 
activity. A combination of both low cutting and a high 
nitrogen level reduced the subterranean growth to the 
greatest extent. 

Redtop was the most competitive of the three species 
used in mixture with Merion bluegrass (figure 3) . A pound 
of redtop has a greater number of seeds than does Merion 
bluegrass, therefore a 50-50 mixture would contain con- 
siderably more redtop than Merion bluegrass seeds. A 
greater number of plants, sod forming habit, more rapid 
germination, and the ability of redtop to withstand close 
cutting all tend to account for its greater competitive 
ability. 

Domestic ryegrass also germinates rapidly but competi- 
tion from numbers of plants is reduced since the ratio of 
seeds per pound is approximately I to 9 of Merion blue- 
grass. The bunchy type of growth and inability to with- 
stand close cutting also tend for decreased competition with 
other grasses. Even though domestic ryegrass germinated 
sooner, grew more rapidly, and was coarser in texture than 
Merion bluegrass, it was not as competitive as redtop when 
sown on a percentage weight basis (figure 4). 


Fig. 3. — Merion bluegrass and redtop at final harvest on Mar. 25, 
1954. A 50-50 mixture of Merion bluegrass and redtop show- 
ing tops, roots and rhizomes. Note lack of rhizomes for all 
treatments except the "no cutting". First row, Merion bluegrass 
foliage; second row, redtop foliage; third row, root masses of 
mixture; fourth row, Merion bluegrass rhizomes, 

A. — High nitrogen, low cutting; B. — -Low nitrogen, low cut- 
ting: C. — ^Low nitrogen, high cutting; D. — -High nitrogen, high 
cutting; E.— No cutting and average fertility. 










Fig. 4.— Merion bluegrass and domestic ryegrass at final harvest 
on Mar. 25, 1954. A 50-50 mixture of Merion bluegrass 
and domestic ryegrass. This mixture did not reduce rhizome 
production as severely as did a 50% mixture of Merion blue- 
grass and redtop. First row, Merion bluegrass foliage; second 
row, domestic ryegrass foliage; third row, root masses of mix- 
ture; and fourth row% Merion bluegrass rhizomes. 

A.— High nitrogen, low cutting; B.— Low nitrogen, low cut- 
ting; C. — Low nitrogen, high cutting; D. — High nitrogen, high 
cutting; E. — ^No cutting; average fertility. 

Creeping red fesaie and Merion bluegrass germinated 
and grew approximately at the same rate. The ratio of 
seeds per pound is about 1 of creeping red fescue to 4 
of Merion bluegrass. Equal rates of growth, less seed, and 
the inability of creeping red fescue to withstand close cut- 
ting are some factors that account for its being the least 
competitive with Merion bluegrass. 

Except for quick cover, there was no apparent advantage 
for using either redtop or domestic ryegrass in mixture 
with Merion bluegrass. Creeping red fescue in. a mixture 




K: . 





518 AGRONOMY JOURNAL 


with bluegrass may be of value where soils are variable 
in fertility and droughtiness. Merlon bluegrass seeded alone 
produced the best appearing turf. 

SUMMARY 

A study was made to determine the competitive behavior 
of Merion bluegrass as influenced by various mixtures con- 
taining red fescue, redtop and domestic ryegrass when sub- 
jected to two levels of nitrogen, two heights of cutting and 
no cutting with medium fertility. 

1. The greatest yield of clippings was produced by the 
cultures supplied with high nitrogen and cut at 2 inches. 

2. High nitrogen and low cutting treatments inhibited 
root and rhizome production to the greatest extent. 

3. In the production of Merion bluegrass top growth, 
redtop had the most depressing effect followed by domestic 
ryegrass. Creeping red fescue was the least competitive of 
the three grasses used with Merion bluegrass. 

4. Merion bluegrass competed favorably witli redtop 

when not over redtop was used in the mixture and 

a high level of nitrogen maintained. 

5. Merion bluegrass competed favorably with ryegrass 
when 509b was used in the mixtures, especially under high 
CLittifig and high nitrogen treatments. 

6. Merion bluegrass in mixture with creeping red fescue 
varied in its competitive behavior; M'erion bluegrass pre- 
dominated Linder a high level of nitrogen; while creeping 
red fescue predominated w^hen a low level of nitrogen was 
maintained. 


7. The best appearing turf was produced when Merion 
bluegrass was seeded alone and maintained under a high 
level of nitrogen. 
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Estimates of Heritability in Hops, Humukis lupidm L.‘ 

K. R, Keller and S. T. Likens- 



A LTHOXJGH the production of hops in the United 
.States has been an important industry .since IBOD, lim- 
ited attention has been directed toward varietal improve- 
ment by hybridization. The hop plant, Huniulns lupufus L., 
is a long-lived dioecious perennial which is propagated 
vegetatively from rhizome sections. The bulk of the hop 
acreage, wdiich is confined primarily to the irrigated sections 
of Washington, Oregon, California, and Idaho, is planted 
for the most part of three varieties. Two additional varieties 
recently introduced from England are also in commercial 
production on a small acreage. Since the varieties of hops 
now grown in the United States leave much to be desired 
relative to production, disease and quality characteristics, a 
more intensified breeding program may be justifiable. Esti- 
mates of heritability and the advance to be expected by 
applying selection pressure within a population of experi- 
mental hop lines for such factors as yield, sidearm length, 
percentages of the total soft resin, alpha acid, and beta 
fraction as well as for the chemical composition of leaf 
blades, may be useful in designing an efective breeding 
program. 

^ Techmed Paper No, 905, Oregon Agr. Exp. Sta., Corvallis, 
and Field Crops Research Branch, A.R.S,, U.S.D.A. Received July 

* Agronomist' and Assistant Chemi.st, Field Crops Research 
Branch, A.R,S. This ' investigation was sponsored, in part, by funds 
contributed by the Brewing Industries Research Institute. 


Estimates of heritability were computed, for a number of 
clonally propagated expcfimenia! lines iVonv several repli- 
Gited yield trials to determine the jm\ere.s.s diat might be 
expected in icuukicting a breeding pn^gram on hops in the 
Willamette Valley of Oregon, 

REVIEW OF' LIlTHATLm^ u 

Various methods ftir estimating heritability in plants have 
been presented. Weber (10) suggested that the best e.sti- 
mate of environmental variance for ct unput ing the herilabil- 
ity of characters In an inter- specific cross of soybeans was 
the cube root of the product of the variance.s of the Fo, 
and 1% populations. Mahmud and Kramer (7) used the 
square root of the sum of the variances of the two non- 
segregating parents of the F,^ population to estimate envi- 
ronmental variance in soybeans. Burton (2) working with 
pearl millet, estimated environmental variance as the vari- 
ance of the Jq. McDonald, et al. {H) and later Kalton, 
d, ;■,( 6)'.,: used the variance hetweeii ' pr(>p;igu}es,::of’ uTione : 
un: ■■estimate^ of: ■.the :^ettvirpnmet'ital .and..: 

subtracted it from the variance of the population (V^i) 
in the following formula to estimate heritability in orchard- 
grass and bromegrass: 
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Burton and DeVane (5) computed estimates of heritability 
in Tail Fescue on a single plot basis and on a replicated 
plot basis. They computed the total genetic variance from 
the mean squares for clones and error in the regular analy- 
sis of variance by separating out the variance componentsS 
for V,. and V,. where -f nV,. represented the expecta- 
tion of the clone mean square. They suggested that this 
method of computing total genetic variances has merit in 
that h depend upon the assumption that 

environmental variance is equal for the segregating and 
non-segregating popiilatii>ns, and (h) it reduces appreciably 
the amount of genotype X environment variance carried 
in the estimate of genetic variance. 

Burton and DeVane (3) also presented formulas for 
computing estimates of the expected gain from selection 
(S) on a single plot and replicated plot basis assuming 
the selection of the top of the population. 

■ MATERIALS AND METHODS . ' 

Thrt;'e renlii;:atcd yiekf trials, each consisting of a number of 
clonally propagated experimental hop lines with a check varietjc 
werc‘ grown in Sdhll plots near Corvallis, Oreg. The trials were 
designattfd as (a) an early maturity group, (b) a late maturity 
group, and (c) an intermediate maturity group. The design of 
each experiment was a randomimi block \vith 5 replications. All 
of the ex peri mental lines in these trials were selected and clonal ly 
increased from individual plants which appeared to otfer promise 
as the foundatitm stock for a new variety, Triafs (a) and (b) 
were planted in whereas trial (c) was planted in 1953. 

Three years” yield data were available from trials (a) and (b). 
The two farmer trials each contained 12 experimental lines and 
a check variety, whereas trial (c) was made up of 27 experimental 
lines plus 2 check varieties, Heritability estimates were computed 
folknving the procedure outiined by Burton and DeVane (3) for 
the charactefs in which there were ^significant differences among 
lines and for which there was only a single observation per plot. 
Where the number of observations are more than one per plot, 
the formula for estimating heritability H becomes Vg / (Vr + 
V« + Vs), Where Vs is the expectation of the variation aniong 
samples within a plot. The formula for estimating heritability H 
on a replicated plot basis involving more than one .sample per 

pk>t is v,y (v, -fw w. V4 ■ 

. n, ■ ka 

vvliere n i.s the tiumber of replications and k is the , number of 
.samples per plot. 'I’he expected gain from selection S, involving 
more than tme observation per plot, was computed on the single 
plot and replicated plot mean ba.sis, 3L^s\umng the selection of 
the top id the population using the following formulas: 

.S (single plot basis) s V^ / V Vs ~b Vt> + V ^' ■ ' ' ■ 

S (replicated plot basis) s V^ / V Vg T V^t 4" V« 

n nk 

wdiere s = 2.06 for 57? of the population saved. 

The genetic variance was derived from the mean squares for 
lines, experimental error, and sampling error in the regular anal- 
ysis of variance by .separating out the variance components accord- 
ing to the following formulas: 

V.S + k Vr T k n V,. == the expectation of the line mean square 
V„4“kVe=the expectation of the error (lines X 
replications) mean square 
V«=:the total genetic variance 
V.S =: the expectation of the sampling error 
k = the number of samples per plot 
n = the number of replications, 

Estimates of heritability aod the expeded gain from 
selection were calculated for 3 years of yield data and 1 
year of data for sideann length, and the percentages of 
the total soft resin and beta fraction for groujp (a). Com- 
parable estimates were made for 3 years of yield data and 
1 year of data for sidearm length for group (b). Estimates 


of heritability and the expected gain from selection were 
computed on yield, sidearm length, the percentages of the 
total soft resin, alpha acid, and beta fraction, and leaf 
blade content of total phosphorus, potassium, calcium, 
organic nitrogen, and nitrate nitrogen for group (c). Since 
no significant differences were noted among the lines within 
a trial for moisture content, either harvest weights or dry 
weights have been used in computing the yield analyses. 
Leaf blade analyses for total phosphorus and potassium 
were made for each of two dates during the growing sea- 
son. Two samples were collected from each plot for all 
of the leaf blade determinations, which added a sampling 
error to each analysis of variance. 

Chemical analyses of .strobiles for soft resin, alpha acid, 
and beta fraction were made as outlined by Bullis and 
Alderton (1). A sulfuric-nitric-perchloric acid dige.st of 
leaf blade material was employed for the determination 
of phosphorus by the method of Fiske and Subbarow (4) 
and potassium and calcium was determined by flame pho- 
tometry. Organic nitrogen was determined by the Kjeldahk 
Cunning-Arnold method (9) and nitrate nitrogen was 
found by the method of Johnson and Ulrich (5) . 

EXPERIMENTAL RESULTS 

Various types of data from replicated clonal propagules 
for a number of experimental hop lines within a breeding 
program may be used to compute estimates of heritability 
as well as the advance to be expected by applying various 
levels of selection pressure within a population. Although 
the genetic variance, Vg, may contain variance due to domir 
nance and epistatic effects, the expected gain values from 
selection should be appropriate since the crop is asexually 
propagated. Genetic constants for several measurements, 
using a single observation per plot, taken from 3 replicated 
clonal propaguie trials in experimental hop lines were com- 
puted using the method presented by Burton and DeVane 
(3). Where more than one sample per plot was involved, 
the modified formulas w'ere used. The F values for lines in 
the analysis of variance for each character measured ex- 
ceeded the 1% , level of significance, suggesting that there 
were real differences among the lines. The results from 
the analyses of the data for the compuited genetic constants 
for the several measurements are presented in table 1. 

The heritability estimates presented in table 1 indicate 
that, in general, the characters are highly heritable. It may 
be noted that the heritability estimates have been computed 
on a single plot or sample basis as well as a replicated 
basis. In examining table 1, it should be remembered that 
heritability estimates for the leaf blade determinations of 
phosphorus, potassium, nitrogen, and calcium were based 
on 2 samples per plot, and sidearm length on 5 observa- 
tions per plot for each of the 5 replications, whereas all 
other factors were represented by a single sample per repli- 
cation. Additional replications or samples increase the mag- 
nitude of the estimates of heritability but reduce the range 
among these estimates as compared to a single sample basis. 

The data which are of interest in these studies are the 
genetic coefficient of variation and the expected gain in 
percent of the mean, which was computed on a replicated 
plot basis. These data are indicative of the advance or prog- 
ress that may be expected by selecting for these characters 
within each of the experimental trials. For example, in the 
intermediate maturity group, it was estimated that when 
selecting the top 5% of the population, yield may be 
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Xable L—Genetic constants for several measurements taken from three replicated clonal propaguje trials on experimental hop lines 

at Corvallis, Dreg., 15>52-“54 indiisive* 




Genetic 

variance 

(V,) 

Genetic 

C.V. 

( VV.XlOO) 

Heritability 

Expected gain (S j 
from selection on 

Expected 
gain in 
percent 
of the 
mean f 

Character 

Mean 

Single 

plot 

basis 

Repli- 

cated 

basis 

Single 

plot 

basis 

Repli- 

cated 

basis 


X 

X 

fa) Early maturity group 

1952 yield (D.W.)* - 

17. OB 

8.60 

17 

: 0.58 

0,88 

4.59 

5 . 64 

33.0 

1953 yield (D,W.)_ ^ ^ 

19.30 

3.85 

10 

.28 ' 

,67 

1 . 84 

2.81 

14 . 5 

1954 yield (D.W.)- . . 

17.99 

10.05 

18 

.68 

,92 

0 . 40 

6.25 

34.7 

1954 sidearm length - - . - 

46.70 

121.80 

24 

.52 

.95 

1 6 . 33 

22 . 14 

47.4 

1953 total soft resin content- 

15.52 

1.55 

8 

,58 

■ .87 ■ 

.90 

0.82 

1.23 

7.9 

1953 beta fraction . . - - 

10.78 

0.64 

7 

.64 

1.32 

1 . 56 

14,5 

f b) Late maturity group 

1952 yield (H.W.It: 

60.24 

279.67 

28 

.72 

.90 

29.32 

33.20 

55.1 

1953 yield fD.W.) - - . - ~ - 

16.19 

14.45 

24 

.62 

.88 

6.15 

7.39 

45.6 

1954 yield (H.W.) . - 

59.25 

130.83 

19 

.54 

,86 

17.33 

21.7.H 

36.8 

1954 sidearm length - 

49.62 1 

157.31 

.'25 

.50 

.95 

18.29 

25.16 

50 . 7 

( c ) Intermediate mate rity 
group 

1954 yield (H.W.) ,. : 

1 86,81 

346.13 

21 

.69 

.92' i 

I 31.80 1 

36,70 1 

42.3 

Sidearm length 

' 58,84 

58.27 

13 

.23 

i .46 

7.48 1 

13.87 i 

23.6 

Total soft resin content - 

15.68 

i 4.86 

14 

. 65 

.90 

3 . 67 

4.32 ! 

27.5 

Alpha acid-,..™. - 

5.15 

1.69 

i 25 

.83 

.96 

2.45 

2.62 1 

50 , 8 

Beta fraction - 

10.68 

1.42 

1 ■ 11 

.61 

.88 

1.91 

2.32 i 

21.7 

Phosphorus ppm. (June) 

3382.59 

213,938.57 

1 ■' ■ 13 

.40 

■ .81' 

606.59 ■ 

856.83 } 

472.69 i 

25.3 

Phosphorus ppm. (July ),. 

1960.92 

63.186.94 

1 13 

.58 

" .83 

394.79 
0,16 ■■■ 

24.1 

Potassium (% D.W. ) June .. 

1.16 

.0168 

‘ ■ 'll 

.35 

.70 ■ 

0.22 

19.0 

Potassium (% D.W.) July/.. 

0.96 

,0276 

' IT 

. 57 

.81 ' i 

0.26 

■■0.31 ■ 

32,3. . 

Ogranic nitrogen (% D.W.) 

■ July.:- -- - - 

3.07 

.0571 

8 

.50 

,77 1 

■ 0.35 1 

.l).43' 

14.0 

. Nitrate nitrogen ppm. (July) 

988.58 

102.639.07 

32 

.59 

■ .83 ■ 1 

^505.38 1 

' 601.30 i 

60.8 

Galeium { % D.W.) June. - - 

2.92 

.10 

11 

.25 

.55 i 

i 

.32 I 

.48 ! 

16.4 



ill; 


Dry weight, 
t Harvest w'eight. 
Replieated plot basis. 


Table 2, — Correlation coefficients between characters measured atiiong lfne.s lor the iruertuediate maturity yield triah 

Corvallis, Oreg., 1954. 



Harvest 

weight 

Sidearm 

length 

Total 

nitro- 

gen 

Nitratt? 

nitro- 

gen 

Total 

phos- 

phorus 

. ■ ■ i 

Ptitas- 1 
si urn j 



Cab' 

cium 

Alijha 

add 

j 

I I^eta 
j fraction 

Total 
soft resin 
tM.)ntent 

Harvest weight 

-■ 

0,28 

--0.62"'* 

-0.31 

'-0'.39 

-0.28 1 

-0.02 

0.11 

0.16'..- 


Sidearm length . - - 


. , : 


.04 



, .y.32- : 

'.16 

|. - .03 


Total nitrogen - 




■.■,.■40^^. 1 

;■ .79'^' ! 

.40 ! 

■■ 

,21 : 

j ' ..13 

1 '■: ,.03 . 

Nitrate nitrogen - - 


1 , , , ■ 


- ■ ■ j 

.10 

.42* 

.03 '1 

.40'* 

i .01 . 

1- - .17 ' 

Total phosphorus - . - - - 





. — , 

.41* j 

.34 i 

- .21 

1 . .21 

1 .10 

Potassium- - 




■ ! 


— — ■• ' 1 

- ;i3 -'j 

■ -™-' .16 ■■ 

i - . .03' 

b - .1.2 ' 

Calcium - 


,| 

' ■; .1 



1 

i 



1-. ' .16 ■■ 

1.- .06 ■ 

1 .00 

1. , ,1' 


* SlKnificance at the 5'?^ level. 

Significance at the 1% Jevel. 

Note: r value.s were computed on ;t mean line basis; with 27 degrees of freeihnn. 



increased by 42%, sidearm length by 24%, and the values 
for the resin and leaf blade analyses between 1,4 and 61% 
depending upon the characters in question. These results 
are of particular interest to the plant breeder in that they 
estimate the latitude for progress that exists within that 
particular group of lines. Selection within the various ex- 
perimental groups presented in table 1 appears promising 
for each of the characters invCvStigated. This is of particu- 
lar interest since these lines were originally selected on the 
basis of desirable agronomic characters, disease resistance, 
and quality as measured by the percentages of the total soft 
resin, alpha acid, and beta fraction. 


A point of further interest in table I is the relatively 
close agreement among the expected gains in the last cob 
umn for yields among years within group (a) and (b) 
with the exception of the 19*>3 yield in grtaip (a). A simi- 
lar agreement is also indicated between the phosphorus 
content of leaf blades for the June and July collections. 
^c;An|;e3tammatj<m^'^ 'ihe. 'genetic; coefficieots,;' of .^variation ; 

for the characters presented in iab,]e i sugge.sts that, in 
geheralc..^there'.is. relatively. /wide ■;vanaliimy:bet ween 
each character. This information alone is encouraging to 
the plant breeder since it indicates the possibilities that 
^exi'str;withih';'..tEe/ ■severaly/gr0ups../;.:Sihce;^ 
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were measumi in the intermediate maturity group, corre- 
lation coeftkientJi have been computed between all |x->ssible 
combinations to determine the association betw^n the 
phenotypic characters. For example, a high correlation 
between harvest weight and totaF nitrogen as determined 
from leaf blade analyses might be utilized as an effective 
technic in reducing the expenditure of time and funds in 
evaluating lines developed in the breeding program. The 
results from the analyses oi these computations are pre- 
sented in table 2. 


The results from the computations of the correlation 
coetficients presented in table 2 indicate that although sev- 
eral are significant, none is of sufficient magnitude to be 
of any real value from a predictive standpoint. Actually, 
most of the correlation coefficients indicate little or no asso- 
ciation between the characters studied. 


DISCUSSION 


The production, marketing, and utilization of hops are 
highly specialized industries. Hop growers are primarily 
interested in yield per acre. Dealers, on the other hand, 
are concerned wath marketing of the baled product the 
value of cvhich is determined, for the most part, on phys- 
ical characteristics such as seeds, leaves and stems, moisture 
C()ntent, color, and aroma. The utilization of hops in the 
brew is largely dependent upon physical characteristics as 
well as the soft resins in the strobiles which are bitter aind 
impart this taste tt> the beer or wort. The plant breeder, 
therefore, is confronted with a minimum of three selec- 
tion criteria which must receive consideration in the devel- 


SUMMARY AND CONCLUSIONS 


Estimates of heritability of several characteristics were 
computed using data from each of three replicated clonal 
propagule trials involving a number of selected experi- 
mental hop lines grown near Corvallis, Oreg. Total genetic 
variance, V^,, environmental variance, Ve, estimates of heri- 
tability, H, on a single and replicated plot basis, and the 
expected gain (S) from selection assuming the selection 
of the top 5% of the population, were computed. 

The results from the analyses of the data for each of 
the characters studied indicated that there were highly 
significant differences among the lines. These results sug- 
gested that there were differences among the lines in their 
superiority for the specific factors considered. 

The average expected gains in percent of the mean when 
selecting the top 5 % of the population on a replicated plot 
basis for yields, sidearm length, and the percentages of total 
soft resin content and beta fraction indicated that an 
advance of 37, 40, 18 and 18%, respectively, over the 
population mean could be expected. The expected gain in 
percent of the mean for the percentage of alpha acid was 
50.8%, whereas estimates for leaf blade content of total 
phosphorus, potassium, calcium, organic nitrogen, and 
nitrate nitrogen varied from 14 to 6l%>. 

Correlation coefficients computed between the various 
characters indicated that, in general, the factors were inde- 
pendent and therefore could not be utilized for predictive 
purposes. 
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opment of a new variety of hops. Since the crop is a 
perennial and is rather costly to establish, these factors are 
of real importance. The yielding ability of a hop line may 
be evaluated accurately in experimental field trials. An 
evaluation of the physical characteristics and brewing quali- 
ties are somewhat more difficult. The "preservative value” 
or "brewing value" formulae wdiich have been employed 
by the English %vorkers but which have been of limited 
use in the tin i ted States, are calculated 00 the basis of the 
percentages of alpha add and beta fraction. The relative 
importance ascribed to alpha or beta, however, varies de- 
pending upon the investigator. Although the factors with 
which the various indust rites are concerned may not be easily 
defined, they vdll play an important role in the acceptance 
of.a'oew variety. 

The information in tables 1 and 2 merely indicates the 
latent possibilities that exist for several characters, as well 
as the association between these factors. It is realized that 
the re.sults presented here are far from complde. They are 
intended merely to introduce the potentialities that may 
exist for investigation of other factors. 


Wheat Stem Sawfly Damage in Four Spring Wheat Varieties 
as Influenced by Date of Seeding’ 

F. H. McNeal, M. A. Berg, and P. Luginbiii, Jr.- 


A LOSS of 2,251,073 bushels of wheat was reported for 
Montana in 1952 as a result of the activity of the 
wheat stem Cephus chictus (1). Because 

wheats have not been found which give satisfactory sawfly 
resistance under air conditions, other methods of control 
have been suggested. Munro et al. (5) present limited data 
to show that delayed seeding is effective in preventing 
damage. Davis et al. (2) report that wdieat planted after 
May 20 will escape sawfly damage. Early maturing varieties 
have been considered in the hope that injury would be 
avoided, but Eckroth and McNeal (3) found such vari- 
eties to be very susceptible to sawlly cutting. 

Losses in yield due to sawfly activity are caused by ( I J 
reduction in kernel weight due to larval tunneling in the 
stems, and (2) loss of wheat when the stem is cut and 
falls to the ground (4, 5, 6, 7). Seamans et al. (7) report 
losses of 10% in kernel weight due to sawfly tunneling, 
while Munro ef al, (5) report losses of slightly over 9% 
from the same cause. 

The present study reports the loss in kernel weight of 
2 solid and 2 hollow-stemmed spring wheat varieties when 
seeded on 3 dates and subjected to heavy sawfly infestation. 

MATERIALS AND METHODS 

Two solid-stemmed varieties of spring wheat, Kescue and Merit- 
Pilot X Rescue (B49-90), and 2 hollow-stemmed varieties, 
Thatcher and Merit-Pilot X Henr>^ (C.I. 12733), were planted 
on 3 dates under conditions of heavy sawfly infestation on dry- 
land at Choteau, Mont,, in 1953 and 1954. Dates of .seeding in 
1953 were May 6, May 15 and June 17, and in 1954 they were 


The number of kernel. s per head wa.s obtained by aver.j{j;i ng the 
kernels from 20 heads for each category from eacli replication. 
In a few cases, 20 heads were not obtained so an average of 
those available was used. 

Sawfly cutting percentages were determined by dividing the num- 
ber of cut stems by the total number of stems. 

: RESULTS AND DISCUSSION 
Kernel Weight 

A conip>arisoii of kernel weights from cut stems with 
thase from stems tunneled in L 2, 3, or 4 internodes was 
made in 1953 (table 1). Data from the June 17 planting 
were omitted frtim the analysis because of so many missing 
categories. The h' te.st showed differences iti kernel weights 
between varietie.s and dates planting, but 3U7 differences 
were detected between kernel weights from tile five cla.sses. 
Thi.s indicates that the weight of grain fr'inn a cut stem 
could he used as an index io determine the grain weight 
from tunneled stems, regardless of the number of inter- 
nodes tunneled. Such results seem reasonable since the 
stem is not cut until the larva has finished its 

Combined data on kernel weights for 1953 and 1954 
were ■ analyzed on the basis <)(. stems ^ out by ^ sam^'fly and 
those not tunneled (tables 2, 3, and 4), Again the third 
date was omitted from the analysis because of missing 
categories (table 2), 

There was, generally . a decrease in 'kenie! weight as a 
result of sawfly tunneling. The only exceptliULS to this 
were C.I. 1 2733 .and Thateher seeded on ■ the second date ■ 
in 1953 and Thatcher seeded on the second date in 1954. 


May 6, May 17, and May 31. 

In both years the 12 treatments (4 varieties X 3 planting dates) 
were grown in a randomized complete block design with I repli- 
cation.s of 3-row plots .seeded in lO-foot rows 12 inches apart. 
All data were obtained from 5 feet of the center^ row of each 
plot in 1955 and fnan 2 feet of the center row of each plot in 
1954, starting 1 foot from the edge of the plot. 

Plants from the de.signated area in each plot were pulled at 
harvest time and stored. The first two dates of seeding were pulled 
<m Sept 1,1 , 1953, and Sept, 1, 1954, while the third date was 
pulled on Sept. 16, 1953, and Sept. 22, 1954, Wheat from these 
plants was then used as a basis for determining sawfly lo.sses. 

Each stem from the 1953 planting waas examined to determine 
if it had been tunneled by a sawfly larva or if it had escaped infes- 
tation, The stems which had been tunneled were separated into 
the categories, stems cut by sawfly and stems not cut. The uncut 
stems were further separated on the basis of whether they had 
been tunneled in I, 2, 3, or 4 internodes. Sc,Hne mis.sing categories 
w*'ere obtained in the third date of planting because of little 
sawfly tunneling in the uncut stems. 

Stems from the 1954 crop were separated on the basis of stems 
cut by sawfly, stems tunneled but not cut, and stems not tun- 
neled, Some missing categories were obtained for the class, stems 
not tunneled, due to extremely heavy sawfly tunneling and cutting. 

Kernel weight was obtained by weighing 200 kernels for each 
category in each replication. In a few' cases, 200 kernels w'ere not 
available so smaller numbers were weighed and the weights cal- 
culated to a 200-kerneI weight basis. 

^ Joint contribution of the U.S.D.A. and the Montana Agr. Exj% 
Sta. Paper No. 357 Journal SeriCvS. Received Aug. 1, 1955, 

^Associate Agronomist and Agricultural Aid, Field Crops Re- 
search Branch, and Entomologist, Entomology Research Branch, 

' A.R.$.j U'.S.D.A. The authors express appreciation to H. W. Som- 
$en of the Entomology Research Branch for assistance in planting 




Significant differences in kernel weights were obtained 
between the main effects: first twi> dates of seeding, years, 
sawfly damage and varieties (tables 3 and 4), None of the 
interactions was at a significant level. Losses in kernel 

Table I. — Averaige weight in grams tff 20ti kcrntfls of wheat 
fnim stems cm and stems tunneled by sawflv larvae 
in a date cd seeding ex|wiment in' t953.: : 


Variety 


C.I, 1273a 
Thateher 
B49-90, . 
Rescue . 
Average. 


G,L 12733. 
Thatcher .. .. 
B49-90., , 
Rescue... , . 
Average 


C.L 12733. 
Thatcher. . 
B49-90„ . „ . 
Rescue.. 


Humber, of in ternodes^ ■ 
■.■■tunneled. In uncut stem..s 


Planted May 6 


Planted ■M.ay.lo 


A. 32.^ >'"5., 40" 
5.03 5.03 

5.03 6.45 

3.85 5.13 


.4..554'::4.8I/ 

4;llV:.v4..''oO-:'.|"^4f7.7 

:4M- ^ 4.S6.’ 


M2 


523 


MciNliAL hi AL,: WHEAT STEM SAWFLY DAMAGE IN WHEAT AS INFLUENCED BY SEEDING DATE 


Table -u. A\€rage weight in grams of 200 kernels of wEeat from stems cut and stems not tunneled by sawfly larvae 

in a date of seeding experiment. 


Variety 


1953 


1954 

Stems 
cut by 
sawfly 

Stems not 
tunneled 
by sawfly 

Loss or 
gain 
in wt.* 

Stems 
cut by 
sawfly 

Stems not 
tunneled 
by sawfly 

Loss or 
gain 
in wt* 




% 



% 


Planted May 6 

Planted May 6 

C.L^ 12733 ■ , _ 

5.26 

5.56 

-5.40 

4.34 

4.76 

- 8.82 

Thatcher, , 

4.98 

5.23 

-4.78 

3.74 

4.73 

-20.93 

B49--90.,„ 

0.12 

5.26 

-2.66 

3.46 

4.49 

-22.94 

Rescue ■ : 

5.16 

5.36 

-3.73 

4.22 

4.31 

- 2.09 

Average: ' 

5.13 

5.35 

-4.11 

3.94 

4.57 

-13.78 


Planted May 16 

Planted May 17 

C.I. 12733„ ■ : : 

5.07 

5.03 

+0.80 

3.82 

4.33 

-11.78 

Thatcher ; _ 

5.00 

4.99 

-i-0.20 

3.62 

3.22 

4*12,42 

■B49-90 „ 

4 . 66 

4.92 

-5.28 

3.56 

3.70 

- 3.78 

Rescue.. , ■ 

4.90 

4.94 

-0.81 

4.17 

4.49 

- 7.13 

Average... 

4.91 

4.97 

-1.21 

3.79 

3,94 

- 3.81 


Planted June 17 

Planted May 31 

C.I. 12733.. , , 

5.11 

5.13 

-0.39 

3.70 

— 


Thatidier . . ; 

4.56 

4.68 

-2.99 

3.27 

4.02 

-18.66 

■B49-90 


4.51 


3.27 

4.27 

—23.42 

Rescue v _ 

4.65 

4.90 

-5.10 

3.68 

4.31 

-14.62 

■Average . 

4.77 

4.90 

-2.65 

3.41 

4.20 

-18.81 


* Rwfi’rs to in w«oiiht of kernels from cut stems compared with weight of kernels from stems not timneleii 


Table 3.“-~Averagc* weight of 200 kernels for the components dates, years and sawfly damage in 1953 and 1954. 


Item . 

Date of seeding 

Years 

I Sawfly damage 

First 

Second 

1953 

1954 

Stems cut ! 

Stems not cut 
or tunneled 

Weight in gram.s . . 

L.S.D. (P = 0.05! 

4.75 

0. 

4.40 

20 

5.09 

0. 

4.06 

20 

4.44 i 

0. 

4.71 

20 


Table 4. — A\’emge weight of 200 kernels for varieties 
in 1953 and 1954. 


Item 


Weight in grams 

L.S,D. (F-0.05) 


Varieties 


12733 ! 

Rescue 

Thatcher 

B49-90 

4. 77’ 1 

4.69 i 

4,44 1 

4,40 


0.29 



aggravated more by some abnormal condition such as saw-- 
fly tunneling in an exceptionally dry year than in a year 
when more normai growdng conditions existed. 

On the basis of these data it appears that in a year 
when available moisture is above normal, the loss in kernel 
w^eight clue to sawfly activity might approach 5%, In an 
exceptionally dry year such as 1954, the losses in kernel 
w^eight may run to 20% or higher. 

Kernels Per Head 


weight were greatest in the first date of seeding, except 
that losses were extremely high in the third date of seeding 
in 1954 (table 2). Even in 1953, losses were higher in 
the third date of seeding than in the second. A possible 
explanation may be that plants from later seedings are 
infested in a younger stage of development, and the sawfly 
larvae may actually do more feeding in vital tissues of such 
plants than in plants that are more fully developed. 

The losses in kernel weight in 1953 were much less than 
those in 1954. Weather data for the 2 years^ show that 
precipitation for the 1953 crop year was 16.69 inches com- 
pared with 7.94 inches in 1954, while the 1945-54 aver- 
age was 12.29 inches. It is^ possible that losses would be 


The data in 1954 show that the sawfly larvae were most 
active in the largest stems of the wheat plant. The stems 
which were not tunneled had 2.8 kernels per head less 
than those which were cut by the sawfly larvae (table 5). 
Seamans et aL (7) found that the female sawfly selects 
the largest and best developed stems in which to oviposit. 
Data from the present study verifies these results. 

Twenty heads were not available from all varieties for 
the category, stems not tunneled. In the case of Thatcher 
in the first date of seeding, only six heads were available 
from all replications. However, these data consistently indi- 
cate that the sawfly larvae did more tunneling in the largest 
stems, which usually have the largest heads. 
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Table 5,^ — Average number of kernels from 20 heads from cut 
stems, tunneled stems, and stems not tunneled by sawny 
larvae in a date of seeding experiment in 1954. 


Number of kernels per head 


Variety 

Stems 

cut 

Stems 

tunneled 

Stems not 
tunneled 

Planted May 6 



C.1. 12733 - 

23.0 

23.3 

20.0 

Thatcher- - - - 

25.1 

21.0 

27.8 

B49-90 

24.0 

24.3 

21.0 

Rescue- - - 

25.8 

24.0 

23.4 

Average—May 6 = — 

23 . 6 kernels per head 

Planted May 17 


C.L 12733-- - - 

20.6 

20.8 

13.0 

Thatcher - 

24.7 

17.3 

19.0 

B49-90 - - 

19.0 

18.9 

16.8 

..Rescue- 

22.1 

22,.8' 

20.9 

Average-— May 17= 

19.7 kernels per head 

Average — May 6 and 




May 17 : 

23.0 

21.6 

20 . 2 

Planted May 31 



C.L 12733.-,, - - 

22.0 

16.6 

— 

Thatcher- - - - 

21.5 

19.5 

19.4 

B49-90-.---. -- - - 

19.3 

19,0 

17.6 

Rescue---'- : - - ... - 

20,5 

20.8 

21 .6 


L.S.D. I P = 0.05) for coniparhiji average Juunbt'r of kernt^ls {ler hi*ud Iron) 
stc.'i)B cut, stviiB tunnekd and not tunneU‘d for the first 2 dates — 2.1 i 

'kernels. ■ ' ' ^ 

L.S.D. (F = 0.05) for comparing average number of kernels per bead of 
the May 6 planting with that of the May 17 planting— 1,72 kernels. 


■ Sxiwily Cutting 

While fec’ords were not oblainec! on the nuoiber of saw- 
fly eggs which failed to hatch, it is deaf from the per- 
cental of tunneled stems shown in table 6 that hollow- 
stemmed C.L 12733 had much more tunneling in 1953 
than solid-stemmed Rescue. There was little difference be- 
tween Thatcher and B49-90 in the percentage of tunneled 
stems, showing that among solid-stemmed wheats B49-90 is 
not as effective as Rescue in controlling sawfly larval 
feeding. 

Significant differences were obtained between the two 
hollow and either or both of the solid -stemmed varieties 
in the percentage of tunneled stems which were cut by 
sawfly larvae in 1953, but the hoi low -stemmed varieties 
had similar averages. B49-90 had a lower average than 
Rescue, but this was due primarily to a 'zero reading in 
the third date of planting. This indicates that solid<“Stemmed 
wheats are less likely to be cut than ho llo\v -stemmed 
wheats, even though they have been tunneled by sawfly 
larvae. 

There were also significant differences between the solid- 
and hoi lov^- 'Stemmed whe.Us in sawfly cutting for the 2 
years (table 6). Rescue had the lowest percentage of cut- 
ting while. 'C.L 12733' 'WMS fine most susceptible to cutting. 
There was practically no difference in sawdly cuttini; be- 
tween Thatcher and 1349-90 in 195 3 hut in 1954 Thatcher 
was much more susceptible to cutting. 

Differences were also obtained betw'een the different 
dates of seeding in the ' amount of sawfly cutting. High ■ 
cutting percentages were obtained on the first two dates 
of seeding in both 1953 and 195 4. liven the May 31 date 


Table 6. — Average sawffy tunneling and cutting percentages fronv a date of seeding experiment in 1953 and 195- 


■ . . ■ — ; — — — 

' ' ' 

i?:'.'-.' Variety 

% of 

stems 

tunneled 

%of 

tunneled 

; . € 

^ sawfly cutting 


1953 

195:i 

1953 

1954 

Ave. 

4;: ■ - \ : , • ■ . ; ■ | 


Planted Mi 

ly 6, 1953 or May 6, 1954 


.1 -.'L 'G.L 12T33_ ■' , .J 

74.1 

■88.4 ■ ■ ■ 

66, 1 

S4.8 

■ 75.4 

if . , ■ Thatcher,. i. .. ■ - • ■ 

.50.0 

89.1 

44,9 

'■ 80.4 

62.6 

a.,-, ■ - : 

50.9 

88.3 

45.2 

56 . 8 

51 .0 

t;l ', ■ ■■ , ■ Rescue-'- - 

■ 37.2 

83.2 

30.9 

'■ 2'3.5 

27 . 2 

) , Average.. ' .. - -■ - ' , ' - ■: ■ i 

/, 53*0 

,87.2 , ' 



54.0 

■ i 

, 

Planted Ma^ 

'15, 19.53 or 5 

la.v 17, 1.954 


'^7'' aL 12733--...-.--.:...: ■ i-c 

58.0 

91.4 

, 52.7 ■ 

86.6 

69.6 

s Thatcher - . . . 

31.8 

89.7 

■ 28.5 . 

79.3 

53.9 

: B49-90 * 

40.7 

76.7 

30.9 

i'Ol.a 

41 .3 

■ Rescue- - i.. i. - ... - ■- ... - ... - - - ~ - ■ 

:!2.2 

86.7 

'27.9 ■■ 

. - 20.4- 

24 .2 

Average-- . - - - _ ... 

40.7 

86.1 



. 47 ;2 ' 


1 

Planted June 17, 1953 or May 31, 1954 


C.L 12733 

1 28.3 

78.9 

; 22.0 

76.4 

49.2 

|v;: ..Thatcher-,--.:.:-'--...;^.:;-':.. 

, "■ 4.9 ^ 

84.6 

. ■ 4,2' . 

'64.3 ■ 

■ 34.2 . ■ 

!;;'l " ^ ■ 

0.3 

0.0 

0.0 

28.3 

14.2 

|:j| '...'V : . i;'/ ../Rescue^--, ... - t - -■ 

0.4 

16.7 

'■■^' 0.3 . 

:'37..4. 

18.8 

f f ■ . ;i,' ; ; Average. — ,.i ^ ... - 

1 • • • . • . . 

45.0 



29.1 



Variety average for thi 

S ' dates' 


if :,■■■ ■. -c.ici2733„-:_--:-'-c. c.„ 

:■ ■■:53,.5 " 

86.2 

■■. '■46.9 : ■ 

'8'2.S . 

64.7 

i Thatcher . ...... - 

28.9 

87.8 

25.0 

■ ■' 74'.'7 

.■■:50.2: 


30.6 

55.0 


■:45.6 ' 

..35.5': "■::■■ 

'f. Rescue- , - . 

23.3 



27.1 

■:■'■ ,2S.4 

1 L.S.D. (P = 0 .05) for comparing variety averages. , „ 

6.7 

10.6 



!: - : 

' ■' ■ 5,5..'. i ■:'■:■■ ' 

■ ■■::L,S,D.'.XP=;0.'05f'|orpompm date^^averages-i:-:'j,-.,-_-,.,^ 

5.8 



I:--' 1,:;^ ^ 
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gave very high cutting percentas^es, 
although the June 17 planting in 1953 reduced the average 
far below the average of the other two 
dates. The relatively high cutting percentages from the third 
date show that to avoid loss from sawdy, seeding date 
would need to be postponed until June 1 or later This 
rs too late m most sawdy areas as losses in yield would 
usually result ironi a shortened growing season. 

SUMMARY 

Two solid -stemmed varieties of spring w'^heatj Rescue 
and B49-90, and two hollow-stemmed varieties, Thatcher 
and CL 12733, w^ere planted on three dates under condi> 
tions of heavy saw^dy infestation on dryland at Choteau 
Mont., in 1953 and 1954. 

It was found that kernel weight from stems cut by the 
sawfly could be used as an index to determine the kernel 
weight from tunneled stems, regardless of whether they 
had been cut. ^ 

Losses in kernel weight due to sawdy tunneling 
iipjproached 5% in some varieties m 1953, a year when 
ayailable moisture was above normal. In 1954 when pre- 
cipitation was more than 4 inches below normal, the loss 
in kernel weight exceeded 20% in some varieties. 

Number of kernels per head shows indirectly that the 
female sawHy selects the main tillers, or most mature stems 
avaikble, for oviposid^^ 

Differences obtained between the four varieties in the 
percentage of tunneled stems which were cut by the sawdy 
indicated that solid-stemmed wheats are less likely to be 


cut than hollow-stemmed wheats, even though both have 
been tunneled by a sawdy larva. 

Sawdy cutting was highest in the hollow-stemmed vari- 
eties and lowest in the solid -stemmed varieties. The earliest 
variety, C.L 12733, was cut the most while Rescue was 
cut the least. 

Later seeding reduced sawdy cutting signidcantly. How- 
ever, it is concluded that the seeding date would need to 
be postponed until after June 1 to escape serious damage 
from the wheat stem sawdy. 
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AIDS TO EFFECTIVE COUNSELING 

Louis M. Thompson- 

USE OF TEST SCORES AND HIGH SCHOOL 
GRADES 

aptitude test scores can be very helpful to the student 
counselor provided that he lias been properly instructed 
in their use. Where large samples are drawn, there is high 
correlation between the aptitude scores and performance 
in college.’’* On the other hand, as one plots the regression 
of college grades on aptitude scores, he finds the deviation 
of some individuals to be strikingly great. Therefore, in 
dealing with an individual, a counselor must always keep 
in mind the limitations of individual predictions. 

‘‘Papers presented before Div. XIII, Agronomic Education, 
American Society of Agronomy, St. Paul, Minn,, Nov. 8-12, 1954. 
Received July 8, 1955. 

"Professor of Soils and in charge of the Farm Operation Cur- 
riculum, Iowa State College, 

•‘The correlation coefficient was 0.48 for 1,520 freshmen who 
entered Iowa State College in 1946. The ACE psychological exami- 
nation score was compared to the grade of each student after the 
first quarter in college. (Unpublished data of Testing Bureau, 
Iowa State College.) 


Aptitude tests do not measure motivation, and a student 
with low scores may perform remarkably well because of 
hard work. Sometimes a student will perform poorly on 
aptitude tests with the purpose that he will be assigned to 
a slower section of some course where his competition for 
grades will be less. Some students are so unfamiliar with 
the types of tests used that they become tense, and waste 
much of their time and do more poorly than they should. 
For these and other reasons a counselor should not assume 
a student will do poorly in college if his aptitude tests are 
low. By all means, the counselor .should refrain from telling 
a student that his scoi’es are low. A student with low scores 
needs additional confidence, and knowing that his scores 
are low will not help build his confidence in himself. 

High aptitude scores are more meaningful in that the 
student has to have high ability in order to achieve high 
scores. He may not do well because of lack of interest or 
motivation. In such a case, it may prove challenging to let 
the student know that he has more ability than he has 
demonstrated. Knowledge of his high scores can be a real 
motivating factor. 

Sometimes a student may ask his counselor for his test 
scores. If the scores are low, the counselor should be most 
diplomatic and careful in his interpretation. When telling 
a student that he is in the 10th percentile one would not 
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say percentile”; one i'nigi’it say, you 

are in the 10th percentile, which means that you did better 

. .. . 1 . ! .1 / 3 '*on 


a saving to the colle^^e 


than 10 out of 100 who took the test” (and no/ say 90 
out of 100 who took the test made a higher score than you 
did”). Furthermore, low aptitude scores are often associated 
with slow reading. It is very helpful to the student \yith 
low scores if he learns that his rate of reading-speed might 
be a cause of his low performance on aptitude tests. Any 
improvement in his reading habits will be reflected in his 
college work. 

A combination of test scores and high school grades pro- 
vides the best basis for predicting a student’s success in 
college. High grades in high school and high aptitude test 
scores are expressions of ability and application. Lo%v grades 
in high school and low aptitude test scores mean that 
the student will have a struggle in college, and will require 
considerable motivation in order to pull through success- 
fully. 

A flexible freshman curriculum, whereby a schedule is 
prepared in accordance with the student’s capabilities, is 
particularly helpful to students in agriculture. Many stu- 
dents who do not have the ability to complete a 4-year 
college program would profit greatly by a year oi prac- 
tical subjects in agriculture before dropping out to become 
a farm operator. A counselor can use high schooI^ grades 
and aptitude test scores to predict pretty well which stie 
dents should follow a more practical freshman program. 


PRE^COLLEGE COUNSELING 



During the past two summers the counselors in Farm 
Operation in Iowa State College have visited all of their 
freshmen who were residents of Iowa on their home farms. 
This is not a recruiting program. The counselors visited 
only those students who had been admitted to Iowa State 
College to major in Farm Operation. During the summer 
of 1954, the two counselors spent a total of 31 days calling 
on 155 freshmen. They averaged 5 calls per day at a cost 
of $3.20 per .student for travel expense, figuring 5f per 
mile for the automobile. This pre-college counseling pro- 
gram has proved to be of tremendous value. The program 
has meant as much to parents as to the student. An oppor- 
tunity is provided for the parents to a.sk questions and to 
gain the feeling that the college is interested in their son 
as an individual The parents frequently ask about job 
opportunities for their son in the event that he is unable 
to start in farming after graduating from college. By the 
time of the visit the student may have received several let- 
ters from social fraternities, and the parents want to know 
more about them. They appear to ask questions much more 
readily in their home than parents do who visit our office. 
They feel that the visit is an expression of personal inter- 
est. The . public relations %^alue, alone, is great enough to 
warrant the time and money spent for the program, yet 
the most important feature is the knowledge the counselor 
gains about the student that will help later when the time 
comes for advising him on courses to take and other plans 
for the future. Farm Operation students must decide even- 
tually as to whether they will earn a certificate for the 2- 
year program or work toward a B.S. degree in Farm 
Operation, 

The large enrollment (over 400 each year) would require 
more counselors if the summer visitation program were 
abandoned. Consequently the program actually represents 




it the same time it provides for a 
highly effective means of establishing acquaintance between 
counselor and counselee. It gives the student confidence in 
his counselor and, as a consequence, more frequent visits 
are made to the counselor for assistance With educational 


and personal problem.s. 


COUNSELING ON A PERSONAL BASIS 


T. L MantY 


^THOUGH larger institutions of higher learning have 
attempted to provide education on a mass production 
basis, students have retained their individuality. The vari- 
ability among students and student problems necessitates 
different approaches on the part of the adviser, each on an 
individual student basis. While it is diificult to prescribe 
techniques for doing an effective job of advising and coun- 
selling, certain basic factors might be considered. 

The first prerequisite for effective advising is the estab- 
lishment of student confidence in an adviser. This necessi- 
tates something more than a formal or casual acquaintance 
between a student and his adviser. In order that an adviser 
do an effective job, he must be more than a source of a 
signature essential for the completion of the various steps 
in registration. A stmlent needs to feel that his adviser 
has a personal interest in him as an individual. 

In many way.s an adviser of an agronnmy sUident is in 
a very favorable position for the establishment of .student 
confidence since both have ciimmon inlerests in jsroblems 
of crop production and soil management. For example, in 
North Carolina a majority of the agronomy undergraduates 
come from tobacco forms. An adviser whose research activi- 
ties deals with the impix^'ement of tobacco varieties, and 
the advisee whose financial support is derived from tobacco 
have common interests in somethifig quite apart from prob- 
lems of course scheduling. 

An advisor may become acquainted with his students in 
a number of ways: 

1. Through visits to a student's farm and in his home 
before and after that studenl enrolls in cnllygc; 

2. Tlrrough mutual acquaintances such as uaurity agents, 
teachers of agriculture, and other agricultural Wiirkers; 

3. Through active participation in students’ eKtracurricu- 
lar activities; 

V 4. ■ (;)ther students may frequently ■ aid in the establish- 
ment of an acquaintance. When a student has ' established 
confidence in an adc'iser, he may direct fen<nv students to 
that adviser. 


While there are innumerable ways for an adviser to 
become acquainted with his students, one of the most effec- 
tive ways is to have the student visit in the home of his 
adviser. It helps a student immensely to discover that hi.s 
adviser, an agronomist, has ditficulty in establishing a lawn, 
that his adviser has children equally as mischievous as their 
own younger brothers and sisters; and that faculty mem- 
bers, too, must live on budgeted income. Having made 
such discoveries, the student may take a new look at his 
adviser and more readily accept him and his advice. 

Once an acquaintance has been made and confidence has 
been -.established;: ;A adyiser'gnustlbe '^ympirthetic:- 


’ Associate Professor of Agronomy, North Can>lina State Col- 
lege, Raleigh, N. C. 
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must know what other counselling and advising facilities 
are available to the student and recommend their use when 
appropriate. Fie must make a concerted effort to provide 
real "meat" to the solution of the problem of the troubled 
student. Above all, an adviser must be available. An admin- 
istration that recognizes the importance of sound advising 
and counselling will see that time is provided for the 
adviser to participate in the various activities proposed 
above, and in so doing, lay a firm foundation for this 
vitally important phase of student training and develop- 
ment. 

THE OBJECTIVES OF GOOD ADVISING 
AND COUNSELING 

T, H. Goodding^ 

advising or counseling of college students as it is 
jt\ practiced today may be considered a science, whereas 
20 or 25 years ago it was more an art. This does not mean 
that it has reached a stage of perfection, for there is plenty 
of room for improvement. Before taking up the objectives 
in this field, it might not be out of place to mention three 
aids or prerequisites which may strengthen advising and 
counseling. 

First, the success of a good advising and counseling 
service largely depends upon the personal qualities and 
abilities of the people engaged in this work. Theodore M. 
Copeland, Jr.,- lists the pertinent qualities and character- 
istics of a successful teacher as empathy, enthusiasm, sin- 
cerity, and humility. These seem to apply just as well to 
a successful adviser or counselor. Copeland places empathy 
as a most important quality in a successful teacher. He 
defines it as a "mental entering into the feeling or spirit 
of another person." The successful adviser tends to put 
himself in the place of the advisee in order to appreciate 
more fully the situation in which the advisee finds himself. 

Copeland states that the teacher wdio possesses this quality 
will be regarded by his students as sympathetic, kind, and 
thoughtlhl and that he will be sensitive to their problems 
and needs. If an adviser or counselor possesses these quali- 
ties and characterstics, and is willing to study the funda- 
mental procedures involved in advising and counseling so 
as to improve his techniques, he should make long strides 
toward success in this field. 

Second, w^hile it is important to make the right choices 
in selecting personnel for advising and counseling work, 
it is probably just as important to make the work suffi- 
ciently remunerative and challenging to hold w^orkers who 
are successful. A person with qualifications for counseling 
and advising is likely to be in demand in other areas of 
educational work as well. Lip service on the part of the 
administration is not sufficient recognition for these serv- 
ices. Some institutions of higher learning do give recogni- 
tion for advising and counseling either by an increase in 
salary or by reducing the teaching load to some extent. 
But all too few institutions give it proper consideration in 
comparison with research, teaching, and extension. If a 
faculty member comes up for advancement in rank, how is 
advising and counseling rated as compared to the number 

* Professor of Agronomy, University of Nebraska. 

“Copeland, Theodore H., Jr. The touch of teaching. Jour, of 
Nat. Ed. Assoc. 43:416, 1954, 


of journal articles, bulletins, and text books published.^ 
The point is that it should have a place in the rating scale 
for promotion in rank. 

As a third aid or prerequisite to successful advising and 
counseling, a trained psychologist should be employed on 
the counseling staff. In addition to clinical diagnostic and 
therapeutic duties, he would help train the younger mem- 
bers for the job of advising and counseling. This course 
of training would not be given with the hope of making 
a professional psychiatrist out of each member on the 
staff. But the members of the staff could be taught to 
recognize symptoms of emotional illness in their early 
stages of development. These cases then could be referred 
to the psychiatrist where the condition could be most easily 
dealt with. 

From the standpoint of sequence, as far as the relation- 
ship betw^een the adviser and the advisee is concerned, the 
first objective in successful advising and counseling is that 
of getting the advisee off to a right start This was prob- 
ably less difiicuit 20 years ago. The high school curriculum 
at that time conformed more closely to the course of study 
as recommended for college preparatory purposes. In recent 
years there has been a swing toward vocational training. 
In defense of this trend the high school administrator will 
contend that since the majority of high school graduates 
do not attend college, it is believed uiwise to sacrifice 
vocational subjects for college preparatory training. It is 
not uncommon to find an agricultural college student floun- 
dering around trying to remove a deficiency in mathematics. 
More than likely this student took 3 years of vocational 
agriculture with the idea of farming after finishing high 
school. But during his senior year he decided to go to 
college. Now that he is in college he finds that he is not 
only deficient in mathematics but that he also sidetracked 
physics and chemistry for courses in vocational agriculture. 

The general run of students who enrolled in institutions 
of higher learning 20 years ago were more mature than 
the students now entering colleges and universities. It is 
now quite common to see boys only 17 years of age enroll- 
ing in college. 

The prospect of being called into the military service, 
while not as baffling a problem no'w for college students 
as during the Korean conffict, nevertheless remains a dis- 
turbing factor. 

In addition to the prospect of military service, the lack 
of preparation in basic subject matter, and the fact that 
many students coming to college seem immature, there are 
other factors that make an advising and counseling serv- 
ice necessary. One of the main factors that make college 
difficult for new students is the great difference that exists 
between high school and college. A big problem in getting 
the new college student off to a right start seems to be that 
of helping him to adjust to the conditions of college life. 
Possibly the course in orientation should take care of help- 
ing bridge this gap between high school and college. It 
does give a great deal of assistance but not enough. What 
are some of these differences to which the new student 
finds it difficult to adjust? 

In high school each pupil had a fixed daily program. 
If a problem arose in connection with a course, he could 
contact the instructor for help. A good share of his daily 
preparation was made in the assembly or study hall. Mother 
and father were available to help select his clothing; they 
had considerable to say about his choice of companions 
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and the type of entertainment in which he participated. 
But in college he is on his own. 

One of the first differences the new student notices in 
college is the enormous size of the classes. The new student 
coming from a small rural high school is bewildered when 
he walks into a large lecture section. He discovers that he 
is assigned a number in the seating arrangement in the 
class room and that his name is seldom mentioned in class. 

Before long he begins to be aware of another difference, 
the lack of the dose parental and school supervision he 
had in high school. This may be a snare in which he 
becomes entrapped before he realizes it. He has much more 
time at his disposal between and after class hours. He has 
the difficult problem of how^ to distribute his time between 
preparation for classes and outside activities. If he is doing 
part-time work, the problem becomes even more compli- 
cated. If a student is a slow reader, he may complain about 
having insufficient time to handle the long assignments. 

As the adviser works with the advisee, he presents the 
pros and cons involved in each situation in such a manner 
that the advisee must make his owai decisions wdiile trying 
to make adjustments to the conditions of college life. At 
first this is a painful ordeal. Finding that he not only 
must make his own decisions but also assume the responsi- 
bility for those decisions once they are made is a part of 
the entire struggle of adjusting to the college program, a 


part of the educational process. The more decisions that 
the adviser will make for an advisee, the more he becomes 
a prop or a crutch for the student and the less responsi- 
bility the student will assume. 

Teaching the student to make his own decisions and to 
assume responsibility for those decisions is another objec- 
tive in the process of successful advising and ctninseiing. 

In a recent conversation, Dr. j. C. Holmes., Dean of 
Men at the University of Redlands, Redlands, Calif., used 
an illustration which aptly describes the goal of coiinsehiuc 
He stated that in the counseling process he thought there 
was conscious effort on the part of the adviser and advisee 
which is somewhat comparable to that of bringing the 
two triangles in a range finder on a camera into focus. One 
of the triangles represenls reality and the other the con- 
cept of self. In this discussion the triangle designated as 
reality repre,sents the conditions of the college environ- 
ment. The triangle designated as concept of self repre- 
sents the advisee’s understanding of himself, his environ- 
ment, his aims, and his abilities. The advisee; with the 
help of the adviser, is attempting to bring these two tri- 
angles into focus. When this has been accomplished, the 
advising and counseling service has rendered an outstand- 
ing contribution to education, I he student who has levirned 
to weigh the facts, make decisions, and take the respon- 
sibility for those decisions, sluaild be an asset as a citizen 
to any community where he later chooses to live. 


Notes 


SEED PRODUCTION AND MOISTURE CON- 
TENT OF LADING CLOVER, 

re pens L., TREATED WITH 
ENDOTHAU 

I NTEREST in Ladino clover seed production in Wiscon- 
sin is sustained because of the importance of Ladino 
clover in recommended forage crop mixtures. Harvesting 
Ladino clover seed under Wisconsin conditions, however, 
presents a difficult problem. 

Under the conventional method, the windrows often 
remain in the field for 10 days to 2 weeks for drying. 
During that period, adverse weather may cause consider- 
able loss in seed yield. This note presents results of an 
experiment conducted at Madison, Wis., fl) to determine 
the effect of time of harvest on seed production, and (2) 
to test the use of a desiccating chemical to. facilitate 
harvesting. 

The Ladino clover used in this study was established in 19^1 
on a Miami silt loam .soil of rather uniform topography. The 
clover had been clipped back in the spring to a uniform height 
of 3 to 4 inches. Experimental plots were 30 by *50 feet in size 
and a randomized complete block design was used. 

^ Contribution from Departments of Agronomy and Entomokfgy, 
University of Wisconsin. Published with approval of the Director. 
Wisconsin Agr. Exp. Sta. Received May 5, 1935, 


■ Endothal- was applied at puunJs pR-ssuri.' lu ^liffortTit plots 
at concentrations ranging from .L tfiroygli 6 uuarls. i;?tr acre 
July 29 and on August t hw applicafiun I c|iiarts per 

acre was also applied on Aug, U. 

Samples for seed yield and {hsusOhl' da terHurLHe»n veo- Ciken 
at 1-, 3- and Yday inters als lollowing each treauiinU. I’lu’ samples 
were iiand clipped Irom ss|uart vard arta*'*. and iVuu' '-vaUipies wviv 
taken at random foan eaJi treatfiient at 4%kh infers ah "Uuese were 
dried, threshed by a .M.arifier. v leaned on .i Clipper fanniiu: null, 
and further cleaned on an slectrical air hhnser foaihiae. The 
yield of cleaned seed was cahulated in pounds fna ,uj\\ 'Che uiois- 
ture content of the treated plants \wis calculated as tin: percent of 
the untreated. 

. ' The average yields .of Ladino; clover seed in pounds, per 
acre at 1-,, 3.-,.' and, , 5 -day intervals of harvesting after.spray- 
ing on July 29 and Aug. 25 for sprayed versus unsprayed 
plots are shown in table 1. 

In all comparisons, the average yield of seecl for those 
plots harvested after the late date of spraying was more 
than that for plots harvested folluw’ing the earlier date. 
This difference was highly significant. 

The number of flow’crs formed was considerably greater 
during the warm, dry, sunny month of August than during 
July, Soil moisture was more abundant in July and vege- 
tative growth predominated o\er flower forniaiion. The 

"One gallon of the fonmiiation used iurUaineJ 2/3 ptmnd of 
technical disodiuni 3, 6 endoxobexahydruphthahue, 3 1/3 pounds 
of ammonium sulfate, 1 enmee of ’"activator” and water. 
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warm, dry period in August was also more conducive to 
pollination activity of bees. This increased activity resulted 
in a larger amount of seed set. Seed production was, there- 
fore, larger in August than July. Dessureaux**^ stated that 
weekly variations do occur in seed setting and apparently 
are a result of the complex interaction of several climatic 
factors which are favorable to bee activity. 

There were no significant differences in the yield of 
seed among plots treated with 2 through 6 quarts of endo- 
thal per acre and untreated plots. However, the yield of 
seed from untreated plots, over all intervals of harvesting 
and both dates of spraying, was higher than the yield 
from plots treated with endothal. This seemed to indicate 
that the endothal stopped or slowed down physiological 
processes associated with the maturing of seed. Possibly it 
prevented many seeds from developing or stopped the matu- 
rity of others. The small shrivelled seed resulting from 
this treatment were also lost in threshing and cleaning. The 
maturing of seed proceeded unhindered in the untreated 
plots, thereby giving a higher yield of seed. From these 
data, it would seem highly desirable that Ladino clover 
have its maximum set of seed formed at the time it is 
treated with endothal, or seed production may be reduced. 

Significant differences w^ere found between intervals of 
harvesting at each of the two treatment dates. A signifi- 
cant difference existed between the 1- and 3“day interval 
of harvesting and also between the 3- and 5-day intervals. 
However, differences were not significant between the 1- 
tind 5-day intervals when measured by Duncan’s xmiltiple 
range test, The highest yields were obtained when har- 
vesting occurred at 3 days following treatment, and the 
lowest at 5 days. It is not clear why the differences between 
intervals of sampling w^ere so large. 

The analysis of variance showed a significant difference 
for the interaction of intervals of harvesting X dates of 
spraying. A further breakdown of this interaction showed 
that the interaction was not significant for the early date 
of spraying but was for the late. Since the formation of 
seed was greater at the late date of spraying, the interval 
of harvesting for obtaining the largest yield of seed was 
more critical at a period wdien more seed was being formed 
than at a period when fewer seed was being formed. 

Average yields of seed in pounds per acre for unsprayed 
plots and plots sprayed with 4 quarts of endothal per acre 
on July 29> Aug. 11, and Aug. 25 are given in table 2. 

For both sprayed and unsprayed plots and three Inter- 
vals of harvesting, those plots harvested late yielded more 
seed on the average than those harvested at the early and 
middle dates of spraying. However, these differences were 
not significant. The data of table 2 show that the average 
yield of seed harvested at the middle date of spraying was 
never as great as that harvested at the late date. In only 
one case were seed yields from plots harvested at the early 
date of spraying as large as those harvested late, namely, 
at the 5 -day interval of harvesting for the unsprayed plots. 

The yield of seed following the middle date of spraying 
was less than the yield following the early date. This 
reduced seed yield appeared to be associated with rainy 
weather which limited flower formation and bee activity. 

Dessureaux, L. Variation in the seed setting ability of Ladino 
white clover, Sci. Agr. 30:509-517. 1950. 

" Duncan, D. B. Multiple range and multiple F tests. Biometrics 
2:1-42. 1955. 


Table 1.— Average yield of Ladino clover seed in pounds per 
acre for sprayed and unsprayed plots when sprayed on 
July 29 and Aug. 25. Average of four samples. 
Madison, 1952, 


Harvesting interval after 
treatment (days) 


Treatment 

1 . 1 

3 

5 

Average 

1 ■ ■ ■ 

Unsprayed E* 

166 

154 

177 

166** 


190 

216 

106 

171 

Average 

178 

185 

142 

168N.s.t 

Sprayed E j 

99 

123 

117 1 

113** 


154 

170 

133 1 

152 

Average. 

127 

146 

125 1 

1 

132 

Average 

152 

166 

134 

150 


Signilicance among intervals of harvest using Duncan's 
5% multiple range test. 


Ave. yield of seed _ 


Harvesting interval (days) 

5 1 3 

134 152 166 


* E = Early date of spraying: L = Late date of spraying. 

T** Significant at 1% level in comparison of early and late dates, 
t Non-significant in comparison of sprayed and nnsprayed plots. 


Table 2. — ^Average yield of Ladino clover seed in pounds per 
acre for unsprayed plots and plots sprayed with 4 quarts 
of endothal per acre on July^ 29, Aug. 11, and Aug. 25. 
Average of four samples. Madison, 1952. 



Harvesting interval after 
treatment (days) 


X 1 id! h 

1 3 5 


Check E*_. 1 

166 154 177 

166 

. M-- 

126 119 82 

109 

h 

190 216 106 

171 

Average - . 

161 163 122 

149t 

4 qts. E 

88 125 101 i 

104 

■ M 

127 126 110 

121 

L.... ............. 

143 178 135 

152 

Average...: .. . 

119 143 115 

126 

Average E...... . 

127 139 139 

135 1 

M. ........... 

T26 123 97 

115 

L... 

16T 197 121 

162 

Average....- - 

T40§ 153 119 

137 


* E = Early date of spraying; M = Medium date of spraying; L = Late 
date of spraying. 

t Non-significant at 5% level in comparison of sprayed and unsprayed plots. 

$ Non-significant at 5% level in , compari.son of early, medium and late 
dates. ^ ^ ■ 

§ Non-significant at 5% level in comparison of 1-, 3-, and 3-day intervals 
when using Duncan’s multiple range test. 


A total of 7.6 inches of rain fell during July, much of it 
during the middle part of the month. Only 4.7 inches of 
rainfall were recorded for August. 

A significant interaction was obtained for treatments X 
dates of spraying. The difference occurred at the early date 
of spraying where the unsprayed plots yielded significantly 
more seed than the sprayed. Apparently, the treatment with 
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Table 3. — -Average percentages of moisture for lad ino clover 
forage at 1, 3, and 5 days after treatment with different 
concentrations of endothal sprayed on Aug. 25- 
Average of four samples. Madison^ 1952. 


Concentration 

Harvesting interval after 
treatment (days) 

Average 

1 

3 

5 

Check.__. 

100.* 

100. 

100. 

100. 

2 qts 

97.1 

84.2 

82.4 

87.9 

3 ntiR, 

95 6 

83.4 i 

79.7 

86.2 

4 qts.' ~ - 

95 ’l 

81.9 i 

81.2 

86.1 

5 qts*. 

94.5 

81.4 : 

77.0 

84.3 

6 qts. , * 

93.4 

78.9 

74,9 

82.4 

Ave..._„ 

96.0 

85.0 

82.5 

87.8 


Check adjusted to 100. 


endothal at the early date was made at a critical time of 
rapid seed formation; thus the yield of seed was decidedly 
lowered within a five-day period. 

The average yield of seed was greater for the untreated 
plots than for the treated, and the largest yield of seed was 
obtained at a harvesting interval of 3 days following treat- 
ment. These data were consistent with those given for 2 
dates of spraying with 2 to 6 quarts of endothal. 

Table 3 shows that a loss of moisture occurred in all 
treated plots. The greatest loss occurred from the first to 
the third day after treatment The loss between the third 
and fifth days was relatively less. Increasing concentrations 
of endothal per acre caused a progressive decrease in mois- 
ture except foi* the 4-quart rate at the 5 -day interval of 
sampling. 


added to %veighed amounts of air-dry soil. The soil was 
moistened, thoroughly mixed, and placed in replicated pots 
with the several treatments: no VAMA, VAMA added and 
mixed with soil before plant mitrients were added, and 
VAMA added and mixed with the soil after plant nutri- 
ents were added. 

Oats were grown during the years 1952 to 1954, and 
in 1953 bush beans were included. Soil from the .same 
source was used for the whole series and showed a low 
analysis, or 32 to 34 pounds per acre phosphorus. No 
attempt was made to evaluate soil structure except by visual 
observations. 

In 1952 and 1953, several rates of plant nutrients and 
VAMA were used; namely, 80, 120, and 160 pounds F^O. 
and 1,000 and 2,000 pounds of VAMA. In 1954, only the 
higher rates were used, 160 pounds P^O., 100 pounds N, 
310 pounds 1C.O, and 2,000 pounds VAMA per acre, 
since in previous years trends were the same for rates used. 

To determine the avaiiabiiity of the plant nutrients, the 
crop was harvested at maturity, and (he plants analym! 
chemically to determine the amounts o(. nutrients taken up 
by the plant. Radioactive counts were made of the phos- 
phorus to determine the percentage uptake from the 
fertilizer. 

Results shown in table I indicate (hat the teit plant can 
more etficiently use the fertilizer plicisphorus when VAMA 
is not present in the soil. Also, the plant is able to as.simi“ 
latc more phosphorus when VAMA is mU present in the 
soil. In the 2 years, 1953 and 1954, when VAMA was 
added to the soil with no fertilizer phosphoriis aelded, this 
treatment showed a significant decrease in plant phosphorus 
uptake when VAMA was added than when mvVAMA was 
.used, : 



Data for the .spraying made on July 29 are not showm, 
but differences were of the same order except that a greater 
reduction in moisture occurred. This was probably due to 
differences in weather conditions at the two dates of spray- 
ing and also to the greater succulence of the Ladino clover 
at the earlier date. 

While these results are based on only 1 year s data and 
are not concliisi%^e, they do seem to indicate that later har- 
vest dates may give higher seed yields, and that treatment 
with endothal may increase the speed and ease of harvest- 
ing by low^ering the moisture content.^ — M. A. Massbn- 
GALH, ami ], T. M.EDLER, Research Assh/aai ami Assodafe 
Professarf Departments of. Agrottomy ami Entomology, 
respectively, University of Wisconsin. 


In the 3 years’ results when 160 pounds per acre of 
phosphorus was used with and without VAMA, a .signifi- 
cantly lower uptake of phosphorus was shown when VAMA 
W'*as used aS': opposed to when' no VAMA was uscxl. ' 
There was also some evidence tluring (rials (hat time 
of applkatkm of VAMA was ifnp<ulan(. and iti the first 
years of trials, 1952, (here was a sigfiilicantly higher per- 
centage of fertilizer phosphorus used by (he plant when 
the VAMA was applied to the soil first and the phos- 


THE EFFECT OF THE ADDITION OF VAMA 
TO SOIL UPON UPTAKE OF PHOS- 
PHORUS AND THE UTILIZATION OF 
PHOSPHORUS APPLIED IN FERTL 
LIZER BY THE OAT PLANT 

T he Maine Agricultural Experiment Station began 
jtudies in 1952 to determine the effect of the chemical 
soil conditioner VAMA (a modified vinyl acetate-maleic 
acid) upon the avaiiabiiity of plant nutrients in a poorly 
drained phase of Scantic silty clay. Tagged superphosphate, 
potassium chloride, ammonium nitrate, and VAMA were 

’:,V Received April 20, 1955. 


Fig. L“^Pots in die foreground had no VAMA added. Pots to 
the right and left, as well as in the background, had VAMA 
added. It can be observed that those without VAMA have yel- 
lowed and matured, while the VAMA-ffeated pots are still 
green and show active growth. However, dry weight of VAMA- 
treated pots averaged lower than untreated pots. ' 
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Table 1.^ — Percent phosphorus content of oat plants and percent phosphorus from the fertilizer as affected by addition of VAMA 

to the soil before and after the addition of phosphorus fertilizer. 


Treatment 


Percent phosphorus in plant 


0 lb. P. Os -No VAMA 

0 lb, P .>0 ,+2000 lb. VAMA 

160 lb. P .0 ,+No VAMA„ ... 

160 lb. P ,0 ,+2000 lb. VAMA added before 

P,0,.. 

160 lb. PaO ,+2000 lb. VAMA added after 

P.0 5 -^.-:-^-.::.-..- ---------- 

L.S.D. 0.05 _ .. _ .. ... - - 


1952 

0,062 

0.086 

0.080 

0.090 

0.014 


1953 

0,221 

0.211 

0,350 

0.267 

0.257 

0.046 


1954 

0.188 

0.103 

0.267 

0.191 

0.191 

0.036 


Ave. for 
3 years 

0.157 

0.217 

0,179 

0.179 

0.025 


Percent phosphorus from the 
fertilizer in the plant 


1952 

1953 

1954 

Ave. for 
3 years 

3.44 

2.59 

6.02 

4.01 

3.22 

2.68 

3.69 

3.20 

2.31 

3.19 

4.98 

3.49 

0.71 

0.23 

2.09 

" 


piiorus later, as opposed to the reverse treatment. However, 
the 1953 and 1954 results did not substantiate the data 
of 1952 in this respect. 

Bush beans were used in addition to oats as an indi- 
cator plant in 1953, and results were very similar to those 
with oats. 

From this study it would appear that the use of soil 
conditioning compounds tend to inhibit the uptake of soil 


and fertilizer phosphorus by the oat plant, even though 
soil physical structure is improved. 

It was observed that soil granulation was much improved 
when VAMA was used. Soil without VAMA added 
puddled badly and baked on drying while with the VAMA 
it remained porous and in good physical condition. 
Paul N. Carpenter, Assistant Agronomist, and A. 
Struchtemeyer, Agronomist, Main Agr. Exp. Sta. 



Registration of Barley Varieties, XIIT 

I. J. Johason" 


T WENTY-FOUR varieties of barley have been regis^ 
tered prior to this report, the last report appearing in 
July 1953.'’ One variety, Cordova, was approved for regi-s- 
iration in 1955. 

CORDOVA BARLEY (Reg. No. 25) 

Cordova (CJ.7576,'‘ Tex. 8“43'~311) was developed at 
Denton Substation of the Texas Agriciiltural Expcrimen' 
tal Station in cooperation with the U. S. Department of 
Agriculture from a cross between Wintex and Texan, two 
iocally adapted varieties. The cio.ss was made by Dr. G. A. 

* Registered under a cooperative agreement between Field Crops 
Researcli Branch, A.R.S., U.S.D.A.. and the American Society ot 
Agronomy. Received Sept. 17, 1955. 

" Professor in Charge of Farm Crops, Agroncany Department, 
Iowa State College. Ames, low^a. Member of the 1955 Committee 
on Varietal Standardization and Registration charged with the reg- 
istration of barley varieties. 

’Dnhnson, I. J. Registration of Bariev Varieties. Agron. Jour. 
T5:320~322. 1953. ' ■ 

‘ Accession number. Section of Cereal Crops and Diseases. 
U.S.D.A. 


Wiebe and the F, plants were grown at Sacaton, Ariz. Seed 
from these plants were sent to Denton, Tex., in 1939 and 
the selection S~'43-''3il, made by Dr. 1. M. Atkins wa.s 
named Ciordova. A more complete description of this vari- 
ety by Atkins has been published/'^ 

Cordova is 6-row intermediate winter-type barley with 
smooth awns and a moderate plant height. It is sufficiently 
cold-resistant for most seasons in all except the lligh Plains 
area of Texas, The variety produces abundant f'all and win- 
ter forage for livestock, tillers well, has plump grain, and 
has the capacity fc^r very high yields under I'aviu'afsie con- 
ditions. Althougli Cordova is highly susceptible to leaf 
rust, stem rust, stripe and net blotch, it is resistant to the 
prevalent races of mildew in the area. 

Foundation seed <if Cordova was released to certified 
growers in the fall of 1 952, and acreage expasidcd rapidly 
us a result '.'of favorable seasons. If' wais grown on an esti*^ 
mated 30,000 acres in 1954. 

Yields of Cordova In cotuparisott was six other commer- 
cial varieties are given in table I, 

■' ^ Atkins. 1 . M. 'Cortitna Baritv. 'l exas Agr. Fx,p, Sta. iSui. 760. 

1953. 


Table 1.- — Average yields of Cordova and seven commerdal varieties of barley gro\\n at stneral Tcnus hnahons, 194?-S2.=-' 







Variety 




'■ ■ ■ ' ' ■ . : ’ . ■ ' ' 

Location 

Number 



54elds of grain, bushe 

!S per acre 



tested 

' 

Cordova 

' 

, 

Texan 

Wintex 

Terdvow ^ 

Ward 

liiU'io 

'rtmnessfH* 
\\ inter 

Fall-sown at: 

Amarillo „ . 

2 

39.9 

' ■■. 33:2 2 

32.7 

^ ,31.9 

25 c5 

y ■ 

26.1 

Chilli CO the 

5- 

4,1.3 

38.0 

29.9 

'35.6' 

■ ■ '35.11' ■ 

■ 2UJ . 

29,5, 

Iowa Park 

5 

47.1 

44 , « 

45.4 

49.0 

49.2 

47.6 

42.6' ■ 

Stephen villa . . 

4 

44.7 

34,6 

34.8 

- 33.5 

"■ 29.82 

29.0 

27.2 

Denton , . 

12 ■G 

36.2 

2 R2',3. , i 

27.2 

30.1" 

I ■ 27., A-, : 

f. 25.5 i 

24.9 

Greenville 

4 

35.1 

2. 32.7 ■ 

33.6 

■ '38.1 ■ ^ 

29.6 

; :. 27.6 ; 

^ 28:0 

■■ Temple ^ V-, - 

1 ■- '3'" . 

38.8 

34.6 

. ........... 


; ■; . 


. 21.1 

■; ComforC,......-.. 

! ■ 3.' 

40 . 0 

i: 37..3', 1 


2 ■ ■■■■ ■' i 

r'2'- ■ 

i . . ! 


Average t- i 


40.7 

,,35.. 9 

33.9 

1 ^ 36. 5 ■^■■' .! 

■ 32 ."8:. 

30.3 

29,7 

Spring"SOWn at: 

Amarillo . . 

r^’c 'I,". - 

■ 43 ', 2'." 

■ J 

I' ■' ■"'■'2' "'J 

' i 

■2^ '35.2.' ■'! 

2 '42.3,/ : 

■ . .i 

.■ C| 

r " . 

r ' " ' ' ' 

r . , 




,t .Vvorane of six locutions, data from Tenipk- and Comfort omitted. The leant siyniticant difference beUveen tsvn varieti*-'- al tht- O.CSO h'vrl S.S I’U-hOft. 



Registration of Varieties and Strains of Bromegrass (Bromus Spp), II 

M. A. Hein'-i 


T his is the second report on the registration of varieties 
and strains of bromegrass {Brornus spp.) according to 
the revised classification-^ of forage crops for registration 
purposes by bield Crops Research Branch, Agricultural Re- 
search Service, U. S. Department of Agriculture, and the 
American Society of Agronomy. The previous report was 
published in 1951, f 

HOMESTEADER BROMEGRASS (Reg. No. 3) 

Homesteader, a variety of smooth bromegrass {Bromus 
nierm'is Leyss.), is a composite of five selected and tested 
strains ot bromegrass from the Department of Agronomy, 
South Dakota Agricultural Experiment Station. These 
strains originated from farms on which the original plant- 
ings were made 4() or 50 years ago. 

From the originai 16 strains investigated, 5 strains were 
found to be superior on the basis of forage yield, seed 
production, palatability, and adaptability to the conditions 
of South Dakota. Homesteader is an intermediate type 
between the northern and southern bromegrass strains. It 
lias been approved for the distribution, and registration was 
recjuested by the Department of Agronomy of the South 
Dakota Agricultural Experiment Station. Certified seed is 
being produced under the South Dakota Crop Improve- 
ment Association. Yield data comparing Homesteader with 
varieties Lincoln, and Canadian Commercial are given in 
table 1. 

Foundation seed of Homesteader bromegrass is main- 
tained by the South Dakota Agricultural Experimental Sta- 
tion. Ample supplies of certified seed are now available for 
the farmers in South Dakota. Additional information on 
Homesteader has been published. 

LANCASTER SMOOTH BROMEGRASS (Reg. No. 4) 
Lancaster is a synthetic variety of smooth bromegrass 
(Brom/is /nermis Leyss.) developed cooperatively at the 
Nebraska Agricultural Experiment Station, Lincoln, Nebr., 

‘ Registered under a co(g:>erati\’e agreement between Field Crops 
Research Branch, A.R.vS., U.S.D.A., and the American Society of 
Agronomy. Received Sept. 17, 1955. 

‘Principal Agronomist, Field Crops Research Branch, A.R.S., 
U.S.D.A. Member of the 1955 Committee on Varietal Standardiiia- 
tion and Registration charged with the registration of grass 
varieties. 

"Report of the Committee on Varietal Standardization and Reg- 
istration. Agron. Jour. 43:50. 1951. 

1 Myers, W. M. Registration of Varieties and Strains of Brome- 
grass spp.) Agron, Jour. 43:237. 1951. 

South Dakota Farm and Home Research. Vol. II No, 2, 1951. 

Table 1. — Forage yields of Homsteader bromegrass compared 
to Lincoln and Canadian Commercial at Brookings, S. Dak. 


Yields in tons of air-dry hay per acre 


Varieties | 

1946 

I ■ ■ 

I ; 1947 

",1 

1948 

1949 

1950 

Aver- 

age 

EIome.steader„ . „ 

2.78 

■ ■1:.65 j 

■V.M'I 

:'0.37-''l 

0,70 

1.29 

Lincoln ... 

2.66 

1.70 . 

.,87./ 


.66 

1.25 

Canadian Com- 
mercial 

2.64 

1.30 

.83 

.41 

.60 

1 1.14 


by the Department of Agronomy and the Field Crops 
Research Branch, Agricultural Research Service, U. S. De- 
partment of Agriculture. It was produced in 1943 by the 
field hybridization of clones from five unrelated sources. 
The selection of the clones was based on previous evalua- 
tion of their sibbed and open-pollinated progenies, the 
studies beginning with selections from farmers’ old fields 
in 1937. Lancaster showed immediate promise among sev- 
eral experimental synthetics in early comparative tests. On 
fertile soils it is a leafy, vigorous strain with fine stems and 
somewhat drooping panicles. This variety is comparatively 
free of diseases in its region of adaptation. 

Results of two tests at Lincoln, Nebr., comparing Lan- 
caster bromegrass wth other varieties in forage and seed 
yields in 4 years are presented in table 2. It is the leading 
variety in forage and seed yields and has been outstanding 
in its seed yield performance in these Nebraska tests. It has 
been tested widely in the North Central States where it is 
among the more promising varieties. 

Seed of advanced generation first known as Nebraska 44 
has been distributed for broader testing each year since 
1947. The first farmer-produced seed crop of Lancaster 
bromegrass was certified by the Nebraska Crop Improve- 
ment Association in 1951. A foundation seed field is main- 
tained by the Nebraska Station. 

LINCOLN SMOOTH BROMEGRASS (Reg. No. 5) 

Lincoln is a variety of smooth bromegrass {Bromus 
inermls Leyss.) developed at the Nebraska Agricultural 
Experiment Station, Lincoln, Nebr., by the Department of 
Agronomy and the Field Crops Research Branch, Agricul- 
tural Research Service, U. S, Department of Agriculture. 
Following the thirties, there was an increased interest in 
bromegrass as a grass which would withstand recurrent 
droughts. Farmer success with seed of local type led to a 
series of tests of farmers’ strains obtained from fields in 
Kansas, Nebraska, the Dakotas, and Canada. 

The best performing Nebraska fields of similar type were 
traced to old plantings, some of which were made from 
the distribution of seed prior to 1898. The later distribu- 
tion of seed from the tested fields was named Lincoln 
and was first certified by the Nebraska Crop Improvement 
Association in 1943. The variety has been widely tested 
and grown in the Northern States and selections from it 
are being used widely in the production of newer vari- 
eties. Lincoln is a variety characterized by ease of establish- 
ment of seedlings, good yields of forage and seed, and 
comparative freedom from diseases in its region of adapta- 
tion. 

Table 3 summarizes part of the data from early tests 
which show the superiority of the Southern strains, Lin- 
coln and Achenbach, in both forage and seed yields as 
compared with Northern strains, 

A foundation seed field is maintained by the Foundation 
Seed Division of the Nebraska Agricultural Experiment Sta- 
tion. Additional information on Lincoln bromegrass has 
been published.*^ 

Nebraska Crop Improvement, 34th Annual Report, 1943, by 
L. C. Newell and F. D. Keim; and Field Performance of Brome- 
grass Strains from Different Regional Seed Sources. Jour. Amer. 
Soc. of Agron. 35:420-434, 1943. 
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Table 2.' — ^Forage and seed yields of bromegrass vafieties at Lincoln, Nebr,, 1947-52. 



Forage yield, tons /acre 


Seed yields, lbs 

..■here 


Variety 

Five reps. 

Three reps. 

A \rOt 

Five reps. 

Three reps. 

Ave. 


1947 

1948 

1951 

. 

1952 

JX\ kH* 

1947 

1948 

1951 

1952 

Lancaster , - 

4.29 

2.18 

2.24 

3.01 

2.93 

590 

469 

474 

535 

517 

Lincoln (2 series of plots)^„_ 

3.70 

1.80 

1.80 

3.13 

2.60 

494 

378 

446 

405 

431 

Achenbach - - : . . - . - - 

— 

- 

2.02 

3.02 

(2.52) 

— - 

— ... 

348 

448 

(398) 

Canadian--.' - -j 

2.94 

1.21 

1.56 

2.56 

2.07 

411 

, 307 ’ 

232 i 

1 372 ’ 

330 


Comparisons of means with mean of Lincoln (2 series of plots ) 

L.S.D, at p=-o.o5. : 0,33 1 0.19 1 9.35 1 0.28 i — - y. 79 1 S9 i 129,1 128 1 


Other comparisons of means 


L.S.D. at P-0,0o J 9.38 j 0.22 | 0.40 | 


Table 3. — Forage and seed yields of bromegrass .stmins 
at Lincoln, Nebr., 194 


Source 

Forage 
TottvS/aere 
(12%) Six 
replications 

Seed 

Lb, /acre 
Four 

1 repli(‘ations 


1941 

1942 

1941 

1942 

Canadian 

(3 commercial strains) . . . .. - I 

1.06 

0.82 

147 

143 

North Dakota 

(3 commercial strains) 

1.33 

1.00 

■■ 1 

r 187 

159 

Nebraska Northern 1 

(3 farmer’s strains) : 

1 . 53 

1, 13 

231 

177 

Nebraska Lincoln 

(3 related fields) t. . .. - - . 

2,21 

1.27 

383 

161 

Kansas Achenbach 

(3 related fields ) , . u - - c . 

2.23 

1.31 

2.39 

78 

L.S.D. between means of 

3 strains 

at P-0.05-. .- . . 

0.29 

0,13 

107 

46 

: at p=-0.01....-.::/..; 

0.38 

0.17 

143 

61 


* Bata frnin NtHvell, L. C., and Keim. F. 1). Field perfoniianct* of brono- 
grassy Btraias from differtait rekomal stHHl .soura'B J«.>ur. Amur. Stu\ A«iLm, a.v 
420:--434. 1.94.5.,..,^ 

t Strains 4, S/ and 34 in i he original U*t wore from fte ids iater certified as 
Lincoln. ■/ 


0.32 1 ' . 91 103 i 14S i ■ 147 

■ . ■ I _ i 


LYON SMOOTH BROM.EGEASS (Reg. No. 6) 

Lyon. SfBooth b,n:Hiicgr.i.s.s, a va,,riery' of h/erm^s 

I'-eyss., was developed cot.)pe,ratively at the .Nebraska Agricub 
tiiral Experiment Station by tiie Depart inenl ot Agronomy 
and the Field Crops Research Brancli, Agriciillnral Research 
Service, 11. S. Department: ot Agriculture. This variety was 
initially a mass selection from one fanner's tieUl cO' Lincoln 
bromegrass, pfoduced by tW4) generations of selection among 
nursery-spaced plants. The resulting strain known as B9 
was te.steci in early uniform trials in many stales. At Lin- 
coln, .Nebr., ,fn a.substa|uentann\sttfy, of the par- 

ental clone.s of B9 were.alknved tccoutcfoss to a wide range 
of bfomegrass selections. Seed harvested IroiVi the U9 source 
was of exceptional quality and it was planted tor increase. 
It proved more vegetatively aggressive than the original B9 
and w-as retained. Advanced generation seed i.d this variety, 
known! as Nebraska 36 and later as Lyon, has been di.strib- 
uted for extensive testing .since 1947. Lyon produces large 
yields and has an excellent c|uaiity of seed. It maintains the 
qualitie.s of seedling vigor and ease of establishment of 
Lincoln bromegrass but is more unifinan as to plant type. 
Preliminary tests indicate it is best adapted in the Western 
part of the region where bromegrass is grown. 

Comparative yields of Lyon in relation to Lancaster and 
check varieties at Lincoln, Nebr., during a ‘Lyear period 
are presented in tabic 4. (lertiiitai seed i4“ ibis variety was 
first produced on farms in 195 L l*tnmdation seed is main- 
tained by the Nebraska St at km. 


i Table 4, — Forage and seed yields of bromegrass varieties at Lincoln, Nebr., 1947-52. 



Forage yields, tons /'acre 
Five reps. Three reps. 


Seed yields, lbs, af*r< 


Three repj 


Variety 


Lyon.. - 

Lincoln (2 series of plots) 

Achenbach 

Canadian 


Comparisons of means with mean of Lincoln (2 series of plots 
i 0.33 I 0.19 1 0.35 i 0.28 | — - ll 79 | 

Other comparisons of means 

1 0,38 I 0.22 I 0.40 1 0.32 ! — jj 91 1 


L.S.D.at P«0.05 


L.S.D.at P-0,05 




Registration of Oat Varieties, XX' 

H. C Murphy^ 

73-44-90 was first selected in 1944 and then reselected in 
1946, George Rivers of Texas A, & M. College assisted in 
the tests to determine the adaptation in Texas. 

Alamo is an attractive, early maturing variety, averaging 
7 days earlier than New Nortex. It is of medium height 
with standing ability for direct combine harvesting. The 
kernels are red, short, and plump with practically no awns, 
and are of high test weight and excellent quality. In 30 
fall-sown comparisons, Alamo averaged 2 pounds higher 
in test weight than Mustang and 4 pounds higher than 
New Nortex. The superiority of Alamo in spring-sown tests 
was even greater. 

The new variety is not very resistant to cold, which will 
limit its use for fall seeding to southern Texas. It is espe- 
cially well adapted for spring seeding throughout the 
northern half of the state including the High Plain or 
Panhandle area. Because of susceptibility to Helmintho- 
sporhwi vktorme Meehan and Murphy, Alamo should be 
grown in rotation with other crops and the seed should be 
treated with Ceresan M or some other seed disinfectant. 

Alamo has been outstanding for yield from both fall and 
spring sowing in Texas, as indicated in table 1 . Owing to 
its early maturity and upright type of growth, it has been 
found especially desirable as a companion crop for estab- 
lishing sweetclover from spring seeding in North Texas. 

Alamo is the first variety named and distributed in the 
United States with combined high resistance to the races 
of crown rust and stem rust now prevalent. It is resistant 
to all races of stem rust except 7 A, and to all races of 
crown rust except those attacking Victoria. Its greatest 


Table L— Average yields of Alamo and four commercial varieties of fall-sown oats at locations in Southern Texas, 1947-52, 
and from spring-seeding at stations in the northern part of the state, 1947-53. 



Number 


Yield of grain, bushels per acre 


Locations 

years 







Alamo 

Fultex 

Frazier 

Mustang 

New 

Nortex 

L.S.D. 


tested 







Fall sown 



Southern .statioiiH 





42.2 

22.8 

10.6 

Winter Haven _ . _ . . 

1 

51.6 

36.3 

31.2 


1 

31.3 

30.1 

22.8 

33,2 

23.1 

4.9 

Prf^ide View _ . - - - - - -- 

1 

41.5 

37.2 

28.3 

42.0 

34,1 

7.5 

Collep'P Station .. „ . _ - _ . - .. - 

4 

65.2 

. 42.6 

33.6 

59.4 

47.0 

9.3 

River Lab. . ~ . .. . .. - . - - 

1 

26.1 

21.0 

25.2 

21.1 

28.3 

3.1 

Lockhart - - - ~ 

1 

22.3 

23.7 

14.6 

25.7 

20.6 

6.2 

Comfort 

3 

56.8 

49.0 

41.2 

55.3 

45 . 5 

5.8 

Weighted average - - - - 


50.3 

38,8 

31.7 

47.3 

37.8 

i : : 





Spring sown 



Northern stations 



31.4 

35.2 

35.0 

29.8 

7.7 

Amarillo „ ... - - - 

2 

35.9 

Chillicothe _ - _ 

2 

29.5 

29.0 

26.5 

26.6 

11.5 

— 

Town Park - - . - ^ ~ ~ 

2 

60.3 

59.4 

54.3 

57.2 

38.4 

'5.9'' ''L 

Denton „ 1 - 

7 

65.3 

57.5 

53.6 

62.4 

53.0 

4.1 

■ Greenville ■ 

2 

78.7 

67.8 

61.7 

57.0 

45.4 

11.7 

Oomfort ■ 

3 

34.0 

25.1 

39.2 

27.9 

25.3 

6.4 

'M'cCreei'or ■■ -4'.. i.. - 

1 

63.6 

60,3 

44.8 

62.3 

45.1 

5.4 


1 

49.3 

40.7 

40.2 

41.9 

34.0 

9.4 









Weighted average . - 


54.0 

46.9 

46.1 

48.2 

38.4 



T he nineteenth consecutive report on the registration of 
oat varieties was published in November 1954 (12). 
Five varieties. Alamo, Cimarron, Seminole, Floriland and 
Victorgrain 48-93, were approved for registration in 1955. 

ALAMO (Reg. No. 133) 

Alamo (C.I. 5371,^ Sel. 73-44-90) originated at the 
Texas Agricultural Experiment Substation No. 6, Denton, 
Tex., as a selection from (Victoria X Hajira-Banner, C.L 
4019) X (Fulghum X Victoria, C.L 3528). C.L 4019 
was developed by J, N. Welsh, Dominion Cereal Breeding 
Laboratory, Winnipeg, Manitoba. C.L 3528, a sister strain 
of the variety Fultex (13), was developed cooperatively by 
the U. S. Department of Agriculture and the Texas Agricul- 
tural Experiment Station. The cross from which Alamo was 
selected was made at Ames, Iowa, by H. C. Murphy, dur- 
ing the winter of 1940-41. The F^ was grown by 
Badand Stevens at Aberdeen, Idaho, in the sSummer of 
1941. Seed for the l\ generation was sent to L M. Atkins 
in October 1941 for growing at Denton in 1942. The 
selection and testing for disease reaction, yield, and other 
characteri.stics were made by 1. M. Atkins. Sel. No. 

Mlegistered under a cooperative agreement between the Field 
Crops Research Branch, A.R.S., U.S.D.A. and the American Soci- 
ety of Agronomy. Received Sept. 17, 1955. 

“Principal Pathologist, Field Crops Research Branch, A.R.S. , 
U.S.D.A. Member of 1955 Committee on Varietal Standardization 
and Registration charged with the registration of oat varieties. 
"‘C.L refers to accession number of the Cereal Crops Section. 
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weakness, from the standpoint of disease resistance, is sus- 
ceptibility to H, vktorhie. 

Foundation seed of Alamo was released to certified seed 
growers in Texas in the fall of 1953. It is a product of 
cooperative oat breeding investigations between the Texas, 
Iowa, and Idaho Agricultural Experiment Stations, and the 
IJ. S. Department of Agriculture, 

The application for the registration of Alamo evas sub- 
mitted by 1. M. Atkins, who supplied the information on 
its description and performance. The origin, history, de- 
scription, and performance in Texas of Alamo has been 
published (2). Additional data on its performance in uni- 
form regional nurseries have been reported (4, 5, b, 7, 
8, 9). " 

CIMARRON (Reg. No. 134) 

Cimarron (C.I. 5106, Sel. 472606) originated at the 
Oklahoma Agriciiltaral Experiment Station, Stillwater, 
Okla., as a mass selection of early niatiiring panicles from 
Woodward Winter Oat Composite (C.I. 3527) made by 
A. M. Schlehuber in the spring of 1946. C.I. 3527 origi- 
nated as a ’'bulk" of all the surviving plants of 30 oat 
varieties grown in U.S.D.A. uniform oat winter hardiness 
nursery at the Southern Great Plains Field Station, Wood- 
ward, Okla., during the severe wdnter of 1934™35, The 
total survival w^as estimated at only 2 to 397. This bulk 
was grown as a composite from 1936 through 1946. It was 
a mixture of many types, including tall and short plants, 
early and late maturity, red and yellow grain, etc. No vari- 
ety grown in the 1934“35 nursery, or any year since, is 
similar to Cimarron. Therefore, its parentage and exact 
origin are unknown. 

The early maturing panicles selected from C.L 3527 in 
the spring of 1946 were examined before threshing and 
found alike for panicle and seed type. The seed was then 
bulked and used to plant seven 4- foot rows in the fall of 
1946, The survival was 80%, with a minimum tempera- 
ture of —17''“' F. in February 1947, and the total yield wars 
1,300 g. This bulked lot, then designated ’'Woodward 
Composite Oat, Stillwater Selection 472606” was grown in 
yield nurseries at various locations in Oklahoma starting 
in 1947-48. It was further purified by growing and roguing 
4,095 panicle hills in 1950-51. The Oklahoma Seed Stocks, 
Inc., distributed approximately 3,500 bushels of Inundation 
seed of Cimarron, C.I. 5106, to Oklahoma certified .seed 
growers in the fall of 1954. 

Cimarron is an extremely early maturing, short-straw^ed, 
winter hardy type variety, with semi-erect to erect wide 
green lea-i’es, whic hare somewhat blunt at the apex. The 
kernels arc small to medium in sii!:e, wdth test weight equal 


to Wintok, a heavy oat. They in color from almost 

wdiite, through yellow, to light gray. The gray color and 
gray striping of the lemma and palea is influenced by envi- 
ronmental conditions. The variety is classified as Avend 

sativcL 

The unique ability of Cimarron, a winter-hardy oat, to 
perform well from both fall- and spring-seeding has earned 
it the title of a ”lwo-Way” or "Dual Purpose” variety. 
The performance of Cimarron when fall-sown in compari- 
son with the leading winter varieties Tennex, Forkedeer, 
and Wintok, is presented in table 2. Its averai^e yield for 
18 station years was 17% above Wintok and SLf above 
Tennex and Forkedeer. When spring-sown, only Andrew, 
the highest yielding spring-sown variety in Oklahoma, 
exceeded Cimarron by a nonsignilicant amount, whereas 
Cimarron oiityiekied Kanota, the next highest yielding 
spring variety, by 4.4 bushels per acre (table 3). Cimar- 
ron has been outstanding for both fall and spring forage 
(grazing) value, in comparison with Lee and '^htitok; It is 
equal to Forkedeer for winter hardiness hut somewhat Jess 
hardy than the outstanding Wintok and lennex. Cimarron 
is susceptible to crown and stern rust, and tty a feat spot 
disease tentatively identiiied as sp[v 

Cimarron (C.I. 51 06) is a product of the coiiperative 
oat breeding investigations between the (Jklahiuna Agri- 
cultural Experiment Station and the Ik S. Department rtf 
Agficultiire, and was devedtipea! Iw A. M. Sthlelniber. 
Application for registration was suhmitkaL aiul informa- 
tion on the origin, history, and performance was supplied 
by him. A report on the merits of Cimarron h.is been pub- 
lished (I ). Additional information on its perfonriance in 
regional tests had been published g 4, 5. 6, 7 , 8, 9) . 

■SEMINOLE (Reg, No, 135)^ 

Seminole (C.I. 5924, Sel. 6514) originated as a selection' 
from the cross Appier X (Clinton- x Santa Fe). The 


Table 3.— Yield of 

Cimarron, 


Andrew, 

Kanuta, 

. Nc 

!i>she 


and 

Red Rustproof fr 

om spring 

s 

aaaliog at Stilhv; 

lUer, 

c:>kf 

a., 



in msi 

to lOS-L 







■' , 1 . ■ " 


Bushels per 

acre 




Vjiriet.v 










HU 

4 

■ 1 1952 

1053 , 

■ 1 !U 

Ml 1 

Av 

■f*. 

Andrew 

., ■ i’38. 


J 58.3) 

1 6 . 8 ' 

41. 

, i: 

28 

2 

Cimarron 

" v; r :I8. 

9 

1 44.7 

17.0 

47, 

i .1 , 

37 

4 

Kanota 

1 

5' 

i 40.0 ; 

20.7.^ 

' *'‘i t . 

7 

:VA 

0 

Neosho 

I'Bl. 

♦» 

1,48.71 ! 

13,9 ; 

29. 

1 V 

MO 

0 

Red Rustproof 

28. 

5 

41,5 

2.0 

. 

5 1 ' 

27 

8 


Table 2. — Yield in bushels per acre of Cimarron, Tennex, Forkedeer, and Wintok fall-sown at four hHatisais in tlktahoma 

for ail or a part of 1948-54, 



Stillwater 

1950-1954 


Woodward 

1948-1954* 


Cherokee 
1949-1954 t 


Good well 
1949 1954 


Percent of 
Wintok 
1 8 station- 
■ ■■ yearn ■ 


Variety 


Ave. Rank Ave. Rank ! Ave, j Rank 


Ave. ;• Rank 


Cimarron- 
Tennex.. - 
Forkedeer 
Wintok - 


■* Crop failures in 1950 and 1951 
t Crop failures in 1951 and 1953, 
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description and origin of Clinton, Appier, and Santa Fe 
have been published (14, 15). Clinton was first crossed 
to Santa Fe at the Iowa Agricultural Experiment Station, 
Ames, Iowa, by H. G. Murphy in 1945. The backcross to 
Clinton was made at Ames by D. D. Morey and H. C. 
Murphy in 1946. Several of the resulting plants were grown 
at the Idaho Agricultural Experiment Substation, Aberdeen, 
Idaho, ^ in 1947, where F. A. Coffman crossed Appier with 
one of them. The plant of Appier X (Clinton- X Santa 
Fe) was grown in the greenhouse at Beltsville, Md., during 
the wdnter of 1947-48, and the F^ plants growm at Aber- 
deen, Idaho, in 1947. Bulked seeds from the F^ plants 
were sent to D. D, Morey, Georgia AgriculturarExperi - 
ment Station, Athens, Ga., for F,. planting in the fall of 
1948. Seventy-three panicles selected from crown rust- 
resistant plants at Athens in the spring of 1949 were taken 
to the Agricultural Experiment Station, Gainesville, Fla., 
by D. D. Morey, for planting headrow^s the following fall. 
One of these F.^ headrows (No. 6514) was outstanding for 
resistance to diseases, earliness, and grain quality in 1949- 
50. The seed was sent to Aberdeen, Idaho, for increase dur- 
ing the summer of 1950. It was entered in Florida and 
regional tests in the fall of 1950. Appier X (Clinton- X 
Santa Fe), C.I. 5924, Sel. 6514, was named Seminole, 
and foundation seed was released by the Florida Station 
for sowing in the fall of 1953. 

Seminole has an early, upright habit of growth. Under 
mild weather conditions it has a high forage yield poten- 
tial. It is not winter-hardy, however, and can be severely 
injured by cold weather. It is an early maturing variety with 
short and relatively strong straw. Grain and forage yields 
have been good in the Coastal Plain area, where it is best 
adapted (table 4). The kernels are plump and of good 
quality under favorable growing conditions, and range 
from white through gray striped to gray in color. Along 
with Floriland and Sunland, Seminole is expected to occupy 
most of the Florida oat acreage now planted to Southland, 
which is now being damaged by culm rot and certain races 
of crown rust. 

The crown rust resistance of Seminole, inherited from the 
Santa Fe parent, has been adequate under field conditions 
in the Coastal Plain area. It was immune to all 15 races 
of loose sinut and 7 races of covered smut tested by C. S. 
Holton at Pullman, \Xkish., in 1954, and is resistant to 
Hehn/f/Zhosporiz/m victonae. Seminole is susceptible to stem 
rust. 

Application for the registration of Seminole was sub- 
mitted by D. D. Morey and F. A. CofiPman. Other workers, 
in addition to those luentioned, who had a part in its 
development were W. H. Chapman and R. W. Earhart. 
Seminole is a product of cooperative oat breeding investi- 


Table 4. — Average yields of grain and forage for five oat 
varieties grown in Coastal Plain area 1951—1954, 



Grain yields 

Forage yields 


(Bu. per 

(Lbs. green wt. 


acre) 

per acre) 

Number of tasts .. 

23 


Seminole . - 

56:- 


Floriland.. 

53 

5,336 

Sunland - 

52 

5,269 

Southland . - 

45 

5,600 

Red Rustproof - 

38 

3,591 


gations between the Florida, Georgia, Idaho, and Iowa 
Agricultural Experiment Stations, and the U. S. Department 
of Agriculture. 

The origin, history, development and release of Seminole 
have been published (10). Additional information on its 
performance in uniform regional yield nurseries has been 
reported (6, 7, 8, 9). 

FLORILAND (Reg. No. 136) 

Floriland (C.I. 6588) originated at the North Florida 
Agricultural Experiment Station, Quincy, Fla., from the 
cross Florida 167 (G.L 4320) X Landhafer (CL 3522) 
made by F. A. Coffman, U. S. Department of Agriculture, 
Beltsville, Md., in 1947. The Florida 167 (C.I. 43 20) par- 
ent originated as a selection from a cross of Bond X 
Fulghuni made at the Florida Agricultural Experiment Sta- 
tion in 1935 or 1936. The history of the Landhafer parent 
has been published (15). In the fall of 1948, seed from 
14 Fjj plants were planted in headrows at Quincy, Fla., by 
W. H. Chapman. One of these rows was outstanding 
and seed from it was increased at the Idaho Agricultural 
Experiment Substation, Aberdeen, Idaho, during the sum- 
mer of 1949. Data from 750 headrows grown at Quincy, 
Fla., during 1949-50 indicated the original selection was 
pure for resistance to crown rust but not for maturity. The 
crown rust resistance was so oustanding that 27 of the 
early maturing lines, with low spot (HeJ mm thosp or him 
avenae ¥Ad 2 im.) readings, were bulked and increased at 
Aberdeen, Idaho, during the summer of 1950. The bulked 
seed of these lines gave rise to Floriland, which was released 
by the Florida Agricultural Experiment Station in the fall 
of 1952. 


Table 5.— Average yield of Floriland-, Southland and Red 
Rustproof No. 14 in Florida during 1951 to 1954. 


Variety 

Yield in 

bushels 

per acre 

1951 

1952 

,1953 

1954 

Ave. 

Number of tests 

'4 ■ ’ 

11 

TO 

: 10 

'■35 

Floriland.,., 

53.4 

65.8 

52.8 

53.8 

57.2 

Southland . . _ . . . _ . 

55.0 

63.6 

48.3 

42.9 

52.3 

Red Rustproof No. 14 

.53.7 

54.7 

40.9 

38.5 

46.0 

: 


■„ .' -- 

_ . 





The outstanding characteristics of the new variety ar;* 
high grain yield, excellent forage production, and high 
resistance to crown rust. The average yields of grain of 
Floriland, Southland, and Red Rustproof 14 in Florida yield 
tests during 1951 to 1954, are presented in table 5. The 
average reactions of these same varieties to Victoria blight, 
culm rot, leaf spot, stem rust, and crown rust for the same 
period are presented in table 6. 

Floriland has been superior to Southland in grain pro- 
duction, and 10 days earlier in maturity. It will not pro- 
duce forage as early as Southland but will produce com- 
parable amounts from November through February, the 
critical period for green winter forage. The grain quality 
of Floriland is not equal to Southland. The kernels are 
red, midsize, inidplump, and midlong, with numerous non- 
twisted awns, and abundant basal hairs. The awns and basal 
hairs may cause difficulty in drilling. The poor grain quality 
is not so serious since most of the oats in Florida are used 
for winter forage. 
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Table 6.— Disease reaction of Florilancl, Southland, and Red 
Rustproof No. I4 in Florida during 1951 to 1954. 


Variety 

Vic- 

toria 

blight 

! 

Culm 

rot 

Leaf 

spot 

Stem 

rust 

Crown 

rust 

Floriland-.. 

R* 

S 

CS 

CS 

HR 

Southland. 

R 

CS 

S 

CS 

I-CS 

Red Rustproof No. 14 - _ 

R 

I 

S 

CS 

CS 


* R— -resistant, I-— intermediate, S — susceptible, CS — completely susceptible. 

The superiority of Floriland has been increasing as 
Southland has been damaged by culm rot and new races 
of crown rust. Floriland is highly resistant to all races of 
crown rust known to be prevalent in North America. Data 
obtained from uniform oat rust nurseries grown through- 
out the United States indicate it possesses the highest resist- 
ance to crown rust of any oat variety now available for 
commercial production. It is resistant to Victoria blight, 
but completely siivsceptible to stem rust and leaf spot. 

Application for the registration of Floriland was sub- 
mitted by W. H. Chapman. Other workers, in addition to 
those mentioned, who had a part in its development and 
testing 'W^ere D. D. Morey, A. T. Wallace, R. W. .harhart 
Harland Stevens, R. W Lipscomb, G. E, Ritchey, and 
H. W. Lundy. Floriland is a product of cooperative^ 
breeding investigations between the Florida and Idaho Agri- 
cultural Experiment Stations, and the LJ. S. Departinent of 
Agriculture. The origin, description and history of Fieri' 
land has been published ( 3, 11). Additional information 
on its performance in uniform tests has been reported (6, 
7, " 

VICTORGRAIN 48-^3 (Reg. No, 137) 

Victorgrain 48-95 (CL 5355) originated at the Coker s 
Pedigreed Seed Co., Hartsville, ^ C., in 1946, as a head- 
row XH.R. 1568) selection of Victorgrain C.L 4388 (Vic- 
toria C.L 2401 X Fulgrain C.L 3253) /Both the original 
Victorgrain, and Victorgrain 48-93 reselection, were devel- 
oped by the late George J. Wilds. The progeny of 1945 

46 H.R. 1568 was entered in preliminary strain tests in 
59.45.^47 where it was ob.served to be relatively more tol- 
erant to H. rkforuie, under field conditions, than the parent 
Victorgrain C.L 4388. Victorgrain 48-93 was first increased 
in 1947--48 block No, 93 where it again showed tolerance 
to H. vkioriae. After further testing the following two 
seasons, it was designated Victorgrain 48-93 and distrib- 
uted by the Coker s Pedigreed Seed Co., in 1950. 

Victorgrain 48-93 As an attraefive, high yielding, stiff- 
strawed, awnless, plunip-grained, niedliim-early maturing 
variety,, with an unusually wide range of adaptation. It 
ranked first for yield among 12 named varieties in the 
Uniform Fall Sown Oat Experiment for 62 stations-years 
during 1951-53. Victorgrain 48-93 averaged 5 days earlier. 


4.3 inches shorter, and was slightly superior in straw 
strength than Arlington; but was slightly inferior in hardi- 
ness and forage production. It ha.s sufficient hardiness for 
growing throughout the Southeastern Piedmont and Coastal 
Plain Regions. 

Victorgrain 48-93 possesses the typical Victoria resistance 
to most of the older races of crown rust, such as 202, 2<)3, 
etc., but is susceptible to some of the newer race.s, such as 
213, 216, etc. It is susceptible in the seedling stage to labo- 
ratory and greenhouse tests with H. vkiorhte. Although 
resistant to the strains of smut increased on Victoria and 
Fulghum, it has been susceptible to the strains increa.sed 
on Fulgrain Strain 3. It is susceptible to all races of stem 
rust. 

Application for the registration of Victorgrain 48-93 
was submitted b}’ S. J. Fladden for the Coker’s Pedigreed 
Seed Co. He also supplied the information on the origin, 
history, description, performance and disease reaction. In- 
formation on the origin, description, and performance of 
Victorgrain 48-93 in' uniform regiimal yield nurseries has 
been published (6, 7, 8, 9, 11). 
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Registration of Varieties and Strains of Orchardgrass 

(Dactylh glomeratdj 

M. A. Hein- 


P OTOMAC is the first variety of orchardgrass that has 
been approved tor registration under the cooperative 
agreement between the Field Crops Research Branch, Agri- 
cultural Research Service, U. S. Department of Agriculture 
and the American Society of Agronomy," 

POTOMAC ORCHARDGRASS (Reg. No. 1) 

Potomac orchardgrass (Dactyl is glomerata L.) is a mass 
selected variety developed at the Plant Industry Station, 
Beltsville, Md., by the Field Crops Research Branch. The 
source material for this variety traces to persistent vigorous 
plants collected in 1935 from old pastures in Maryland, 
Virginia, and Pennsylvania and isolated plants in strain and 
mixture trials at the Plant Industry Station. This material 
was tested in space planted nurseries for vigor, persistence, 
leafiness and rust resistance and in 1940 selected material 
was placed in isolation blocks for seed increase. In 1945 
plants were again selected from 3 -year old broadcast plots 
and established in an isolated nursery. Potomac orchard- 
grass represents the third cycle of mass selection. Seed was 

* Registered under a cooperative agreement between Field Crops 
Research Branch, A.R.S., U.S.D.A. and the American Society of 
Agronomy. Received Sept. 17, 1955. 

" Principal Agronomist, Field Crops Research Branch, A.ll.S., 
U.S.D-A. Member of the 1955 Committee on Varietal Standardi- 
zation and Registration charged with the registration of grass 
varieties. 

'^Report of the Committee on Varietal Standardization and Reg- 
istration to be published in December 1955 Agronomy Journal, 


distributed to most of the Agricultural Experiment Stations, 
where orchardgrass is adapted, for testing under the name 
"Beltsville orchardgrass.’' 

Potomac orchardgrass is a dark green, leafy, erect variety 
similar to commercial seed lots in height. It Is somewhat 
leafier at all stages of growth, and the leaves maintain their 
green color better with approaching maturity than do the 
leaves in the commercial type. Potomac is about 3 days 
later in maturity than commercial, except in the northern 
latitudes where such differences have not been observed. 
It is a productive variety that is characterized by superior 
persistence and rust resistance. Tests with legumes, such as 
Ladino clover, indicate Potomac is not as aggressive as 
commercial orchardgrass, thus lends itself well to main- 
taining a desirable balance with the legume. Potomac has 
been generally superior to commercial and other varieties 
in disease resistance; however, it has been observed that in 
the absence of rust, Potomac will not show up to advan- 
tage. Potomac is adapted primarily to the central and south- 
ern portions of the orchardgrass belt. Yield data comparing 
Potomac with commercial and two other varieties are pre- 
sented in table 1. 

Potomac was released in 1954 and is being increased 
under National Foundation Seed Project Foundation seed 
should be available to certified seed growers in 1956 for 
increase. Additional information on Potomac orchardgrass 
has been published.'^ 

^ Crops ^ Soils, 7(3) :23. 1954. 


Table I, — Annual and last cutting yields of orchardgrass strains planted at Beltsville, Md. in the fall of 19497 
I Yield, in tons dry matter per acre 


Variety 


Potomac 

Commerciai , 
Synthetic I 
S-14:T„ . 


1950 

1951 

1952 

Average 


Last 


Last 


Last 


Last 

Annual 

cutting 

Annual 

cutting 

Annual 

cutting 

Annual 

cutting 

3.17 

1.10 

4.75 

1 1.35 ■ 

3.66 

0,95 

3.86 

1.13 

3.00 

0.92 

4.35 

0.83 

3,10 

0.43 

3.48 

0.73 

3.26 

1.14 

i 4.67 ■ 1 

1 1.04 

3.43 : 

0.66 

3.79 ' 

0.95 

3.14 1 

1.32 

1 4.24 8 

.■',■1.17 : 

3.13 

0.82 

3.50 

1.10 


. — 

; ! 

■ . — ■ 

.. 

, 

0.31 

0.11 




Blllilililii® 


iii#8 


iill 



Registration of Sorghum Varieties, VIII' 


R, E. Karper- 


T he seventh report on the registration of sorghum vari- 
eties was published in November, Two applica- 

tions for the registration of new varieties of sorghum have 
been approved during the past year and the descriptions of 
these varieties are included in this report. 

GREENLBAE, (Reg. No. , 1.05) ' 

Greenleaf is a new variety of Sudangrass which was 
released by the Kansas Experiment Station. It was selected 
and tested from 1940 to 1950 by R. C. Pickett and K. L. 
Anderson and released to certified seed growers in Kansas 
in 1953. The variety originated from an intercross of 
Sudangrass strains (Leoti-Sudan 2 X Leoti- Sudan 4) 
made by J. R. Qumby and R. E. Karper at the Texas 
Station. 


Greenleaf has a sweet and juicy stalk, is 
tillering, and later in maturity than other present commer- 
cial varieties of Sudangras.s, The glumes are mahogany col- 
ored, and when fully ripe a large percentage of the caryop- 
ses will thresh free from the glumes. 

Because of lateness in maturity, the plants are vigorous 
and the yields are high under favorable soil and moisture 
conditions. Although the grmvth is slower in the spring 
than early strains and varieties, Greenleaf has more poten- 
tial later growth and will remain green and growing ItMiger, 

The variety is resistant to leaf blight ( Helmmihasporhif^^ 
tifnicion) and also to several the bacteria! hdiagc dis- 
eases, The Prussic acid potential is considered as medium- 

' Registered uader cooperative agreetnerit between the Field 
Crops Research Branch, A.R.S., IhS.D.A., and the American StKi- 
ety of Agronomy. Received Sept, 17, 19SS. 

" Agnmonn.st, .sorghum investigutitnis, Texas Agr. Exp. Sta., 
lege Station, Tex. Member of the 19^5 CtMinnittee on Varietal 
Standardi/!ation and Registration charged \\ith the registration i>f 
sorghum varieties. 

'‘Karper, R. E. Registration of Sorghum Varieties, VU. Agrori. 
Jour. 46:S26. 19S4. 


low, not significantly higher than Wheeler, an early strain 
of Common Sudangrass. 

TRACY, (Reg. No. 105) 

Tracy is a new tnid-season variel-y of sorgo ior sirup pro- 
duction released and distributed by tlie Mississippi Agri- 
curtural Experiment, Station in 1953. The variety originated 
from a cross between White African and Sumac made by 
H. N. Vinali of the Division of Forage Crops and Diseases, 
Bureau of Plant Industry, U. S. Department of Agriculture, 
in 1923. Selection work that resullctl In this variety was 
performed at the Texas lixpcrirnent Statiofi at Chillictithe 
by H. N. Vinail, j. C. Stephens, and J. R. Quinby and the 
selection supplied to the 11, S. Sugar Plant Ideld Station at 
^Meridian, M,iss., in i93S. fkirl Grass!, Botatiist, Division 
of .Sugar Plant Investigations, purified the type for final 
culture and testing by k E. Stokes ami others ai the Mis- 
sissippi Station, 

Tracy matures in around 100 days, has erect stalks ot 
medium diameter. The panicle is small, erect, and compact. 
The glumes are reddish-brown, mostly deciduous at thresh- 
ing. The seeds are small with a reddish-brown seed-coat 
and the brown micellar layer isdbsent. 

' Cooperative tests for a number of years shi.>w' Tracy to 
be a superior new mid-season variety for sirup production 
under a wide range of conditions in Mississippi, it is lodg- 
ing-re.sistant and the straight stalks handle well at the miH 
and produce favorable yields of sirup per ton of stalks. A 
high percentage of juice is r.ccoveretk tlie sugar content 
of the juice is high and clarifiiation is extelb nt resulting 
iri light amber colored sirup. wvith a jdeasing flavor. 

Tracy is comparal)le ti) White A frit an in rcMistance to 
d.eaf anthracaose , and red ■ rot (.€o!iei'UHrkimm 'gramm/-: 
col/imj, and also to rust and other bacteria! foliage diseases. 

The variety was named in memory of tin. late Dr. S. M. 
Tnicy who served during the period 1N88 tu IS97 as the 
first directt)r of the Mississippi Agrituilural lixperiment 
Station. ^ ' 
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Registration of Soybean Varieties, V 

M. G. Weiss and T. M. Stevenson^ 


T hirteen varieties of soybeans have been registered 
prior to this report, the last report appearing in Novem- 
ber 1933/^ Five varieties, Dortchsoy 67, Dorman, Capital, 
Harosoy, and Improved Pelican were approved for regis- 
tration in 1953. 

DORTCHSOY 67 (Reg. No. 14) 

Dortchsoy 67 originated as a selection from the prog- 
enies of a cross between an early maturing selection from 
Miacoupin and Ogden, in the soybean breeding program 
of the Robert L. Dortch Seed Farms, Scott, Ark., the origi- 
nal cross having been made in 1942. The variety is char- 
acterized by a determinate growth habit, pronounced side 
branching with heavy foliage, white flowers, gray pube- 
scence, dark gray pods at maturity mostly containing 2 or 
3 beans, and moderately small beans ellip)Soidal to slightly 
flattened in form, yellow seed coat color, yellow cotyledons, 
and light brown hilum. It is mediimi in height and its 
maturity classification is Group V, It is well adapted to 
the Mid-South including Arkansas, eastern Oklahoma, 
northeastern Louisiana, western Mississippi, and western 
Tennessee and to sections of the coastal plains region in 
southern Maryland and northeastern Virginia. This area 
coincides with all but the northern fringe of the area in 
which S-lOO is adapted and, because of the later maturity 
of Dortchsoy 67, extends slightly southward. 

The superior characteristics of Dortchsoy 67 were estab- 
lished in tests conducted by the Robert L. Dortch Seed 
Farms and it was entered in regional tests in 1951, the 
year prior to distribution. Regional tests, conducted by Agri- 
cultural Experiment Stations of the Southern Region in 
cooperation with the U. S. Regional Soybean Laboratory, 
established that Dortchsoy 67 had ap>preciably higher oil 
content and seed quality than S-IDO (table 1), the variety 

* under a cooperative agreement between the Field 

C.d*ops Research Branch, A.R.S., IJ.S.D.A. and the American Soci- 
ety of Agronomy. Received Sept. 17, 1955. 

•H\gricultural Administrator, Field Crops Research Branch, 
A.R.S., II.S.D.A. Member of 1955 Committee on Varietal Stand- 
ardization and Registration charged Avith the regi.stration of soy- 
bean varieties, and Chief, Forage Crops Division, Division of For 
age Plants, Department of Agriculture, Central Experiment Farm, 
Ottawa, C^anada, respectively. 

Wei.ss, M. G. Registration of Soybean Varieties, IV. Agron. 
jour. a5:570-57!,, ,{953. 


grown most extensively in its area of adaptation. The 
shorter, more dense growth habit relative to S-100 gives 
greater ground cover which results in more effective Jatc- 
season weed control. Additional information on Dortchsoy 
67 has been published (7). 

Dortchsoy 67 was distributed by the Robert L. Dortch 
Seed Farms in. 1932 and has been grown fairly extensively 
as a replacement to S-100. 

DORMAN (Reg. No. 15) 

Dorman originated as an F,^ plant selection, from the 
progenies of a cross between the Dunfield and Arksoy 2913 
varieties in a cooperative program between the Delta Branch 
of the Mississippi Agricultural Experiment Station and the 
U. S. Regional Soybean Laboratory. The variety is charac- 
terized by determinate growth habit, moderate height, pro- 
lific side branching, dense spreading foliage with excep- 
tionally large leaflets, white flowers, gray pubescence, light 
gray pods at maturity predominantly with 2 or 3 beans per 
pod, and small, ellipsoidal and slightly flattened beans with 
yellow'^ cotyledons, and yellow seed coat with a tinge of 
buif color in the hilum. Dorman is highly resistant to shat- 
tering, and its maturity classification is Group V, Its opti- 
mum area of adaptation includes the alluvial soils of the 
Mississippi Valley from southeastern Missouri to north- 
eastern Louisiana, the eastern third of Oklahoma, and the 
coastal plains soils of southern Maryland and northeastern 
Virginia. This area coincides with the area in which S-100 
has been the predominant variety. 

Regional tests, conducted by the Agricultural Experiment 
Stations of Maryland, Missouri, and states of the Southern 
Region in cooperation with the LI. S. Regional Soybean 
Laboratory, established that Dorman is appreciably superior 
to S-100 in oil content, bean quality, ground cover through- 
out the growing season, and unifc")rmity of ripening (table 
1) . Although mean yield potentialities on all soil types are 
comparable to those of S-100, Dorman has given relatively 
higher yields on the heavy clay soils of the Mississippi 
Delta area. Additional informatioii on Dorman has been 
published (8, 9, 10). 

Dorman was increased and released cooperatively in the 
states of Arkansas, Maryland, Mississippi, Missouri, Okla- 
homa, Tennessee, and Virginia and has replaced S-lOO to 
the limit of available seed. 


lable 1. — Mean agnynomic and compositional performance of Dortchsoy 67, Dorniaii and S-100 Soybean varieties 

in regional tests, ^*‘195 1”-53. 


. : Variety': 

' "Yield, ' 

; bu. per ! 

■ .acre-.;' 

i Relative 
maturity, 
days 

Lodging, 
score t 

Height, 

inches 

Bean 
quality, 
s cored 

1 

i Bean 
j ■■ ■ size, ■ . 

g./ioo 

Protein 

% 

Oil 

Iodine 

value, 

No.f 

Dortchsoy 67 . . 

25.9 

■ 4.' , ,1 


38.2 V 



38,9 


132.7 

Dorman. 

24.6 

0 ■] 

2:. 

Bi.d 


12 ..4":^' 

39 , 5 

v-':; 21v7^ A-:., 

135. 5 

S-100 _ 

24.4 ' 



4L.0 

^ ':7 

13.2 

: 42 .,0,; 

19.9 

130.8 


From 17 to 24 locations each year in three years. ^ 

}' From I (erect, ejccellent) to 5 (prostrate, very pooiO. • x* ^ 

insi ItlCT M 
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Table 2. — ^Mean agronomic and compositional performance of Capita! and Mandarin Soybean varieties 

in regional tests,* 1946-53. 


Variety 

Yield, 
bu. per 
acre 

Relative 

maturity, 

days 

Lodging, 
score t 

Height, 

inches 

Bean 
quality, 
score t 

Bean 

.size, 

g/100 

Protein 

or 

■ 

■ 

Oil 

% 

Iodine 

value, 

No.i 

Capital--,- 

Mandarin (Ottawa)--.- 

00 00 
obo 

-0.2 ! 
0 

1 

2.6 i 
1.4 

31.5 

28.5 

2.0 i 
2.0 

13.0 I 
18.2 1 

1 40.6 i 

i 49 

1 i 

20.2 

19.4 

134.5 

131.6 


‘ From S to 16 iocatioiis eiicii year m eight, years, 
t From 1 (erect, excellent) to 5 (prostrate, very poor). 
^Data from 194() — 52 only. 


CAPITAL (Reg. No. 16) 

Capital originated as an Fg selection froai the progenies 
of a cross between Strain 171 and AK (Harrow) in the 
soybean breeding program of the Forage Crops Division, 
Central, Experimental Farms, Ottawa, Ontario, Canada. 
Strain 171 is an early maturing selection from a mixed seed 
lot obtained in 1931 from J. L, North, Royal Botanic 
Gardens, London, England, the germ plasm of which had 
been collected in the vicinity of Sodientze, east of .Flarbin, 
Manchuria. AK (Harrow) is a selection made at the 
Dominion Experiment Station, Harrow, Ontario from the 
AK variety. 

Capital is a moderately tali variety with erect, deter- 
minate growth and numerous short side branches. It has 
purple flowers, tawny pubescence, brown [^ods at inatu,rit)% 
and predominately 2 to 3 beans per pod. The beans are 
small, round in shape and Have yellow cotyledons, and 
yellow seed coat color with a light brown hilum and a 
distinctly dark spot at the micropyle. Capital is classified 
as Group O maturity, ripening approximately 3 days earlier 
than the Ottawa strain of Mandarin when grown at Ottawa 
and approximately the same date at more southern loca- 
tions. Its region of adaptation extends laterally through 
central Minnesota and Wisconsin, Northern Michigan, and 
southeastern Ontario. 

Capital has been tested since 194r at Ottawa and since 
1946 in the Group O Regional Tests in the North Central 
States. Regional test data appear in table 2, showing appre- 
ciable saperiority over Mandarin (Ottawa)— -the variety 
[previously grown in the area of adaptation-— in oil content 
and height and a slight superiority in yield of beans. Yield 
superiority i.s greater in tests at Ottawa. Information on 
Capital has previously been published (1). 

Capital was licensed as a new variety in Canada in 1944 
and released for production the same year. It is presently 
grown extensively throughout southeastern Ontario, and 
Central Minnesota and Wisconsin. 


HAROSOY (Reg. No. 17) 

Harosoy originated as a BC ^ selection from the progenies 
of a backcross Mandarin X (Mandarin X AK) in the soy- 
bean breeding program of the Dominion Experimental 
Farm, Harniw, Ontario, Canada. The variety is character- 
ized by upright determinate growtln short branches held 
closely to the main stem, liglil green foliage with upper 
leaflets tending to have acute points, purple flowers, gra)^ 
pubescence; pods borne well off the ground, medium light 
brown in color at inaturity, predominately 2 to 3 seeded 
and resistant to shattering; beans round in shape, of 
medium size, and having yellow cotyledons, yellow seed 
coat with a yellow hilum and hearing a slight brownish 
tinged spot at the micropyle. Harosoy maUires approxi- 
mateley 3 days earlier and exhibits greater field resistance 
to steni canker than Hawkeye. In maturity it: is dassified as 
Group H and its optiniuni area of adaptation extends from 
northeast Nebraska and southeast South Dakota eastward 
through the northern regions of Iowa, Illinois, Indiana, and 
Ohio and the southwestern area of Ontario. 

After superiority of Harosoy was established at Harrow, 
it was entered in 1931 in regional tests conducted coopera- 
tively by the Agricultural Experiment Stations of the North 
Central Region and the U. S, Regit»nal Soybean Laboratory. 
Regional data ((able 3) show llarosoy has a slight: yield 
advantage over Havsivcye even though it maiures approxi- 
mately 3 days earlier which perm its it Ui he grown in shorter 
season areas than the northern limits the I kiwLaye adap- 
tation belt. Although it is earlier in maturily, its plant height 
is slightly in excess of Hawkeye wlfiih is of importance 
pafticularly in light soils and at late planting ilUes. infor- 
mation.; 00 : Hafo.soy ' has previously been, published (3,. 
11, 12). -Harosoy \vas increased by the Dominion Experi- 
mental InirttT and distributed to growers in i93L Its acre- 
age is increasing and it has replaced Hawkeye acreage par- 
ticulady in the eastern heft of its adaptaf ivin. 


Table 5. — Mean agrimoniic and coinpositionai performance of Haroso)- and Hawkeye Soybean \ariedts in rejL^itmal tesis,* 1951-55. | 
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BRIGGS: REGISTRATION OF IMPROVED WHEAT VA 343 


IMPROVED PELICAN (Reg. No. 18 ) 

Improved Pelican was developed from an Fj plant selec- 
tion from the progenies ofa cross between the Tanloxi and 
PI 6()406 soybean varieties by the Louisiana Agricultural 
Experiment Station. It was developed particularly for the 
sugar cane area of Louisiana and other sections requiring 
high yields of forage when soybeans are used for soil 
improvement or for hay. It combines with high forage 
yields the desirable bean characteristics of yellow seed coat 
color, satisfactory bean yields and high oil content, charac- 
teristics which were lacking in previously grown varieties 
suitable for soil improvement and hay uses. The combina- 
tion of characters permits growing of one variety regard- 
less of intended use thereby providing flexibility for the 
grower’s program. 

Improved Pelican has a tall, upright, indeterminate type 
of growth frequently attaining a height of 5 or 6 feet. 
Subsequent lodging often lowers the height to 3 or 4 feet 
but provides excellent ground cover for weed control 
throughout the growing season. It has purple flowers, tawny 
pubescence, yellow pods which contain 2 or 3 seeds and 
are resistant to shattering, moderately small beans ellipsoidal 
and slightly flattened with yellow cotyledons, and yellow 
seed coat color with a large, prominent brown hiliim. Its 
maturity classification is Group VIII and its optimum area 
of adaptation seems confined to Louisiana and areas of 
adjacent states in the Gulf area. Additional information on 
Improved Pelican has been published (2, 4, 5, 6). 

Forage production tests conducted by the Louisiana Agri- 
cultural Experiment Station show forage yields of Improved 
Pelican are approximately equal to those of Pelican and 
Acadian, two previously released varieties which have not 
become widely established, and far superior to varieties 
developed previously for bean production. Regional variety 
tests conducted cooperatively by the Agricultural Experi- 
ment Stations of the Gulf Coast States and the U. S. 
Regional Soybean Laboratory comparing bean production 
of Improved Pelican relative to varieties developed pre- 


dominately for bean production indicate the new combina- 
tion variety is higher in yield than Mamotan, similar to 
J.E.W. 45, and approximately 90% as high as Jackson. Oil 
content of Improved Pelican exceeds all but Jackson. In 
comparison of oil content with other hay or combination 
varieties, Improved Pelican is the equal of Acadian, appre- 
ciably higher than Pelican, and far superior to other hay 
varieties previously grown. 

Lnproved Pelican was increased by the Louisiana Agri- 
cultural Experiment Station and distributed to growers in 
1950. Acreage for .soil improvement in the sugar cane area 
of Louisiana is increasing as rapidly as seed supplies will 
permit. Hay and bean production acreage also is increasing 
in the Gulf Coast region, particularly central Louisiana and 
southern Alabama. 
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Registration of Improved Wheat Varieties, XX' 

Fred N. Briggs- 


S EVENTY-SEVEN varieties of wheat have been regis- 
tered previous to this report, the last appearing in 1952.'v 

ONAS 53, (Reg. No. 348) 

Onas 53 (G.I. No. 13069) was developed by the Cali- 
fornia Agricultural Experiment Station and the Field Crops 
Research Branch, Agricultural Research Service, U. S. De- 
partment of Agriculture. Information regarding it was fur- 
nished by CVAV Suneson and C. W. Schaller. The original 

^Registered under cooperative agreement between the Field 
Crop.s Research Branch, A.R.S., U.S.D.A., and the American Soci- 
ety of Agronomy. Received Sept. 17, 1955. 

‘Professor of Agronomy, University of California, Davis, Calif. 
Former Member of 1955 Committee on Varietal Standardization 
and Registration, charged with registration of wheat varieties. ^ 
'‘Briggs, Fred N. Registration of Improved Wheat Varieties, 
XIX. Agron, Jour. 44:155. 1952. 


Onas, introduced from Australia, was first grown commer- 
cially in California in 1924. Successive backcross improve- 
ment programs produced bunt resistant Onas 4l (1), 
Awned Onas with improved yield and test w’-eight (2), and 
a combination of the two, Onas 49. 

Onas 53 is composite of 250 Fg lines derived from 
Kenya (P.I. 117526) X Onas 49L The initial cross with 
Kenya was made in 1944. By growdng two crops per year, 
the combination of previous breeding gains with rust resist- 
ance was completed in 1951. Five test crops for agronomic, 
disease, and quality evaluation were grown from 1951 to 
1953. These reaffirmed the close likeness to the recurrent 
parent shown by many other tests with similarly improved 
varieties tested from 1937 to 1953, and provided a precise 
difference due to stem rust (3). 

Onas 53 has shown greater resistance than Baart 46 or 
Kentana 48 when exposed to California cultures of stem 
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Table 1.*^'— Yields of Quanah and four otiu 

r comnierciai '' 

varieties at Tc 

xa.s Substations, 

194 5-50. 



Number 

Yktd of grain Cbusheks 

per acre 

Location 

years 

te.sted 

Quanah 

Comanche | ' Westar 

Wichita 

- 

Triumph 


6 

21.5 

18.9 

19.4 

1 5 . 5 

16.9 


8 

20.9 

18.5 


17.5 

18.5 


3 

23.0 

16.2 

. 

3.8 

6.4 


2 

23.0 

1.4.4 


6.1 

.... — . 


‘ 3 

24.6 

19.7 

17.-6 

14.5 

13.4 


1 '3 '' 

15.1 

19.1 

16.8 

. 18.0 

18.0 


4 : ' 

33.5 

33.1 

31.9 

: 33.4 

1 '30.8 


5 

30.7 

30.2 

31. S 

: 30 . 1 

■28.0 . 


3 

23,7 

! 25. .3 

24.9 1 

1 23. S 1 

1 - 24.3 


Denton 

Greenville . 

Temple .. 

Comfort . .. . 
Stephen ville . 

Spur.. . . . 

Iowa Park- . 

Chillieothe.. 

Amarillo : _ 


“ Taivt'ix fmin ‘’QuaiKili Wheat’', Texas Agr. Exp. Sta. l>iiL 7-vK 

rust races 11, 17, and 36. It is recommended state-wide 
under irrigation or where rainfall will sustain later than 
average maturity, but not in extreme shatter-hazard areas 

■ QUANAH WHEAT, (Reg. No. 349) . 

Qiianah wheat (C.I. 12145, Selection 17i--43-'29) was 
originated iit the Denton Substation of the Texas Agricub 
turai Experiment Station in ux^peration vvith the U. S. 
Department of Agriculture. The variety was developed from 
a complex cross in which the l\ plaots of two crosses 
involving Comanche were crossed. The parenbige was 
(Comanche X Honor-Forward, Cornell 5()le-“I-"28, F,) 
X (Mediterranean-Hope, 4l-33-““l-~JI3 X Comanche, 
Fj). The cross and selectkai which was named Quanah 
were made by L M. Atkins. 

Quanah is a hard red winter wheat having milling and 
baking characteristics very similar to its Comanche parent. 
It is resistant to many races of leaf and stem rust but not 
to race 1 3B or several other races which have recently 
become prevalent. It is resistant to the races of bunt which 
are generally prevalent in the midwest but is extremely ^sus- 
ceptible to loose smut. 

The variety is less winter-hardy than its Comanche parent 
so is recommended only in the Central and Rolling Plains 
areas of Texas. It was distributed in 1951 and is grown 
largely in Central Texas, 

Yields of Quanah wheat in comparison with other com- 
mercial varieties at .several Texas stations are given in 
table-;!. ■ 

FRISCO WHEAT, (Reg. No. 350) 

Frisco wheat (CJ. 13106, selection 131-46-3) wars origi- 
nated at the Denton Substation of the Texas Agricultural 
Experiment Station in cooperation with the U. S. Depart- 
ment of Agriculture, The variety was developed from the 
cross (Fronteira X Red May ) x Red May. The Red May 
parent was a local strain grown in the Dallas area of North 
Central Texas for more than 100 years. The cross and 
selection were made by I, M. Atkins. 

Frisco is an early maturing, soft red winter wheat simi- 
lar in milling and baking characteristics to the Red May 
wheat that has been used in producing family-type dour 
in the North Central Texas area for many years. The variety 
- is superior to the old local strain in resistance to leaf and 
stem rust. It is not resistant to stem rust race 1 5B and some 
, other races that recently have become important. 


Table 2.— -Yield.s of Frisco wlieat and two ionimcrcia! varieties 


l.a>(?atioM 

at Texas 

N'um- 

Suhstatians, 19 0)- 

Yield of gra 
bu.shels per i 

in, 

ere 

L S D 


yearsi 

tested 

.F'ri.sco 

' 'fled 
May ^ 

. IV-lediter- 
raneaxi 


Denton 

4 ■ 

25.6 

- 24 . 1 

24.2 

. 2.4 

Greenville .... ... . 

1 4 ' i 

29.2 

-27.7 

; -27 ’ 4 i 

: 3.7 

Sherman :. . ,.. J 

; ■ ■ 2 1 

38.1 

35.8 

^ 29.5 i 

1 5.6 

Stephen ville ... , | 

r. 1 

23 , T 

!;i.» 

^ 10.5' i 

^ 3..0- 

Temple., i 

5 1 

26.1 

17.4 

: 17.7 i 

2.0 : 

AIcGregor : ■ 

1 1 ' 

22.0 

' 20.5 

20.6 i 

4.4 

Comfort , 

1 4^ 1 

27 2 

1 

17 , 3 : 

■ ■■'-' i 

16.6 ! 

2 . ?■ 

'Eaken from ‘"E 

rl8>co W'hea 

t. ' , i. r-xa-? A 

m-.' Exp. St:.t 


:er«^n, IfiS: 


.May H , 1954, 

' . The new. variety is recommended for a rather limited- 
area in - North CYailtal Texas. 

■ Yields' of Frisco- in comparison with other ' commercial 
varieties at several Texa.s stations are given in falde 2. 

; CONCHO, (Reg. No, 351) 

Concht^ wheat ((21, l25r'H was diAc!i>|H:il in* the (.)kla- 
homa Agricultural Fxperinieul Stahfm and tlu,: I'ieid ('a*ops 
Research-, Branch, Agficulltiral llcsearcli ;Scrv-iet*, IJ. S.- 
Department of Agrkulture. trom the ir<>%s (iunanthe X 
Black h 111 I-Hard Federal ictn. li was bred and kitruiku:ed by 
A. M. Schlehiibcr. 

Average yields c)f Concho and the ihrce %‘arieties-”- 
Triumph, Pawnee, and Comanche most widely grown in 
Oklahoma and tested during all ur a j’cirt of the period 
1949 to 1954 are shown in table 3. In the nursery tests 
grown at Stillwater, Woodward, and CJierokec for the 
entire 6-year period, Concho tmlyscdded Comanche by 4.B 
bushels and Pawnee by 6.7 bushels. In the variety test for 
17 station years grown ar (kuniwell in addition to the 
other 3 locations for 1950 and 1954, Ca>nchn outyielded 
Comanche, Pawnee, and Triumph by 4.7, 6.6, and 6.8 
bushels, respectively. In the State-wide Nurseries for the 
'period :-l 950..-: to T'954) CionchofsigfiM^^ . .outyielded: the - 

:;:other:TeGommended::yarieries,:ki:; .Ixkh^'westerrV'.aiidf eastern 
Oklahoma. For all tests in Oklahoma, including K8 station- 
-, -years,-: Concho- :has . yieMOetd: 6f - more ; than v GomanchC and ■ : 
2'2'9fc more than" Tawnee: ■ and ■ -Tri iimph'. :T.kmcll 0 ; ■ .hasgout- ■ ' 
•:yi:eIded^::othef:::feajimmendedk:yafieties- 
the state. 
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Table 3.— Comparative acre yields in bushels of Concho, Comanche, Pawnee, and Triumph in Oklahoma, 1949-54. 


Variety 

! Nursery te.sts* 

1 18 station 

years 

Variety tests f 
17 station 
years 

Experiment 
station tests J 
35 station 
years 

Western 
! Oklahoma § 

38 station 
years 

Eastern 
Oklahoma ^ 

15 station 
years 

Average of l 
i ail tests 

88 station 
years 

Percent of 
Comanche 
same 
years 


Ave. 

Rank 

Ave. 

Rank 

Ave. 

Rank 

Ave. 

Rank 

Ave. 

Rank 

Ave. 

Rank 


Concho 

BO. 4 

1 

27.7 

1 

29.1 

1 

26.3 

1 

26.9 

1 ■ 

27.5 

1 

116 

Comanche 

25.6 

. '2 

23.0 

2 

24.3 

2 

22.8 

■ 2 

25.1 

2 

23.8 ' 

2 

100 

Pawnee - 

23.7 

3 

21.1 

3 

22,4 

3 

22. S 

4 

21.8 

3 

22.3 

3 

94 

Triumph - . 


_ 

20.9 

4 ■ 

— 

— _ 

22.7 ^ 

3 

21.7 

4 

’ 

, 

94 


Uniform yield nurseries-: at Stillwater, Woodward, and Cherokee, 1949-1954. 
t Variet 3 ^ tests: at Stillwater, Woodward, Cherokee, and Goodwell, 1950-1954. 

Weighted average of variety tests and uniform yield nurseries. 

§ State-Wide nurseries: total of 12 locations, 1950-1954. 

1^ State-Wide nurseries: total of 7 locations, 1951-1954. 


Table 4. — Comparative test weights of Concho, Comanche, 
Pawnee, and Triumph in Oklahoma, 1949-54. 


Variety 

Nursery tests 
18 station 
years* 

Variety tests 
15 station 
years t 


Pounds 

Pounds 

Concho:.. . .. 

60.22 

60.81 

Comanche-:..-' 

58.70 

59.21 

Pawnee .. .. - - - - 

58.89 

58.89 

Triumph 


60.61 


Six yeans each at Stillwater, Woodward, and Cherokee, 1949-1954. 
t Fivcvyears each at Stillwater, Woodward, and Cherokee, 1930-1954. 
'.fi Triumph not grown in nursery tests in 1953 and 1954. 


Concho has produced grain of high test weight under 
most conditions. Comparative test weights are shown in 
table 4. In the nursery tests growm at Stillwater, Wood- 
ward, and Cherokee from 1949 through 1954, Concho 


exceeded Pawnee by 1.33 pounds per bushel and Comanche 
by 1,52 pounds. In the variety tests grown 5 years each 
(1950-54) at the 3 locations, Concho exceeded the test 
weight of Pawnee by 1.92 pounds, of Comanche by 1.60 
pounds, and of Triumph, a high test weight variety, by 

0. 20 pound. 

The data in table 5 show the reaction of Concho and 7 
other varieties to the major diseases encountered in Okla- 
homa. In most instances, Concho is more resistant than 
the other varieties now being grown, ^ 

LITERATURE CITATIONS 
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Table S.—The disease reaction of Concho compared with several other winter wheat varieties. 


Cheyenne . _ . 
Coman che._ 
Concho . - - . 

Pawnee 

Ponca 

RedChief .. . 
Triumph . .. 
Westar- „ .. 


Reaction to : 


Variety 

Leaf 

rust 

Stem 

rust 

Bunt 

Loose 

smut 

Yellow 

streak 

mosaic 

Soil- 

borne 

mosaic 

Leaf 

blotch 

Root 

rot 

■ 

VS* 

VS 

S 

■ 

VS 

VS 

MR 

VR 


s 

S 

VR 

MR 

VS 

R 

MR 

MR 


VR 

VS 

VR 

MR 

MT 

R 

MR 

MR 


S 1 

s ■ 

MR 

VR 

VS 

MS 

MS 

MS 


VR i 

S i 

S 

VR 

VS 

MS 

MR 

S 


VS 

vs 

VS 

VS 

VS 

VS 

R 

MS 


vs 

vs 

s 

VR 

MS 

VS 

VS 

S 

- - ■ 

VR 

vs 

s 

MR 

s 

R 

VS 

R 


VR -- Very re4stant; R Resistant; MR = Moderately resistant; VS = ^'ery susceptible; S — Susceptible; MS = Moderately susceptible; UT = Mnd- 
■:jrat£4y tolerant. ■. 



Registration of Varieties and Strains of Wheatgrass, II 

(Agropyron Spp.)' 


M. A. Hein“ 


T his is the second report on tlie registration of varieties 
and strains of wheatgrass (Agropyron spp.) according 
to the revised class ificatioir^ of forage crops for registra- 
tion purposes bp Field Crops Research Branch, Agricultural 
Research Service, U. S. Department of Agriculture and the 
American Society of Agronomy, The first report was pub- 
lished in 1951.'* 

NORDAN CRESTED WHEATC^RASS (Reg. No. 2) 

Nordan, a variety of standard crested wheatgrass, Agra- 
pyron desert oiwn (Fisch.) Schult. was developed coopera- 
tively at the Northern Great Plains Field Station, Mandan, 
N. Dak. by the Field Crops Research Branch, Agricultural 
Research Service, and the former Division of Nurseries, Soil 
Conservation Service. 

The original : selection for Nordan was made on the 
experiment station at Dickinson, N. Dak. in 1937. Vigor- 
ous, erect, leafy plants with large awnless seeds were then 
selected under open pollination during a period of two 
generations. Seed of seven plants from the best open pol- 
linated line resulting from these selections was bulked tor 
increase and yield tests. First yield data was collected in 
1944. Since that time ne%v tests have been established each 
year to compare it with commercial lots and strains of 
local origin or from other sources. It has been designated 
in past tests as Mandan 571. 

Nordan is similar in general appearance to commercial 
Standard but is quite different in a number of characteristics 
that made it more desirable than commercial. Plants are 
more uniform but variability is high enough to suggest a 

Regi.stfred under a cooperati\'e agreement between Field Crops 
Research Branch, A.R.S., U,S.D. A. and the American Society of 
Agnmomy. Received Sept. 17, 1953. 

"Principal Agronomist, Field Crops Research Brandi, A.R.S., 
U.S.D.A. Member of the 1955 Committee on Varietal Standard- 
ization and Registration charged \vith the registration of grass 
varieties. 

Report of the Committee an Varietal Standardization and 
Registration. Agron. Jour. 43:50. 1951. 

Myers, W. M. Registration of Varieties and Strains of Wheat- 
grass {Agropyron spp.) Agron. Jour. 43:239. 1951. 


wide range of adaptation. Most plants are erect and leafy 
and are less likely to lodge when grown for seed produc- 
tion. Heads are more uniform and compact than those of 
commercial and the seed is more uniform and higher in 
test weight and quality. There is also less awn which 
improves threshing, cleaning and drilling c|iialities. Seed- 
ling vigor of this new variety is superior with stands being 
established more uniformly and rapidly than those of 
commercial. 

Table l.~— Comparative seed ami forage yields of Nt^rdan and 
commercial Standard crested wheatgrass at Mandan, N. Dak. 


■ 

1951 

1952 

1953 j Average 


■ 

Ton.s of drv* 

forage pea* acre 

Nordan - 


2.85 

8.56 1 8.18 

Coniinercial Standard . : 


2.85 

8.42 1 8.14 


Foiinck' of seed per .acre 

Nordan - 4 .... : 

T4S 

482 

ri:!4 I .571 

Coinniercial Standard. j 

612 

861 

458 1 475 

1 


Seed and forage yields are as good or somewhat better 
than those of commercial Standard as shown in table 1. 
The primary Justification for the release of Nordan. how- 
ever, is its superiority in plant type, quality of seed, and 
seedling vigor which resuits in greater ease in handling 
and in establishing .stands. 

Another important characteristic of Nordan is its purity 
for the Standard type. Much of the commercial Standard 
now grown contains a mixture of Fairway whith has been 
found in many tests to be inferior. Since tins is the first 
distinct .strain of Standard to be releaseil for use in this 
cxaintry'a be 'one tvf ■ the few sources oi’ pure seed 

of the Standard type. 

' Foundation ■ seed is maintained ■ by the North Dakota 
Agricultural Experiment Station, and is available to com- 
mercial growers. Additional information on Nordan crested 
wheatgrass has been published. 

■ 4Rc)gler,, G. A. North Dakota- Agr. Bxp. Sta. Bimon. BiiL- Vol. 
XVTNo. -4, March-April, -1954. ' 





Registration of Varieties and Strains of Other Grasses, IF 

M. A. Hein^ 


T his is the second report on the registration of other 
grass varieties, Starr Millet was the first grass regis- 
tered under this classification.® 

GREEN STIFAGRASS (Reg. No. 2) 

Green stipagrass is an improved variety of green needle- 
grass {Stipd vmdrda Utm.) or feather bunchgrass as it is 
sometimes known. It was developed and released coopera- 
tively by the Field Crops Research Branch, Agricultural 
Research Service, the former Division of Nurseries, Soil 
Conservation Service, U. S. Department of Agriculture, and 
the North Dakota Agricultural Experiment Station. 

This highly uniform variety traces to a single plant 
selection made in a bulked lot of seed collected from a 
native stand near Mandan, N. Dak., in 1935. Since all 
plants in the field collection were highly self fertilized, 
selections were continued on a pure line basis for two 
generations. The line with the largest most vigorous plants 
was selected for increase and testing. 

Green stipagrass is superior to a large number of field 
collections made throughout the Great Plains area and 
tested at Mandan. Its superiority consists primarily of 
greater vigor and increased forage yields. It is also more 

‘ Registered under a cooperative agreement between the Field 
Crops "Research Branch, A.R.S., U.S.D.A. and the American Soci- 
ety of Agronomy. Received Sept. 17, 1955, 

“ Principal Agronomist, Field Crops Research Branch, A.R.S., 
U.S.D.A. Member of the 1955 Committee on Varietal Standardiza- 
tion and Registration charged with the registration of grass vari- 
eties. 

'‘Hein, M. A. Registration of Varieties and Strains of Pearl 
Millet (Pennisetum ghmcam (L.) R. Br.) Agron. Jour. 45:573- 
1953. 


Table L — Forage yiekis of green stipagrass in comparison to 
tht^se of a held collection of green neecUegrass and to 
standard crested wheatgrass at Mandan, No. Dak. 



Tons of dry forage per acre 


1947 

1948 

1949 

Ave. 

Green stipagrass . - — . - - 

0.34 

1.16 

1.85 

1.12 

Green needlegrass (field 

eolleetion'i - - ^ 

0.26 

0.99 

1.63 

0.96 

Standard crested wheatgrass 

0.12 

0.51 

1.30 

0.64 


leafy and erect than many other strains. Observations made 
at Akron, Colo., and Albutperque, N. Mex., showed it 
to be well adapted at these locations. It has also been 
reported to do well as far north as Saskatoon, Saskatchewan. 

This grass has been one of the highest yielding cool- 
season grasses tested at Mandan. Comparative forage yields 
with crested wheatgrass and with a general field collection 
of green needlegrass are given in table 1. Seed yields of 
green stipagrass when grown in rows are high, often well 
above 500 pounds per acre. When grown as hay or pasture, 
regfowth is rapid after defoliation. Both hay and pasture 
are palatable and nutritious. 

Seedling vigor is excellent and seed can be planted at 
a greater depth than that of many other grasses. The seed- 
lings are stiff and erect with the ability to withstand con- 
siderable abuse from soil blowing or grasshopper attacks. ' 
New seed is relatively dormant, ordinarily germinating less 
than 20%. This dormancy can be overcome by moist chill- 
ing before planting or by holding the seed in storage for 
a period of at least 3 years. Viability holds up well for 
10 years or more. When new seed is used, fail plantings 
are recommended so that natural freezing and thawing will 
break the dormancy and result in spring establishment 

Green stipagrass was first released in 1946, Commercial 
sources of seed are now available. Additional information 
on the characteristics of this grass have been published.*^ 

TUALATIN TALL OATGRASS (Reg. No. 3) 

Tualatin, a selection from common tall oatgrass (^Arrhen- 
citherum elat'ms (L.) Presl.) was developed at the Oregon 
Agricultural Experiment Station, in cooperation with Field 
Crops Research Branch, Agricultural Research Service, U. S. 
Department of Agriculture. The first selections were made 
in 1930 in an attempt to develop a strain for non-shattering 
seed characteristics. 

Tualatin is leafier, finer stemmed, not quite as tall, and 
about 10 days later in heading than common tali oatgrass. 
it is highly resistant to head smut which readily attacks 
the commercial type. Forage yields are equal under compar- 
able growing conditions, and seed yields considerably higher 
due to its resistance to shattering, than common tall 
oatgrass. 

* Rogler, George A, Two new grasses, Mandan wildrye and green 
stipagrass, North Dakota Agr. Exp. Sta. Bimon. Bui. 8:11-12. 
1946. 


2. Comparative forage and seed yields of Tualatin and common tall oatgrass at Corvallis, Oreg. 


Varieties 

1938 

1939 

1940 

1941 

4 yr. Ave. 

1961 

1952 

1953 

3 yr, Ave. 

Tualatin .. 

Common ~ ^ . - - - 

.;;'2.36 v: 

500 

285 

[ 1.94 1 
1 1,86 1 

467 

130 

' 1.07 1 

367 

165 

Tons c 
1.41 1 

Poui 

293 

130 

Iry forage p( 
1 1.74 1 

I:;;": 1.63:; J 

ids seed per 
407 

175 

sr acre 

1 2.94 1 3.36 1 
, 3.04 1 3.45 1 

2.11 1 
1.77 1 

363 

259 

2.80 
, 2.75 

480 

323 

Tualatin 

Common . - 

acre 

583 

282 

493 

428 



547 



Under favorable conditions, it is a long-lived perennial, 
has a bunch type growth, from 4 to 6 feet in height, quite 
leafy at the base. Leaves are medium coanse as are the stems 
or stalks. The heads are usually somewhat more compact 
than those of the common tall oatgrass. Forage and seed 
yield data comparing Tualatin and common tall oatgrass 
are presented in table 2. 


Seed of Tualatin tall oatgrass was first divStributed in 1940 
and is commercially grown. Additional information on 
Tualatin tall oatgrass has been published.’*’*^*" 

^TJ.S.D.A. Yearbook of Agriculture, p. 1053,, 193?.. 

U.vS.D. A. "Grass'' Yearbook of Agriculture, p. 654, 19-iS. 

' Hiifenrichter, A. L., Mullen, L. A., and Brown, R. L, U.S.D.A. 
Misc. Pub. No. 678, p. 6. 


Book Keviews 


RADIOISOTOPES IN BIOLOGY AND AGRICULTURE 
Ptiaciples and Practice 

By C. L. New York, McCraie-H HI Book Co,, hw,, 

481 pp, ms. S9M}. 

This is an admirable volume containing a wealth of infonna- 
tion and advice for those investigators in biology or the agncul' 
tural sciences Avho may be considering eKpenmentution involving 
radioisotopes. The author take a realistic viewpoint. He is^ not 
an evangelist advocating the adoption of radioisotope technique-s 
as the panacea for ail investigational difficulties in these fields. 
Through examples drawn from diverse fields he has attempted to 
explain the advantages and disadvantages inherent in the use of 
radioisotopes, their possibilities and their limitations. Later chap* 
ters deal Nvith such topics as the practical problems of health 
physics, the facilities required for work with plants and animals, 
the characteristics of selected isotopes most likely to be useful 
in biological studies, autoradiography, radioactivation analysis, 
and ancillary methods such as paper chromatography and ion ex- 
change. The book concludes with a glossary of selected terms in 
nuclear science and a summary of radioisotope preparations avail- 
able from the Oak Ridge National Laboratory. 

The book is somewhat uneven with respect to details of pro- 
cedures, and the reasons for the author’s choice of procedures 
described fully are not always apparent. In many cases it is prob- 
able that the selection was somewhat arbitrary, but in keeping with 
the objective of supplying sufficient illustrative examples so that 
an investigator can dtat^miine the , suitability of a particular pro- 
cedure to his particular problem arul if it is within the scope 
of his facilities and experience. Applications in soil science and 
plant physiology are perhaps less well covered than those in some 
other areas. Even so, this book should be of great value to .soil 
and crop scientist.^ contemplating work involving radioisotopes, 
and particularly if their problems lead them beyond tlie rather 
well-worn paths of Pv—~A. G. Norman. 

CLIMATES IN MINIATURE 


tions of Professor Bailey's work which are representative of the 
breadth and depth of his scientific interests, and also to make 
better known among students of plant life the many facets of his 
personality as a botanist and as a scientist", Tlie book is essen- 
tially a selection of the published papers of tlie autijor made by 
the author himself and "arranged to illustrate successive attenipts 
between 1909'"1953 to bridge gaps between Plant Anatomy and 
other fields of scientific endeavor". 

The 20 chapters of the book, each a publi.shed paper of the 
author, are grouped into 8 parts, nainely, L Cytology and Ontogeny, 
IL Biochemistry and Biopliysics, HL Piiylogeny, IV, Taxonomy, 'V, 
Entomology, VI, Paleobotany, VIL Wood Teclintdogy, and VIII, 
Cooperation in Scientific Research. There is a hihliography con- 
.sisting of 113 of the author's papers publislied between 1909 
and 1953. There is also a fi-fxige list of references to the work 
of others, ;m index of plants and animals, as wdl as an author 
index and a .subject index. 

The \'oi ume will stand as a permanent monument to Profe.s.sor 
Bailey although it represents only a very small part of the excel- 
lent contributions of the author to plant anatomy.— H. W. Popp. 

MENTION' . 

Tke New Gfetsslatui-lJtestock Harkihook, 1955 revision by the 
Joint Committee on Grassland Farming, Norman, Okla., the Uni- 
ver.sity of Oklahoma Press. More than 50 specialists from state 
experiment stations, cooperating pn^fesstonal organizations, and 
industries serving agriculture have contributed to this liandbt)ok. 
Its 4 »8 pages cover the following topics; Grassland for long profits, 
establishing a grassland program, pasture: foundation of the 
grassland program; hay, grass silage, crop processing containers 
and storage Structures, anti machinery. 

The Roie of Or^ank MaHer k Soil IHrtHm, hs N, R. Dhar, 
Institute of Microbiology, Uppsala, Swe^den, now oi Allahabad 
University, India. Reprint from ‘Lhe Annals of the Royal Agri- 
cultural College of Sweden, Vol. 21. 



iJy T, Bedford Brdnklhi. N'ete' York, PhHosopMeai Library, i?ic. 

137 pages. Him. 195S. $SHS. 

This small book is primarily a record of observations and 
results of experiments by the author in his garden during most 
of his life. He emphasizes the temperature component of micro- 
climate in relation to habitat of some common plants, insects, and 
animals. The book is hot intended as a scientific treatise on micro- 
climate but rather as an introduction to an interesting hobby. The 
author disclaims professional competence in the subject but it is 
obvious that he is familiar with some of the literature, has keen 
powers of observation and an inclination to experiment. Agrono- 
mists will find the book interesting and .stimulating even though 
they might be unwilling to accept some of the author’s conclu- 
sions. — R. J. Garber. 

CONTRIBUTIONS TO PLANT ANATOMY 

By Irving W, Bailey, Wdibrnn, Mass,, Chronica Botmiica Co, Netv 

York, Stechert-Haffmr, (Volume IS of Chronica BaUmka) 
XXV + 260 pp. frontisp. and 23 plates. 19S4, $7 JO, 

As stated in an introductory biographical sketch of Professor 
Bailey by Blso S. Barghoorn, ’'it is the purpose of this volume to 
draw together and to make more readily accessible certain seiec- 


A Simplified Handbook on Soih, PhrMphates, and 'Mixed fVr- 
Hlizers, by Vincent Sauchelli, Director, Agrkultura} Research, 
Davison Chemical Co., Division of W. R Grate Sc Co., published 
by the company, Baltimore, Md. This 32'pagt brtK:hiire deals with 
fertilizer chemistry in lay terms and is designed to give in simple, 
non-technical language practical information on soil fertility and 
crop nutrition. Included are soil moisture supply, crop water 
requirements, ho\v plants feed, chemical fertiiii'er.s, plant con- 
stituents, plant nutrients, humus, soil amendments, trace elements, 
use of fertilizers, and other topics. 

Manual of Plant Breeding (Handbuch dcr Ihlanzenzikhtung) in 
German, Berlin and Hamburg, Verlag Paul Perey. The lirst monthly 
issue of this second edition of tlie standard wt)rk appeared in June 
1955. It will be published in six volume.s: L Principles of Plant 
Breeding; 11, Breeding of Cereals; III, Bulbous and Rcu^t Crops; 
iV, Forage Crops; V, Special Crops; and VI, Fruit, Vegetable, 
Vines, and Forest Tree Plants, H. K. Hayes, University t)f Minne- 
sota, assisted the editors in .soliciting Uk S. contributors among 
whom are the following: 

Vol. n, Cereal Breeding— E. R. Ausernus, F. A. Coffman, J. G. 
Martin, E. A, Seans; Vol, IV, Forage Crt^p Breeding— W. M. 
Myer.s; Vol. V, Special Craps^-ti\ H. Goodspml, Fi. W. John- 
son, Kenneth Keller, and W. D. Vallcau, 



Agronomic Affairs 


Mr, Johnston proposed the organization of the Council in 1938, 
and by 1941 all segments of the industry— -producers, ginners, cot- 
tonseed crushers, warehousemen, merchants, and spinners— had 
joined the organization. He served as president from 1939 to 1948. 
An attorney and a banker, Mr. Johnston also supervised the opera- 
tion of the Delta and Pine Land Co., Scott, Miss., one of the 
world’s largest plantations. He served with the USDA Agricul- 
tural Adjustment Administration and Commodity Credit Corpora- 
tion in 1933 and 1934. 

HOMER TISDALE DIES IN ALABAMA 

Homer B. Tisdale, a veteran of 42 years’ service at Alabama 
Polytechnic Institute, died at Auburn Oct. 19 following a heart 


. MEETINGS 

Nov. 3t>“-“Jc)int Committee on Grassland Farming collaborating 
with the Entomological Society of America, Cincinnati, 
Ohio. 

Dec. 5 — North-central Weed Control Conference, Omaha, Nebr. 

Dec. 5-7 — Agricultural Ammonia Institute, Kansas City, Mo. 

I>ec. — First annual Beitwide Cotton Production Confer- 

ence, Memphis, Tenn. 

r>ec. 26-31 — National As.sodation for the Advancement of Sci- 
ence, Atlanta, Ga. 

Dec. 28-30— American Phytopathological Society, Atlanta, Ga. 

Jan. 4-6 — Weed Society of America, charter meeting, New 
York, N. Y. 


Jan. 16-18 — Southern Weed Conference, Ne%v Orleans, La. 

Feb. 6-8— Southern Branch, American Society of Agronomy, 
meeting with the Southern Agricultural Workers 53rd an- 
nual meeting, Atlanta, Ga. 

Feb. 15-17— We.s tern Weed Control Conference, Sacramento, 
Calif. 

Mar. 5-7— Midwest Regional Turf Conference, Lafayette, Ind. 

SOUTHERN BRANCH MEETS FEB. 6-8 AT ATLANTA 

Jan. 1 is the deadline for submitting abstracts of papers to be 
presented at the annual meeting of the Southern Branch of tlie 
American Society of Agronomy. The branch will meet as the 
Agronomy Section of the Association of Southern Agricultural 
Workers Feb. 6-8 in the Atlanta Biltmore Hotel, Atlanta, Ga. 

Three copies of the abstract .should be forwarded directly to 
W. E. CoLWEij., branch secretary, at the agronomy department. 
North Carolina State College. 

Officers of the Southern Branch are Fred H. Hull, LFniversity 
of Florida, president; J. Fielding Reed, American Potash Insti- 
tute, Atlanta, vice president and chairman of soils; John Gray, 
Louisiana State University, chairman of crops; and W. E. Col- 
well, secretary. 


attack earlier in the day. 

The 65 -year-old plant breeder contributed greatly to Alabama 
agriculture by his development of new crop strains bred to Ala- 
bama conditions. His early years included breeding work with 
cotton, corn, oats, legumes, and sweet potatoes. Devoting full 
time to cotton breeding in later years, Mr. Tisdale developed sev- 
eral Cook strains, among them being No. l44 and No. 304, 
which become ’widely accepted. He played a major role in plan- 
ning and initiating the Erst one variety community cotton improve- 
ment association. In 1952, the Experiment Station released Auburn 
56, considered to be his greate.st contribution to the cotton grower. 

A native of Alabama, Mr. Tisdale entered Alabama Polytechnic 
Institute as a sophomore in 1908 following graduation from a 
district agricultural school at Evergreen, and received his B.S. 
degree in 1911. After teaching school a year at Hamilton, Ala., 
he" returned to Auburn to enter the School of Agriculture, receiv- 
ing his B.S, degree in 1913. Two years later he received the M.S. 
degree. He did graduate work at Cornell University, returning to 

Auburn in 1917. ^ i c 

Sumving are his widows two daughters, Mrs. Ben Suttle or 
Washington, D. C., and Mrs, Charles Flowers of Atmore, Ala.; 
and a son, Homer B. Jr., a student , of Alabama Polytechnic Insti- 
tute. 



WADLEIGH NAMED CHIEF OF SWCRB 

C. H. Wadleigh is the new chief of the USDA Soil and Water 
Conservation Research Branch, Byron T. Shaw, ARS administrator, 
has announced. 

Prior to his appointiiient. Dr. Wadleigh had served as head 
of the Section of Soil and Plant Relations since the section was 
established in 1954. He previously was with the U. S. Salinity 
Laboratory. Riverside, Calif., and from 1951 to 1954 he was head 
of the Division of Sugar Plant Investigations at Beltsville, 

Dr. Wadleigh is a native of Gilbertsville, Mass., and a graduate 
t»f tlie University of Massachusetts. He has a M.S. degree in 
horticulture from Ohio State University and the Ph.D. degree in 
plant physi(>logy from Rutgers University. He was a member of 
the agronomy staff of the University of Arkansas for 5 years prior 
to his employment with USDA. 

ERIC WINTERS IS TENNESSEE ASSOCIATE DIRECTOR 

Eric W’inti’RS, head of the agronomy department at the Llni- 
\ersity of Tennessee since 1945, has been appointed associate direc- 


W. H. MACINTIRE RETIRES FROM TENNESSEE STAFF 

W. H. MacIntire retired in August following 43 years at the 
University of Tennessee agricultural experiment station. He served 
for many years as head of the station’s chemistry department. 

Dr. MacIntire is a native of North Carolina and has degree.s 
from North Carolina State College, Pennsylvania State University, 
Cornell University, and Clemson College. 

Under his leadership, a program of fertilizer development, with 
emphasis on phosphate, reached its greatest progress at the Ten- 
nessee station in cooperation with TVA. He has done extensive 
work with fluorine in soils, w^ater, vegetation, and atmosphere. 
Dr. MacIntire is a Fellow of the American Society of Agronomy. 

TWO WYOMING AGRONOMISTS RESIGN 

At the University of Wyoming, William F. Spencer, agrono- 
mist and soil scientist, resigned Oct. 24 to become project leader 
in charge of soil and water management research at the South- 
western Irrigation Field Station, Brawley, Calif. On Dec 2 Jesse 
L. Mellor, agronomist in charge of soils teaching and research 
at Wyoming, will resign to join the Olin Mathieson Chemical Co. 








tor of the Tennessee experiment station. Dr. Winters is editor-in- 
chief of the StiH Sfkiice Society of America Proceedings. Pie suc- 
ceeds John A. Ewing, who is now senior vice dean and senior 
vice director of the college of agriculture, the experiment .station 
and the extension service at the University of Tennessee. 

Prof. La\(RKNCH N. Skold, associate professor of agronomy, is 
ser\ing as acting head of the agronomy department. 

Dr. Winters is a native of Illinois and has been with the 
Tennessee agronomy department since 1938. Prof. Skold, who has 
been with the department since 1947, is completing work for 
the Ph.D. degree at the University of Minnesota. 


INDIAN STUDENT SOCIETY ELECTS OFFICERS 

New officers of the student Agronomy Society of the Allahabad 
(India) Agricultural Institute are announced as follows:^ 

B N, Gangopadhya, president; S. N. Bhargava, vice presi- 
dent* B S. Tiwari, treasurer; M. C. Lodha, secretary; and 
N. i R. N. Dey, staff adviser. B. N. Bangopadhya was first 
prize winner of the society’s essay contest last year,^ writing on 
the subject, '*What Agronomic Science Can Do for India.” 

SORBONNE IS SITE OF 1956 SOIL SCIENCE CONGRESS 

Meetings of the 6th Congress of the International Society of 
Soil Science will take place at the Sorbonne in Pans, France, Aug. 
20 to Sept. 8, 1956, according to A. Oudin, chairman of the orpn- 
izing committee of the society. During the Congress there will be a 
1-day excursion into the Paris region. Several 1-week excursions to 
run simultaneously are also being planned to different places in 
France. 


FIRST PRESIDENT OF COTTON COUNCIL DIES 

Oscar Iohnston, 75, founder and first president of the National 
■>tton Council, died Oct. 3 at Greenville, Miss. He died 15 days 
■fore the dedication of the Oscar Johnston Cotton Foundation 
iiiding at Memphis, Tenn., the new headquarter.s of the National 
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O. R. MATHEWS RETIRES 

Oscar R. Mathews retired Sept. 30 after more than 46 years 
of service in the USD A, At the time of his retirement he was 
with the Western Soil and Water Management Section of the 
SWCRB at BeltsvilleLMd. 

Following his retirement, Mr. Mathews accepted a 1 -year assign- 
ment effective Oct 21 with the Medierdah Valley Commission 
to serve as consultant for the development of the Medjerdah Val- 
ley in Tunisia. He is stationed at Turns. 

NEWS ITEMS 

Victor L. Sheldon, formerly assistant professor of soils at the 
University of Missouri, has joined the agronomy staff of Olin 
Mathieson Chemical Corp, as agronomist for the company’s north 
central district at St Louis, Mo. Lee R, Hansen has been named 
sales supervisor of the Pacific Northwest area for Western Fer- 
tilizer Division of Olin Mathieson with headquarters at Portland, 
Oreg. 

___A ■ . 

Loren L. Davis, former University of California extension 
agronomist at Davis, is on leave as ICA crop production advisor 

to the government of India at New Delhi. 

' 

John W. Brown, soil chemist of the U. uS. Salinity Laboratory. 
Riverside, Calif., is on 2-year leave with the Institute of Inter- 
American Affairs and the Servido Interamericano de Cooperadon 
Agricola en Panama to organize and supervise the operation of a 
soil laboratory to implement programs in soil survey, fertility, and 
management. 

' 4" ■ ■ .......A ■ ■ ' 

PRVCE B, Gibson has moved from Alabama Polytechnic Insti- 
tute, where he was associate plant breeder and associate professor 
of agronomy, to Glemson Agricultural College, Clemson, S. C., as 
geneticist with the USD A Forage and Range Section. He is work- 
ing on improvement of perennial clovers with emphasis on white 
clover. 

■ . „A.„.„:'- 

The Nitrogen Division of Allied Chemical and Dye Corp, an- 
nounces the appointment of Malcolm E. Hunter as assistant to 
the president, and Walter $. Colvin as director of agricultural 
sales. . 

Paul A. Fkyxell transferred recently from New Mexico A Sc M 
College to the University of Wichita (Kans.) as assistant pro- 
fes.sor of genetics and botany. ^ 

Roland Loiselle has joined the Cereal Crops Division of the 
Canada Department of Agriculture as assistant barley breeder at 
the Ottawa laboratory. He obtained his B.Sc. (Agr.) and M.Sc. 
degrees from McGill University, and his ?h.D. degree (1955) 
from the University of Wisconsin. 

R. R. Bruce, soil physicist at the University of Illinois, is now 
with the agronomy department at Mississippi State College. 


Recent promotions on the Universit}’' of Wyoming faculty are 
Alan A. Beetle, range management, professor; Rdbbiit P. 
Pfiefer, small grains, assodate professor; and George H. Bridg- 
MON, assistant director, associate professor. 

' , „A„ 

Joseph J. Pierre, former Illinois State Conservationist, has been 
promoted to the position of SCS field agronomist for the nine corn 
belt .states. His headquarters will be the University of Illinois 
agronomy department. 



George Zimmerman, Rapid City, S. Dak., has been appointed 
assistant state weed supervisor for western South Dakota. 

Arvid B. Hagen, Murray county agent at Slayton, Minn., since 
1939, has been named supervisor of the new southwest district of 
the University of Minnesota's Agricultural Extension Service. 



Robert D. Grover, 1949 graduate of Oklahoma A and M Col- 
lege in Agronomy, is the new representative of the U.S. Indian 
Bureau field service at the sub-agency in Shawnee, Okla. 

^A_ . 

John E. Baylor, associate extension specialist in farm crops 
at 'Rutgers University, began a 2-year leave of absence on Sept, t 
for study toward the Ph.D, degree at the agronomy department 
of Pennsylvania State University. 

. ' _A_'' 

Robert W. Duell has been selected to continue the research 
program in pastures and forage crop.s for thorouglrbred horses at 
the New Jersey experiment station which had been conducted by 
Harold W. Gausman, The latter’s transfer to the University of 
Maine was announced in the October issue. 

■ ■■ .........A_ , 


Gene Spain, formerly research assistant in agronosny iU the 
University of Wisconsin, is now an agronomy instructor at lexas 
Technological College, Lubbock, Tex., teaching a freshman course 
in agronomy, as well as a course in soils and an advanced cxnirse 


in range management. 



J. J, Curtis returned Sept. 6 to his position as agricultural 
technologist at the Northern Utilization Branch, ARS, USDA, 
Peoria, llL He had spent the previous 2 years on leave of absence 
a.s agriculturist with the IJ. S. Operations mission to Afghanistan 
with headquarters at Lashkari Bazaar. 


Lester Smith, Purdue Univensity extensicm agmnooiist, has 
returned to his duties following a long recuperation from serious 
injuries .sustained in an automobile accident last summer. He was 
extension agronomist in V ermont before transferring to Purdue a 
year ago.; ■ . ' 

PERSONNEL SERVICH 

Insertions accepted without charge from members L>f the 
American Society of Agronomy, For others, the charge is $2.(|0, 
Insertions are for 1-time only. Please limit to IGO vvorcls. 


Lee S. Stith, who was assistant cotton breeder at Texas A & M 
College, is now at the University of Arizona, Tucson, as assistant 
plant breeder in charge of the state’s sorghum breeding program. 
He completed work for the Ph.D. degree in plant breeding at 
Iowa State College in March, 1955. 


■ v;pOsmONS WANTED ■ ' 

Re.search and Consulting AGRONOMIST seeks wore possibili- 
tie.s to .solve difficult prohktn.s. University and indu.stfial experi- 
ence includes: college teaching, laboratory, gfeenhouse, and field 
work, improvement of application practices, extension, and advis- 


Lincoln Taylor has joined the agronomy staff of Virginia 
Polytechnic In.stitute as agronomy professor in charge of orchard- 
grass breeding. A recent grant of |200,000 from the Old Dominion 
Foundation has enabled VPI to enlarge its orchardgrass breeding 
project, T. J. Smith initiated the work which Dr. Taylor is now 
conducting. Dr, Taylor comes to VPI from the University of 
Maine. 

Darnell M. Whitt', research liaison representative for the 
ARS and SCS since April 1, has transferred from the LTniversity 
of Mis.souri .soils department to the University of Illinois soils 
department at Urbana. 

v; 4'v,4 :T:. :Vr':v 

Gecirge K. McCutcheon, formerly with the research and devel- 
opment department of the New Holland Machine Co., Is now 
at the product planning and programming office of the Ford 
Motor Co. tractor and implement division, Birmingham, Mich. In 
This position he maintains liaison between the company and research 
workers at Colleges and experiment stations. 




iSKiiiiiS 


ory activities, technical service to and promotion of sales; last 2 
years director of product development of small New Jensey corpo- 
ration formulating fertilizers and pesticides for horticultural use. 
Age 34, free to travel, speaking German, Italian, French, Spanish, 
practical farm work and management, broad training, European 
degrees: cand. rer. nat., Dipl. Agr., Dr. agr., 1 year study trip 
through USA in 1951. U-I 

B.$„ M,S. in agriculture 1952, 1913, Ghio State University, 
majors in agronomy and animal science with graduate fellow.ship, 
interested in agronomic .service or technical work primarily, also 
interested in management, production, or sales. Gnuluate research 
at Ohio Agr. Exp. Sta. in animal science. Some teaching expe- 
rience as graduate a.s.sistiint. Farm background and practical expe- 
rierjee. Would welcome inquiries from uw>’ companies dealing in 
agricultural products (seed, fertilizer, herbicides, etc.) or active in 
research. At present on active duty in US Army, to he discharged 
Feb. 10, 1956. ll».2 
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MATERIALS AND METHODS 

Atmospheric moistures and air temperatures reported here were 
measured at State College, Pa/‘ during 1952, 1953, and 1954 
above a good Kentucky bluegrass sod maintained at a height of 
about 11/2 inches. The psychrometfic elements were those used by 
industry for the control of humidities in textile mills and factories. 
This element, called a '’dewceU”, consists of a glass-wool, sheath- 
like wick saturated with lithium chloride that surrounds a resistance 
thermometer sealed in a metal tube. Wound around the outside 
of the glass wick are 2 parallel gold wires about a millimeter 
apart and supplied with about 40 volts a.c. current The lithium 
chloride in the wick, being hygroscopic, absorbs moisture from the 
air and then becomes a conductor of electricity. The current passing 
through it heats the wick and maintains a temperature in equilib- 
rium with the moisture content of the air. This temperature, meas- 
ured by the resistance thermometer, is an indication of the amount 
of moisture in the air. Temperatures of the ’'dewcell” have been 
calibrated to indicate the temperature of the de\vpoint---the tem- 
perature at which the sample of air would be saturated with water. 

"Dewceils’* were placed at heights of II/ 2 , 3, 6, and 60 inches 
above the Kentucky bluegrass .sod about 100 feet from the Labo- 
ratory building. Lead-in cables from these elements and also from 
resistance thermometers to measure air temperatures were run into 
the Laboratory building for automatic recording. A time-switch was 
used to operate the recorder for 15 -minute periods at predetermined 
intervals during each day. These readings from April 1, 1952 to 
Oct. 31, 1954 were taken at the even hours from 6 a.m. to 6 p.m. 
E. S. T. and at 3-hour intervals during the night. Only data 
obtained from April through October will be reported here. 

The air and dew'point temperature records were tabulated and 
averaged in the usual manner of days, weeks, and monthvS, except 
that the monthly means refer to the 4- or 5-’sveek periods as 
used in the solar and sky radiation reports of the U. S, Weather 
Bureau. ■ 

RESULTS AND DISCUSSION , 

Atmospheric moisture geiierally decreased with height. 
Dry air is the result of cold polar air moving into temperate 
regions, or it may be the result of moist warm air passing 
over high mountains. The source of water is at ground 
level, either as a body of water or growing vegetation, and 
it would be expected that a rapidly increasing moisture 
gradient would occur even within the microclimate as the 
water surface is approached. 

Dewpoint Temperature 

Measurements of dewpoint temperatures throughout the 
day above a Kentucky bluegrass sod on clear and cloudy 
midsummer days (figure 1) were determined at 4 heights 
from 1^2 to 60 inches. These data indicate that: (1) the 
moisture content of the air is greatest near ground level; 
(2) the most rapid changes in dewpoint temperatures are 
in the 6-inch zone immediately above ground; (3) the ver- 
tical gradients of dewpoint temperatures are more pro- 


ATMOSPHERIC moisture commonly thought of in terms 
relative humidity is an important climatic factor in 
agricultural production. The effect of moisture in the envi- 
ronment has been especially emphasized in the analysis of 
plant disease and hay-making problems. Most of the data 
reported in studies on moisture content of air over experi- 
mental field plots are taken by instruments located at about 
shoulder height, the standard location generally recom- 
mended by the U. S. Weather Bureau. Ait temperatures 
5 feet or more above ground level may be similar over 
an area of several square miles but within a few inches 
of the ground surface (the microclimate), air temperatures 
(1, 3, 4) may vary widely within even small areas. Atmos- 
pheric moisture relationships also vary with the location. 

Relative humidity is even more variable than tempera- 
ture because it involves the amount of moisture in the air 
in addition to its temperature. By definition, relative humid- 
ity is the ratio, in percent, of the vapor pressure of water 
in a parcel of air to the va.por pressure that it would have 
if it were saturated. Since this latter varies with tempera- 
ture, relative humidity may remain constant even when 
the amount of water in the air increases or decreases. The 
temperatufe at which the relative humidity occurs must 
be considered. A cc^bination of these factors may be 
expressed as the vapor pressure deficit. Numerically, this 
is the difference between the vapor pressure of air and that 
air saturated. This provides a valid comparison of poten- 
tial evaporation at different locations and at different times 
irrespective of temperature. 

In this study, dewpoint and air temperatures were simul- 
taneously determined at the same places, and relative 
humidities and vapor pressure deficits were computed for 
time and location. ^ ^ ^ 

Moisture in the air is frequently considered as originat- 
ing mainly from bodies of water such as lakes, rivers, or 
the oGean. While Water is obtained from these sources, 
extensive evaporation occurs over land areas from plant 
foliage and from soils that are normally high in moisture 
or that are wet from rain. 

Since vegetation is one of the primary sources, the mois- 
ture content of air was investigated at several heights in 
the microclimate above a grass sward. Specifically, the objec- 
tives of this experiment were: (IJ to determine seasonal 
and diurnal variations in dewpoint and air temperatures 
near a grass sod, and (2) to compare them with similar 
individual and average relationships obtained at the stand- 
ard height of a U. S. Weather Bureau shelter. 


^ Contribution No. 145 of the U. S. Regional Pasture Research 
Laboratory, Field Crops Research Branch, A.R.S., U.S.D.A,, Pa., 
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Lari^est avt^Tage daily rariges in dcwpiTint teinperatures 
occur near ground level and die smallest ranges occur at 
the 60dsich height. At this heightgat the time of maxinium 
air temperatures, dewpoint temperatures averaged lower for 
each month during the growing season ( April -October ) 
than at localhms chaser to the ground. At the time ol mini- 
mum temperatures, ho\ve\ci% dewpoints averaged higher 
with increasing distaine ahene the ground. Lmver dewpoint 
temperature near ground level may ha\'e been partially 
caused by the removal of moisture fmm the air by con- 
densation on plant leaves whose surfaces were first to cool 
below the dew-point. Air temperatures determined at several 
heights above the ground and over a grass sod follow'ed 
the previously reported (3, -4) pattern of higher daily 
aiaximum temperatures and lower daily ininimuni tem- 
peratures near the ground level than at the 60-inch height 
(,figure\2). . ■: ' 

Diurnal changes in atmospheric moisture on clear and 
cloudy mid-summer days differ with height. Air tempera- 
tures and the amounts t>f water in the air (indicated by 
the dewpoints), as well as tlieir interielation (va[:>or 
pressure deficits and relative humidities), vary wdth the time 
i>f day and also with the height above ground level. Air 
temjTeratures on both clear and cloudv days usu«illy increase 
from sunrise to mid-day; they then begin to decrease and 
reach their minimum just before sunrise. 

Dewpoint temperatures D/? inches above ground level 
follow a pattern similar to that shown by air temperatures. 
Sixty inches above ground, the diurnal variation in dew- 
point temperatures is small and the moisture in the air is 
generally greater on cloudy days than on clear days (fig- 
ure 3). These relationships follow from the fretjuent pres- 
ence of a humid air mass that originated in warm areas 
with extensive vegetative ground cove-r or free water. The 
lower moisture content of the air on clear days usually 
results from the influx of a mass of polar air containing 
less moisture. 

On clear days from sunrise to sunet, dewpoint tempera- 
tures near ground level follow a pattern similar to that of 
the air temperature. The inversion of air temperatures 
wdiich occurs during the night is not accompanied, however, 
by an inversion of dewpoint temperatures. During the day- 
time, radiant energy from the sun ex^aporates water from 
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Fig. 2. — Atmospijeric teiiipernture and moisture characteristics at 
4 heii^hts (1(6^ 3. 6, and 60 inches) above a Kentucky blue- 
Cirass soil during April to October inclusive at State Coik^ge, Pa. 
These data are monthly averages of daily detenu inations, 19^2- 
inclusive. 


Fig. 1. — Chanicteristk vertical \;iriation of average dewpoint tenv 

penitures during 2-i hours above a Kentucky blucgruss .sod: 

7 cloudy days (top), 12 clear days (bottom) during ^lidy 1952. 

(Approximate sunrise 4:45 a.ni,, sunset 7:30 paiL E. S, 'f.). 

nounced on clear days than cloudy days; and /4'/ the larg- 
est gradients occur behveen 10 a.m. and 2 pan., coincident 
with the time of greatest radiation from the .sun. 

Radiant energy, during the day, increases temperatures 
of soil and plant surfaces, and this increases the amount 
of water evaporated from these surfaces and that trans- 
pired by plants. The air also is heated and an unstable 
condition exists. The warm air tends to rise and carrie.s the 
moisture with it. This is particularly evident at the DA 
to 3-inch heights and to a lesser extent at tlie 6- inch height 
and above. On cloudy days, dewpoints are generally tlio.stf 
that have moved in from the humid Gulf Slates, whereas 
the air masses present oii clear day.s have come from the 
polar region and contain lesser amounts of water. In late 
afternoon, temperature and moisture gradients decrease and 
conditions become stable. During the night, temperature 
conditions remain stable and a gradual decrease in the 
dew-point is observed at increasing heights. Cooling of 
plant surfaces by out-going radiation at night, to below 
the dew-point temperatures, removes water from the air by 
condensation on the plant surfaces as dew. 

Daily readings of the dewpoints at maximum and mini- 
mum air temperatures were obtained during the months of 
April through October for the period 1952-54 inclusive. 
These are summarized as monthly averages for the heights 
of 11/2, 3, 6, and 60 inches above the ground over a 
Kentucky bluegrass sod (figure 2), It Is evident for all 
months that at, the time of daily maximum air temperatures 
dewpoint temperatures also are highest near ground level 
and become progressively lower with increasing height up 
to 60 inches. At the time of daily minimum air tempera- 
tures, dewpoint temperatures are lower and differences 
between dewpoints at the different heights (figure 2) are 
smaller than at the time of maximum temperatures. 
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Fig. 3. — Diurnal changes in dewpoint temperatures at 2 heights 
above ground over a bluegrass sod on clear days (average of 
12) and on cloudy days (average of 7), Jnly 1952. (Approxi- 
mate sunrise 4:4,5 a.m., sunset 7:30 p.m. E. S. T.), 

the ground surface and increases the transpiration rates of 
plants. Air warmed during the daytime rises and carries 
the water vapor with it. In the afternoon, air nearest the 
ground cools first, becomes heavier and tends to remain 
at ground level. The temperature of this cooler air fre- 
quently reaches the saturation j)oint and dew is formed, 
with some loss of atmospheric water. The result is a decrease 
of dewpoint temperatures at the height. Except 

during a fog or prolonged rain, air temperatures at the 
6()-inch height seldom reach the dewpoint. 

Vapor Pressure Deficit 

Moisture relationships of the air in this study are dis- 
cussed primarily on the basis of vapor pressure deficit. 
This is the difference between the saturation vapor pressure 
at the observed air and dewpoint temperatures. A range 
of such vapor pressures from 20 to 140° F. are reported 
in the U. S. Weather Bureau tables (2). 

Vapor pressure deficits provide an indication of the 
evaporation potential of a water surface, and for practical 
purposes, it may be assumed that the foliage of most plants 
acts as a water surface. The vapor pressure of this surface 
is cdetermined by the temperature of the foliage, and the 
water loss will he proportional to the difference betw^een 
the vapor pressure at the temperature tif the leaf and the 
vapor pressure of the surrounding air. 

The diurnal sequence of the gradients of vapor pressure 
deficits with height (figure 4) indicates that, on clear days 
soon after sunrise, the deficits nearest the ground areTrst 
to increase in response to rapid warming. At noon, diffep 
ences between heights decrease and the vapor pressure defi- 
cits are similar at II /2 inches and 60 inches above the 
ground. In the afternoon, vapor pressure deficits begin to 
decrease first near ground level in response to cooling by 
terrestrial radiation. The differences between heights be- 
come greatest near sunset. On cloudy days, a similar pattern 
prevails but the effects, due to height are less marked. 
The pattern of hourly changes in vapor piressure deficits 
near ground level and at 60 inches (figure 3) clearly indi- 
cates that more rapid changes and greater extremes occur 
near ground level on both clear and partly cloudy days. 

The increase of vapor pressure deficits from April 
through July is associated with the season increase in daily 
maximum air temperatures; the decrease in vapor pressure 
deficits from August through October is similarly associated 
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Fig. 4 Gharacteristic vertical variation of average vapor pressure 
deficits, to 2 decimals, during 24 hours above a Kentucky blue- 
grass sod; 7 cloudy days (top), 12 clear days (bottom), during 
July 1952. (Approximate sunrise 4:45 a.m., sunset 7:30 p.m. 
E. S. T.). 



with the decrease in air temperatures. At daily minimum 
air temperatures the vapor pressure deficits are much 
smaller and approach zero. 


Relative Humidity 

Relative humidity has frequently been used in general 
discussions of atmospheric moisture, probably following the 
development of the rather simple and inexpensive instru- 
ments which can be read directly as relative humidity. 
Without evaluating temperature effects, relative humidity 
may be misleading as an indication of the rate of water 
loss. For example, quite different vapor pressure deficits 
may ocucr when the relative humidities are the same (tabic 
1). A relative humidity of 49% occurred under three dif- 
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Table L—Variation in vapor pressure deficits at the same 
relative humidities.^*' 


Date and 
location 
above KB 

i 

Relative 1 
humidity, 1 
% ^ 

Vapor 1 
pressure 
deficit, e 

Air tem- 
perature 
"F. 

Dewpoint 
tempera- 
ture ^’F. 


% 

ef 



May — ^5-ft. 





height: 

49 

0.37 

70 1 

50 

June— G-inch 





height. 

49 

0.57 

■ 83 1 

62 

July— 143“ 





inch height. 

49 

■ 0.79 

93 

71 


' These data arc 3-.vei{r awrages ftf jjbser vat ions taken at ilu; ti»!o of dally 
niuximiinv teniperatures. 


fereot conditions above a grass sod even tlioiigh the vapor 
pressure delidt (rate of evaporation ) doubled between the 
60-inch height in May and the UA-inch height in July. 

Because atmospheric moisture conditions are frct|uently 
expressed as relative huniidities, the data are briefly re- 
ported as such. Fundamentally, relative huniidity involves 
both dewpoint and air teniperatufes, expressed in combina- 
tion as the calculated percentage saturation of the air at any 
one temperature. 

The rates change of relative humidity associated with 
height arc similar at all heights during the daylight hours, 
but after sunset, changes become more marked and rela- 
tive humidity increases most rapidly near ground level. 
Diurnal variations in relative humidities indicate appreci- 
able differences between heights on both clear and cloudy 
days (figure 6). Relative were higher at the 

1%-inch height than above, and at this height 100 rela- 
tive humidity usually v-^as reached before midnight and 
remained until after sunrise. 


A general comparison of atmospheric mi)isture conditions 
during the growing season for the months ot April through 
October is presented as vapor pressure deficits and as rela- 
tive humidities for different heights above ground level 
(table 2). Increasing vapor pressure deficits are associated 
with increasing daylengths from April to July, During the 
mid- and hite-summer months and at the times of daily 
maximum temperatures, vapor pressure deficits are gener- 
ally greater near ground level than at the 60-ioch height, 
but during late spring and early summer this is less evident. 
In July the rate of evaporation at the maximum temperature 
is about three times greater than in Apfil, but in May and 
Detober it is only about one- third greater than in April. 

Data in table 2 indicate that at the 1 (A -inch height 
vapor pressure deficits are more than 30 times greater at 
the tiiue of maxiraiiiTi taiiperature than at the time of 
the minimum temperature; at the 3 “inch height they are 
only 13 to 20 times greater. At the 6 and 60-inch heights 
tins relationship is ihrtlier reduced and \apor pressure 
deficits are 3 to l.(t times greater at tlie maximum lernpera- 
tiire than at the minimum. 

Refatixe humidities are fviwest during inaxiniurn lenijK'ra- 
tures for all months and at all heights and are highest at 
the times of minimum umperatures. It is alst> evident that 
relative humidities are higher near grcnirul level at both 
the maximum and minimum air temperatures and decrease 
with increasing height above the grouiuh The usual diurnal 
range in relative humidity is aliout W f, with the extreme 
difference between monthly averages only about 13^^: , 

III comparisons of atrntispheric moisture in the micru- 
climate with those at 60 inches, it is evident that wide 
variations in vapor pressure deficits and relative humidities 
ccciir vvith height. Both the iVTinch and 3dnch heights 
are definitely in the oiieroclimatic layer, whereas the 6-inch 
height appears to approach the upper limit of the micro- 
climatic layer and becomes similar to the 60-inch height. 


in the niacrocliniate, the relative huniidity seldom reaches 



Fig. 6.*— Diurnal changes in relative humidity at 2 heights above 
ground over a bluegrass sod on clear days (average of 12) and 
on cloudy days (average 7), July 1952, (Approximate sunrise 
: 4:4'5 a.m., sunset 7:30 p.m. H. $. T.). 


I(){)(b except during a prolonged rain or a foggy period; 
during clear nights, ami even during showers, it remains 
between 73 and 95 (y. Where it is known that certain reki- 
tive humidities favor development of iiuiividual plant dis- 
eases, observatiems taken only at the standard height may 
be misleading, and particularly if these conditions are 
assumed to be the same as those in the climate surrounding 
the plants. 
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Atmospheric nioisturc and temperature were determined 
from April through (Jetober 1932-34 at heights of 1 Vfo 
3, 6, and 60 intdics vihove a grass sod at St.ite College, Pa. 
Measurements were taken at the even hours from 6 a.m, 
to 6 pan. and at 3-htmr intervals during the night. 

The average moisture coniant of the air, for each month, 
decreased progressively with height. Near ground level, 
the moisture content of die air was greatest at noon or soon 
thereafter and was consistently greater during the day than 
during the night. At the standard 60-ioch height the varia- 
tion during the clay wais small. On cloudy days more water 
was in the air than on clear days. 

Vapor pressure deficits calculated from mean daily maxi- 
mum air temperatures and dew'point temperatures, observed 
at the same time, indicate progressive increases in the vapor 
pressure deficits from April through July, and also from 
the 11 / 2 -inch to the 60-inch height. Progressive decreases 
followed from August through October. Greater vapor 
pressure deficits occurred with increasing heights above the 
ground during both the mean daily maximum and mini- 
mum air temperatures. 

Relative humidities were greater near ground level than 
above during both maximum and minimum air tempera- 
tures. The largest differences between the relative humidity 
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Table 2,— Atmospberic moivSture at 4 different heights above ground level over a grass sod. 
Data presented are averages of daily observations, 1952-54 inclusive. 
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Month 

1 I^-inch 

3-inch 

6~inch 

60-inch 

VPD 

G 

RH 

% 

VPD 

e 

RH 

% 

VPD 

e 

RH 

% 

VPD 

e 

RH 

% 




At I 

naximum 

temperature 




April 

0.22 

60 

0.28 

50 

0.27 

48 

0.26 

4S 

M'ay _ 

0.87 

58 

0.39 

52 

0,41 

48 

0.37 

49* 

June, 

0.61 

56 

0.59 

52 

0.57 

49 

0.61 

44 

July 

0.79 

49 

0,70 

48 

0.73 

45 

0.71 

4S 

August 

0 57 


0 55 

58 

0 55 

49 

0,56 

49 

September 

0.50 

53 

o!49 

51 

0.48 

49 

0.45 

48 

October 

0 36 

51 

55 

0 37 

47 

0 36 

45 

0.33 

45 

Average _ _ 

0,49 

o‘as 

50 

0.48 

48 

0.47 

4f> 




At mini mum temperatures 



April. 

0 

100 

0.04 

82 

0.05 

79 

0.05 ; 

79 

May„„ : 

0.01 

97 

0.02 

93 

0.04 

89 

0.06 1 

83 

June 

0 

100 

0.03 

93 

0.07 

84 

0.09 ! 

84 

July... 

0 

100 

0.04 

93 

0.05 

90 

0.06 

90 

August 

0 

100 

0.03 

93 

0.05 

90 

0.05 

90 

September _ _ 

0.01 

96 

0.03 

93 

0.04 

89 

0.04 

89 

October.... , _ 

0.01 

96 

0.02 

93 

0.02 

93 

0.03 

89 

Average... ; 

0.004 

99 

0.03 

91 

0.05 

88 

0,05 

86 


in the microclimate near the grass sod and in the macro- 
climate 60 inches above the grass occurred during daily 
maximum air temperatures. Relative humidities were high- 
est at the daily minimuni air temperatures. 
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The Influence of Photoperiod and Temperature on Growth, 
Flowering, and Seed Production of Dallisgrass, 
Paspalum dilatatiim 

W. E. Knight"’ 


D allisgrass, PaspaUmi d'datemm Poir. is one of the 

most valuable pasture plants in the cotton belt states 
(2, 6) . it is adapted to a wide range of growing condi- 
tions and produces herbage of high quality. Maximum utili- 
zation of this crop has been retarded by the high cost of 
imported seed and the poor quality of domestic seed. Gy to- 
logicai studies conducted by Burton (3) indicate that the 
low percent of seed set is largely due to chromosomal aber- 
rations. Experiments in Louisiana (6) show that Dallis- 
grass seed heads often contain a large percentage of light 
or empty florets which tend to remain attached to the seed 

Cooperative investigations at State College, Miss., of the Field 
Crops Research Branch, A.R.S., U.S.D.A,, and the Mississippi Agr. 
Exp. Sta. Approved for publication as Journal Article No. 504,. 
Mississippi Agr. Exp. Sta. Received July 1, 1955, 

-Research Agronomist, Field Crops Research Branch, A.R,S„ 


heads. Bennett (1) found that the embryo of Dallisgrass 
was mature in 14 to X8 days after pollination and recom- 
mended earlier harvest to improve quality of seed. March- 
banks^ found that Dallisgrass harvested at 14, 18, and 28 
days after flow^ering had high viability. Drying tests on 
this seed indicated that Daliisgrass seed with a moisture 
content below 35% can be dried at temperatures up to 
140*^ F. without reducing the viability. Lovvorn (5) found 
that Daliisgrass produced more top growth under a temper- 
ature of 80 to 90 F. and short day than under a tempera- 
ture of 60 to 70*^ .F, and the same day length. Three seed 
sources and vegetative material from two plants of Dallis- 
grass were studied by Knight and Bennett (4), in 1951-“52., 


Marchbanks, W, W. Limits of viability of roughpea and Dallis- 
grass seed. Embryology of iMthyrus hirsutus L. Ph.D. thesi.s, Mis- 
sissippi State College Library, 1953. 
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Table 1.— Flowering and seed production of two strains of Dallisgrass grown in the greenhouse continuously 

with a night temperature of 65 to 70^ F., 1952-53- 



Photoperiod and strain 

. 

Photoperiod 

means 

Strain 

means 

Coefficients 

of 

variation 

Characteristic 

14 hours 

16 hours 


B2B0 

S430 

B230 

S430 

14 

16 

B230 

S430 

Days to flowerings . . „ . . 

Number of panicles.. 

Total wt. of seed, g- . 

Shattered seed, g, i 

Non-shattered seed, g. J 

% Caryopses in shattered seed .. 

% Caryopses in non-shattered .seed . , 

Racemes per panicle 

80 

20 

8,9 

5.1 

3.8 
84.0 

1.8 

5 

, 

.77 

22 . 

9.1 

5 . 3 
8.8 

61,8 

1.2 

5 

1 

92 

16 

7.2 
'3.8 

■ 3.4 

72.8 

1.3 ' 
5 ■ ' i 

90 

19 

8.2 

4.8 

3.4 

54.7 

1.0 

5 

78.5^* 
21.0** 
9 0** 

. 512 
3.8 
72.9** 
U5 

j 5 ■ ^ 

! 

91.0 

17.5 

7.7 

4.3 

3.4 
63.8 

1 1.2 ■ 

1 5 ■■ 

86.0** 
i 18.0 i 
i 8.1 
^ 4.5 

! 3.6 

i 78.4** 

i 1-6 

J O 

83.5 

i 20.5** 
i 8.7 

1 . 5.1, i 
3.6. ' 
1 ' ,58.3 ! 

|. ^ 

5 

2.6% 

11.3% 

9.7% 

1 15.6% 
i U.5%, 

1 12.5% 

12% 


Signiticiiiit at the 1% level. 


in a preliminary investigation of photoperiodic response. 
Best seed production of Dallisgrass resulted when 14 and 
1 6 hour daylengths were used in combination with high 
night tempefature. Night tenipefatufes below 55 F. inhib- 
ited vSeed head formation. The results of these experiments 
indicated that prior treatment of vegetative plant material 
might mask photoperiodic response and make interpreta- 
tion of results from vegetative niateriais dilticult. 

It was the purpose of the investigation reported here to 
obtain additional basic information on the response of 
Dallisgrass to pliotoperiod and temperature with particular 
emphasis on flowering and seed production. 

M METHODS 

The plant material used in the 1952-53 experiments was from 
two Louisiana seed source.s, since previous results suggested the 
u.se of seedling material of known origin. In the fall of :1952. 
plants from two seed sources were transplanted into f^-gallon 
glazed pot.s containing a uniform {xating inixture of 4 parts of 
soil to 1 part of sheep inanure. Six replications, containing three 
plants eacin, were grown in two greenhouse-s. The temperature in 
one greenhouse was kept at 65 to 75*" F. at night and between 
70 to 80 'f F. during the day. The plants were placed under 8, 1! - 
12 (normal), 12, If and I6 hour photoperiuds when potteil. 
The second greenhouse provided less accurate control of tempera- 
ture, with night temperatures ranging from 15 to 55‘" F. and 
day temperatures ranging between 70 to 80“ F, Plants were 
grown in this greenhouse for 1(1 \veeks under nonnal day and 
then moved to the high teinperature hciuse and [daced under 8, 
11-12 (normal), 13, LL and 16 liour photopenods. 


Records were taken oti tlie date of emergence of the tirst intlores” 
cence, number of ■panicles, 'weight i>f seed, penamtiJg.e 'tharets hav- 
ing caryopses, height and ntnnber of culms. Height measiirements 
and cuim canints were* made wlien the plants were b. H, and 10 
weeks of age. Seed were harvested by bagging individual panicles 
to catch the seed which shattered. All of die tlnrt-ts rim.ufiing on 
the racemes were liand stripped when the Iteads were nniture, 

RESULTS AND DISCUSSION 

Dallisgrass responded situilarly to photoperiod and tciiV’ 

perature in. 1951-52 and in 1952 53; hence, only the data 

from the' I attejvex]'>eri meiit are gi Via ^ here- 

Data on seed piVKliutiini Dallisgrass when grown 
under a 14- and 1 6-hour day with a 6n to 70 F. night 
temperature are given in table 1. Data for an S-hour, nor- 
mal, and a 12-hour day are not given since Dallisgrass 
failed to produce seed under these short day lengths, 
Dallisgrass grown under a continiioiis night temperature 
of 65 to 70 - F. flowered earlier under the 1 4- hour photo- 
period than under the 1 6-hour treatment (table 1). The 
1 4-hour day also produced a signiflcanl ly higher number 
of panicles; a higher total weight of seed and a higher per- 
centage cfl' seed with, caryopses. Strain S430 was earlier in 
flowering than B23t) and produced a higlier number of 
panicles. The ft Hal weight of the seed prcKliued by the 
twti strains did mU ihlfer significantly, yet B23f^ produced 
a much higher percentage of fk^rets with carytipses. 

The response of Dallisgrass grown with a night tem- 
perature of 45 to 5 5 Ik for iO w'ceks and transferred 


Table 2 .‘ — Flowering and seed production of 2 strains of Dallisgrass rotated iit 10 weeks of age from a tiighc temperature of 45 to 
55® F. and normal day to a night temperature of 65 to 70® F, and long day, iy52-'^3. 



means Coetheient: 
■ of 

variation 

S480 


Characteristic 


Days to flowering,. .. .. .. 

Number of panicles 

Total wt. of seed, g, . 

Shattered seed, g- 

Non-shattered seed, g- . 

% Caryopses in shattered seed 

% Caryopses in non-shattered -seed 


SiKaiiicant at the 57t> level. 
* Significant at the 1 % level, 


Photoperiod and .strain j 

Photo period 
means 

■. 

Strain 

14 hours 

16 hours 

^230 

S430 

B230 

S430 


16 



B23() 

6 ' 

■ , 

't24c^ 

111 

115.5 

T17-.5 ' " 

'■120 ■■: 

6, ■■; 

15 

. IT:'"-'' 

,14' 

16.6** 


7, '13.^5. ' 

6.9 

7.8 

5.8 

6.4 

7_4** 

6.1 

' ■ 6.4 

3V1 

4.0 

2.8. 

■ 

3.6 

2: t- 




3.0 


■ 8.8** 



6.8 

:v,56'j7' 

29.8 

23.0 

31.6** 

■:'26.:47:, 


1.3 

1.5 

0.7 

0.0 
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to a night temperature of 65 to 70° F. is shown in table 2. 
The same pattern of response for strains occurred under 
this treatment as under the continuous high night tem- 
perature treatment with the exception of percent caryopses 
in the shattered seed. The two strains were not signifi- 
cantly different in percent caryopses, and the percentage 
caryopses in the shattered florets was much lower than 
under the continuous high temperature treatment. A much 
lower percentage florets with caryopses was found for the 
l4-hour day length following a period of low night tem- 
peratures. In 1951-52, the series of plants grown under a 
continuous night temperature of 45 to 55° F. and a photo- 
period of 14 hours failed to produce seed heads. 

The effect of photoperiod on growth for plants 6, 8, and 
10 weeks of age is shown in tables 3 and 4. Strains did 
not differ significantly in height or in number of culms 
produced. Photoperiods differed significantly but a signifi- 
cant interaction of age X photoperiod limits comparisons 
to within age groups. The 1 6-hour photoperiod retarded 
both culm formation and height during the first 6 weeks 
of growth. Figure 1 show^s the comparative growth and 
stage of maturity of Dallisgrass at 10 weeks of age grown 
with high night temperature and under 5 photoperiods. 


Table 3. — Effect of photoperiod on the number of culms pro- 
duced by Dallisgrass grown in the greenhouse with a 
night temperature of 65 to 75° F., 1952-53. 


Strain 

Age of 
plants 
weeks 

Length of photoperiod 

; Means 

8 

N 

12" 

14 

16 

B230 i 

6 

5,0 

7.7 

9.5 

9.5 

8.0 

' 7.9 


8 

16.0 

20.2 

24.5 

23.2 

16.3 

20.0 


10 

44.0 

32.5 

28,8 

24.3' 

17.3 

29.4 


Means 

21.7 

20.1 

20.9 

19.0 

13.9 

19.1 

S430 

6 

■ , 

9.2 

10.2 

10.0 1 

5.0 

8.6 


8 

_ — 

25,2 

25.7 

„ 21.7 

13.8 

21.6 


10 

— — — ' 

37,2 

30.2 

22.3 1 

15,0 

26.2 


Means 



23.9 

22.0 

18.0 

11.3 : 

18.8 


L.S.D. 0.05 =0.87 to compare photoperiod means within each 
age. 

L.S.D. 0.01=1.17 
C.V. = 5% 


Table 4. — Effect of photoperiod on the height in inches of 
Dallisgrass grown in the greenhouse with a night 
temperature of 65 to 70° F., 1952-53. 


Strain 

1 Age of 
i plants 
weeks 

1 Length of photoperiod 

Means 

, 8 

N 

12 

14 

16 

B230 

■ 6 ■■ 

5-0 

8.8 

12.7 

14.3 

12.5 

10.7 


■. '8 .! 

7.0 

15.0 ' 

20.8 

24.3 

24.0 

1 18.2 


10 

13.3 

24.5 

31.2 

36.8 

39.7 

' 29.1 


Means 

8,4 

16.1 

21.6 

25.1 

25.4 

19.3 

S430 

6 


11.8 

14.0 

16.0 

14.3 

13.9 


8 

— 

16.8 , 

21.5 

25.3 

25.7 

22.3 


10 

— 

23.3 

29.0 

87.8 

39.2 

32.3 


Means 

1 

17.1 

21.5 

j 

26.4 

26.4 

22.8 


L.S.D. 0,05 = 1.40 to compare photoperiod means within each 
age. 

L.S.D. 0.01 = 1.87 
C.V. = 13% 


The effect of two temperature treatments on the growth of 
Dallisgrass is shown in table 5. Strain S430 w^as superior 
in growth to B 2 30 as shown by number of culms and 
height, and was also earlier in maturity than B230. 

Plants grown with a night temperature of 65 to 70° F. 
were taller and produced more culms than the plants grown 
with low night temperature. This is in agreement with 
the work reported by Lo\worn (5) . There was a significant 
interaction between age and temperature for height meas- 
urements which restricts comparisons to within age groups. 
Figure 2 shows plants at 10 weeks of age grown under the 
2 temperature treatments and a normal day. There was a 
decided similarity between plants grown under a normal 
day and a low temperature and plants grown under an 
S-hour day and a high temperature (figures 1 and 2), 

A high night temperature and a 14-hour photoperiod 
appear to provide the most desirable environment for green- 
house production of Dallisgrass. There appears to be no 
advantage from the standpoint of seed production in grow- 



Fig. 1. — ^Dallisgrass grown continuously under night temperatures 
of 65 to 70° F. Photoperiods: 1. to r. — 16, 14, 12, N, and 8 
hours. 



Fig. 2. — Dallisgrass grown under normal day and with night tem- 
peratures of (left) 65 to 70° F., and (right) 45 to 55° F. 
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Table 5— Number of culms and height of Dallisgrass under a tiormal day and tno temperature treatments, SW-'i.-i. 




Age of plants and temperature treatment* 


’^rinnperatnn* 

■ 


strain 

■ 

6-weeks 



S-weekvS 


10-week' 

4' 

nu'ans 

Strain ■. 

nieanNi 

C.V. 


Ti 

T, 

Mean 

T, 

T, 

Mean 

T, T. 

M'ean 

T, 


■ 


B230 

7.7 

3.8 

5.8 

20.2 

12.3 

16.3 

Number of culms 
32.5 1 24.2 1 28.4 

20 . 1 

13.4 

16. S 

17% 

S480,.. 

9.2 

4.7 

7.0 

25.2^ 

13,3 

19.3 

37.2 j 28.0 

32.6 

23.9 

15.3 

19.6** 


B230 - 

■ 8.8 ! 

4.5 

■ 6.7 ! 

15.0 

5.7 ' 

10.4 

1 ! ■ . 

I '1 

Height {inches) 
24.5 1 15.3 I 19.9 

22.0** ' 

16.1 

14.4 

8.5 

12.3 

f 

i 10% 

S4S0 - 

11.3 1 

5.5 

8.4 i 

16.8 

6.5 

11.7 

23.3 17.0 

20.2 

; 17.1 

9.7 

i 13.4** 1 

1 


10.1 

. i 

5.0 

■ 7,6 

15.9 

6.1 

11,1 : 

23.9 16.2 

20.1 

j 16.6 

1 9.1 ■ 


i 


L.S.D. 0.05-0.60 to compare temperature means for height within each age. 
O.Ol-O.SO 


^ Teniperatufe tn'iituieiOs: 'f, Night tempcrattiro in \o 70'" F. 

Night twHHnaUr.T’ 4S to 55^F. 

at the 1 % kvfl. 

ing Daliisgrass under low tempenitufe during the forma- 
tive period of growth. 

BecaUsSe of early shattering of Dallisgrass seed in 1931 * 

32, seed \vas harvesSted by shakii\g the heads over a pan. 
Seed heads were bagged in 1952-33 to avoid the fretjiient 
harvests of seed. Representative heads from strain B230 
were harvested at varying stages of maturity to determine 
the relationship of seed shattering to stage of maturity 
(table 6), These data suggest the desirability of early 
harvest of Dallisgrass seed with a shalcer or shaker-suction 
harvester. Seed quality should be greatly increased by such 
a harvest method. The problem of separating empty florets 
from good seed would be eliminated to a great extent since 
the empty florets tend to remain attached to the raceme 
until niaturlty is advanced (table 6). Bennett (1) pro- 


Tabk* 6. — Shattering of Daliisgms^i seed as relsued 
to siUige of maturity. 


Stage of maturity 
when harvi^sted 


Plant (characteristic measured 


Total number of florest..., 

Number of fiorest shattered. _ .. 
Percent of shattered tiorest with 

earyopses 

Number of shattered florets 

containing earyopses 

Number of non-shatterecl florets 
Percent of non-shattered florets 

containing earyopses 

Number of non-shattered florets 

containing earyopses . _ . 

Percent of total florets containing 
earyopses that had shattered 

when harvested . ■ 

.Percent of total florets containing 
earyopses 



IStem and 


stent 

glumes 

Stem 

and 

brown 

and 

glumes 

but not 

glumt 

green 

dry 

dry 

450 

328 

' 475 

150 

.173 

243 

97 


67 

146 

140 

163 

300 

■ 7155: 

.■::232' 

14 

CD'’- 


42 

8 

12 

78 

95 

93 

42 

45 

37 


posed earlier lhif\esl irig as a means of im|sn>ving quality 
after determining that the embryo of Dailisgass is mature 
in 14 to 18 days alter pollination, harl) harsest will rec|inre 
special attention to seed drying, liowesx r, recetU work by 
Marchbanks^ imluates that Dallisgrass seed with a moisture 
content below lati be dried at tcatiperatures .up to 

140' F. without reducing the liability. 

The ease with which Dallisgrass seed shatter has been 
■; noted by. other workers^ (6). Owen (6) cites correspond- 
ence which indicates that Dallisgrass seed have been ha i> 
ce^sted in Australia by shaking the panicles over pans. This 
may partially explain the higher quality of imported seed 
as co,mpared to the' usually poor quality of domestic seed 
harvested by combining directly or combining material 
whicli has been mowed and wind rowed. 

SUMM-ARY 

Two selections of' DallisgraNS (wnn Louisiana were growaL 
in the greenhouse in 1931 and 193 2- 3S |o dikTinine 
ilmvering Lind seed [MaHiuction lespunse to jdtiaoj'ieriod and 
I cm pera t u re treat n lei its. 

ITillisgrass was grown in one greenhouse iindc'f a night 
temperature of 63 to 70 '■ \\ and beUceen 43 to 33' l\ 
in another greenhouse. Day temperatures ranged from 70 
to 80 '' l\ in both Ikhiscs. 

The general response of Dallisgrass to ph(ao|ie,riod and 
temperature was the same in lS)3L-32 and in 1932-33. 
Dallisgrass failed to produce seed head.s when gnnvn under 
an 8-hour and a normal day. Seed head prodiicfion under 
a 12-hour day was erratic and ihwvering was incomplete. 
A high night temperature and a ladiour photoperiod 
appear to provide the most desirable emircuiment for 
greenhouse production of Dallisgrass, There appears to be 
no advantage from the standpoint of seed production in 
growing Dallisgrass under low temperature during the 
formative period of growth. Low nighi temperatures inhib- 
ited .seed head formation in Dallisgrass under long day, 

A modified method of harvest for Dallisgrass seed utiliz- 
ing a shaker or shaker-suction harvester is .suggested by 


I , h ' ' 

' i.f 


^ Marchhanks, ap. at. 
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the results of these experiments. The quality of seed har- 
vested in such a manner should be superior to that of 
combined seed. 
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Effects of Nitrogen Fertili2ation and Rate and Method of Seeding 
on Grass Seed Yields in Pennsylvania^ 

Roderk E. J. S. Bufaar", H. R. Fortmann,^ and H. L. Camahair^ 


S EED production of improved forage grasses has devel- 
oped into a highly specialized enterprise in the United. 
States. Progress has been made towards fulfilling the seed 
requirements of farmers in the northeastern LTnited States 
by producing seed of improved varieties in western states. 
Flowever, the production and maintenance of breeder seed 
of new varieties will continue to be a responsibility of the 
originating station. 

The objectives of this study w^ere: (1) to determine the 
cultural practices which stimulate maximum seed produc- 
tion of orchardgrass, smooth bromegrass, timothy and reed 
canarygrass; (2) to determine the effects of the various ctiL 
tural treatments on the plant characteri sties which are com- 
ponents of seed yield. Results and conclusions pertaining 
to this last objective will be presented in another paper. 

, REVIEW OF LITERATURE 

Although investigations on grass seed production have been con- 
diicted in many different geographical regions of the United States, 
very little infoiTnation has been accumulated in the Northeast. 
Nitrogen is generally considered the key element in grass seed 
production (1, 3, 10, 11, 14, 15) with a lesser emphasis on plros- 
phorus and potash. Metcalfe (9) in Iowa, and Churchill (2) in 
Michigan have shown thcit approximately SO pounds of nitrogen 
per acre on broadcast stands was the most practical application 
for increasing seed yields of smooth bromegrass. Spencer (14) 
in Kentucky found that approximately 64 pounds of nitrogen per 
acre doubled the seed yields over the check of both Kentucky 31 

^ Contribution from the Department of Agronomy, ,Penn.sylvania 
State University, University Park, Pa. Authorized for publication 
on May 10, 1955 as paper No; 1979 in the Journal Series of the 
Pennsylvania Agr. Exp. Sta. Received July 13, 1955. More exten- 
sive data and details on the experiments are contained in the Ph.D. 
and M.S. disse.rtations, of the first and second authors, in the 
library of the Pennsylvania State LI niversity, University Park, Pa. 

" Formerly graduate students, Department of Agronomy, Penn- 
sylvania State University; presently. Assistant Animal Husbandry- 
man (Range and Forage Improvement), Rockefeller Foundation, 
and Lecturer, Department of Agronomy, Macdonald College of 
McGill University, respectively. 

‘^Associate Professor of Agronomy, Peiimsylvania State Univer- 
sity. 

Ulesearch Agronomist, IL S, Regional Pasture Research Labo- 
ratory, University Park, Pa. 


tall fescue and commercial orchardgrass. Early spring applications 
were best on orchardgrass, whereas, .spring and fall applications 
were equally effective on fescue. Knowles and Cooke (7) found 
fail applications superior to spring applications on well-established 
smooth bromegrass. Evans (4) in England found that ammonium 
sul,fate increased seed yields of orchardgrass with little benefit 
resulting from applications higher than 4 cwt. per acre. Timothy 
seed yields were increased by nitrogen applications only in the 
second year. 

Grasses in rows generally yield more seed per acre than broad- 
cast seedings; however, in some studies orchardgrass was found 
to produce higher yields on broadcast seedings (2, 5, 6, 14). Stan- 
ford*’ at the Pennsylvania Agricultural Experiment Station' con- 
cluded that cultivated row seed production was superior to solid 
stand for tall fescue, orchardgrass, and common tall oatgrass. Tuala- 
tin tall oatgrass was the only grass that produced more seed in 
solid stands. Schwanbon and Froier (12) reviewed seed produc- 
tion studies on timothy and orchardgrass conducted by Scandi- 
navian, German, and Dutch investigators. With timothy they 
reported evidence which favored 14- to 20-inch drill spacing 
while 18- to 24-inch drill spacings were preferred for orchard- 
grass with a seeding rate of 7 pounds per aci*e. 

Sears (13) recommended seeding rates of 6 to 8 pounds per 
acre for broadcast seeding of orchardgrass for seed production in 
New Zealand. Spencer (14) found that seed yields of Kentucky 
31 fescue and orchardgrass decreased as seeding rates increased 
from 3 pounds to 7 and 15 pounds per acre in broadcast stands. 
Knowles, c/ rf/, (7) recommended a seeding rate of 6 to 8 pounds 
per acre for bromegrass in western Canada. 

MATERIALS. AND METHODS,^^^^ 

The experiment was located on the Pennsylvania Agricultural 
Experiment Station Farm, University Park, Pa. The soil tj^pe of 
the experimental site has been classified as Hublershurg silt loam 
which is a deep soil from low to medium fertility with :a pH of 
approximately 6.7. Prior to seeding, Ihe field received 600 pounds 
of 0~2()-0 per acre; 300 pounds of 0“20—20 per acre plus 300 
pounds of ammonium sulfate per acre. Seeding was done on 
May 1 and 2, 1951. A top-dressing of 300 pounds of 0-20-20 
per acre was made on April 1 1, 1952^ and again on April 23, 
1953. 

The four perennial grasses included in this study were Achen- 
bach smooth bromegrass, Climax timothy, common orchardgrass 
and common reed canarygrass. The experimental factors consisted 
of methods of seeding (36-inch rows vs. broadcast), 7 nitrogen 


" Stanford, J. P. Adaptation of herbaceous materials for highway 
slope control. Ph.D. dissertation. The Pennsylvania State Univer- 
sity. 1951. 
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treatments involving rates and times of application and rates of 
seeding. Split nitrogen treatments involved equal applications in 
spring and fall. The rates of seeding for each species and method 
of seeding are listed below: 


Grass 

' ■ ■ ' , ■ ! 

Pounds of pure live 
seed per acre 

High rate 

Low rate 

Bromegrass and reed canarygrass 



Broadcast - - .. - - 

8 

4 

Row - . - 

4 

■ 2 

Orchardgrass and timothj^ 

6 


Broadcast . - - 

’■ S 

Row-..-,..--.:. - - 

3 

lU ■ 


Nitrogen in the form of ammonium sulfate was applied Sept, 
22, 1951; March 29, 1952; Oct. 1.6, 1952; and April 3, 1953. 

A split, split plot design with these replications provided for 
all possible combinations of the above treatments. Methods of 
seeding constituted tlie main-plots, nitrogen the seven sub-plots 
and rates of .seeding the two sub-sub-plots for each species. 

The dimensions of the individual broadcast plots were 5 by 2t) 
feet and those of the row plots were 3 by 20 feet. AH plots were 
■seeded by hand and culti packed. Row plots were cultivated when 
ilecessary^ Borders were trimmed from the plots before harvesting 
the seed heads. The heads were dried in a forced air dryer. Ilirtsh- 
ing was done with a small hammer mill. Straw was removed by 
hand and the seed cleaned in a small ''Clipper” cleaner. Seed 
yields were determined as p>ounds of dean seed per acre. 

RESULTS AND DISCUSSION 

Grass seed production obtained in this study was highly 
satisfactory compared with yields obtained in other humid 
regions. Table 1 illustrates that average seed yields of reed 
canarygrass, orchardgrass, and timothy were much higher 
in 1953 than in 1952. A slight reduction was observed for 
smooth bromegrass. 

Tlie combined average seed yields forT952 and 1953 for 
each grass species are presented in tables 2, 3, 4 und 5. 

The analyses of variance revealed that many of the treat- 
ment interactions were significant as well as some of the 
interactions involving years. These i n t er a c t i o n s are e x- 
plained in terms of seed yield responses where they have 
been found to have a strong influence on interpretation of 
results and formation of conclusions. 

Reed canary grass .' — Average seed yield was very low the 
first harvest year. The low yield of 20 pounds per acre was 
primarily due to lack of seed head production. Re5>ponses 
to ail treatments were much greater in the second year and 
similar to those obtained in the first harvest year. Rows 
yielded significantly more seed than broadcast stands. Ail 
100 pound per acre nitrogen treatments yielded signifi- 
cantly more seed than the check or 50 pound per acre 
treatments. There was a yield advantage in splitting the 

Table 1. — ^Average seed yields from all treatments expressed 
as pounds of dean seed per acre. 


Species 

3: T:952:':', 

1953 1 

Average 

Tieed "canarygr ass^c;.:, vi „ „ ^ : 


144 


.Smooth bromegrass : 

491 

406 

464 


401 

: 608 

504 



266 

204 


higher rate although the split application was not signifi- 
cantly better than the same amount applied in the spring. 
The lower seeding rate yielded significantly more seed 
than the higher rate. There was no lodging in any of the 
plots. The absence of lodging and the large seed increase 
that occurred with 100 pounds of nitrogen per acre indi- 
cate that higher rates of nitrogen might result in further 
yield increases. 

Stnooth bromegrass . — An average of 200 pounds more 
seed per acre was produced in rows than in broadcast 
stands. This indicates the superiority of row culture for 
smooth bromegrass seed production. Nitrogen fertiliser 
greatly increased seed yields. Responses to nitrogen were 
different for the 2 years. Figure 1 shows that spring appli- 
cations in 1952 were superior to fall applications. The 
1952 data indicated that none of the nitrogen treatments 
were significantly better than 50 pounds per acre applied 
in the spring. Results in 1953 indicated that fall applica- 
tions were superior to spring applications. Figure 1 also 
illustrates the manner in which seed yields on the broad- 

Table 2.-- Reed Canarygniss seed yields expressed as pounds 
of dean seed per acre averaged for the 2 years, 1952 and 
1953. Means for methods of seeding, nitrogen treat- 
ments and rates of seeding based on 
three replications. 


Nitrogen 

treatments 

Seeding 

rate.s 

Methods of 
seeding 

Ave.— - 
rates 
at each 
N treat- 
ment 

i , 

Ave.—. 

■ N ■ ■ 

treat- 

ments 

Row 

Broad- 

cast 

Check 

Low 

84 

—2 ■ 

■ ■ 43 . ' i 



High 

78 

1 

: B9 ! 



1 Average! 

81 

2 ' ' 


41 

50 lb. N/A. 

Low 

136 - 

16 

76 


Spring 

High 

107 

13 

59 



Average 

121 

14 


68 

50 lb. N/A. 

Low 

120 

16 

67 


Fall 

High 

131 

17 

74 



Average 

125 

16 ; 


71 

50 1b. N/A. 

Low 

136 

6 -1 

71 


Split 

High 

126 

■ '8 i 

67 



Average 

131 1 

7 ■ 


69 

100 lb. N/A, 

Low 

160 i 

:'88 

^-124 ' 


Spring 

High 

142 ' i 

■ 48 ■ ■ 

95 



Average 

151 1 

68 


110 

100 lb. N/A. 

Low 

145 

'■ 58 

101 


Fall 

High 

149 ’ 

38 

93 



Average 

147 

48 


97 

100 lb. N/A. 

Low 

169 

78 

124' 


Split 

High 

168 

56 

1 112 



Average 

169 1 

67 

I 

118 

Average 

Low^ 

136 : 

38: ■ 

[. . 87-'', 

! ■ 


' High 

128 

26 

1 ^ 77 

1^ ,, , , 



Methods 

132 









Grand 


■ : 1 




Avev'.. 


Differeiiceri between: 

Nitrogen treatments 

Nitrogen treatments for same method of seeding 
Nitrogen treatments for same seeding rale 
Nitrogen treatments for same seeding rate, for same method 
of seeding 

Coefficient of variability in percent; IS.96 


L.S.D. 

Values 

(0.05) 

(O.OU 

12.4 

16.6 

17.5 

■ ■ ' 

12.B 


38.3 



# Seed /A # Seed /A 
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BROADCAST METHOD OF SEEDING 


1952 


1953 



ROW METHOD OF SEEDING 


1952 


1953 



I, —Smooth bromegrass seed yield responses to nitrogen fertilization for methods of seeding and years. 


cast check plots and those receiving sprmg nitrogen de- 
creased in the second year. The fall applications stimulated 
seed production more in the second year than in the first, 
both in rows and broadcast stands. In 1952 there was no 
significant difference between seeding rates for either 
method of seeding. In 1953 the low" seeding rate was sig- 
nificantly better than the high rate. The severe reduction dn 
seed production on broadcast stands with two consecutive 
spring nitrogen applications may be an indication of a sod 


Or chard grass :- — ^The average seed yield of orchardgrass 
in 1953 showed an increase of 200 pounds per acre over 
1952. Based on the two year average, tws were signifi- 
cantly better than broadcast stands; how^ever, there w^as a 
significant interaction between methods of seeding and 
years. In 1952, seed production was best in broadcast plots; 
w^hereas, rows w^ere superior in 1953. This superiority was 
partly due to the signifi.cantly greater seed production in 
rows on the check plots. From 1952 to 19531 average 
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Table B.—Bromegrass seed yields expressed as pounds of dean 
seed per acre averaged for the 2 years, 1952 and 1953. 
Means for methods of seeding, nitrogen treatments, 
and rates of seeding based on three replkations. 


Nitrogen 

treatments 

Seeding 

rates 

Methods of 
seeding 

Ave. — 
rates 
at each 
N treat- 
ment 

Ave.— 

■ N 
treat- 
ments 

Row 

Broad- 

cast 

Check 

Low 

388 

20.') 

297 



High 

450 

143 

296 



Average 

419 

174 


297 

50 lb. N/A. 

Low 

630 

399 ; 

514 


Spring 

High . 

591 

280 

435 



Average 

610 

340 


475 

50 1b. N/A. 

Low 

588 

405 

1 496 


Pall 

High 

603 

385 

494 



Average 

596 

395 


495 

50 Ib. N/A. 

Low 

- . 525 

324 

424 ■' 


Split 

High 

542 

250 

396 



i Average 

534 

287 


; 410 

100 lb. N/A. 

' Low 

■ 542 

406 

474 


Spring 

High 

613 

373 

492 



Average 

577 

389 


483 

100 lb. N/A. 

Low 

596 

561 

578 


Fall 

High 

624 

1 472 

548 



Average 

610 

516 


563 

100 lb. N/A. 

Low 

647 

501 

573 


Split 

High 

534 

412 

473 



Average 

390 

456 


523 : 

Average 

Low 

559 

400 

480 



High 

565 

331 

448 



Methods 

562 

365 


464 






Grand 






Ave. 


Deferences between: L.S.D. Values 

(O.OS) (tt.On 

NFitiogen treatments 4.5-0 57.5 

Khrogen treatmeiils for each inethod of seeding 60.8 81.4 

Nitrogen treatments for each seeding rate 78.1 

Methods of seeding for each .seeding rate 59.0 79.0 

Nitrogen trealments for each method of seeding for each 

seeding rate 86.0 115.0 

Coefficient of variabilUy in percent: 14,42 

o f 3 pounds per acre on broadcast plots in both 1952 and 
1953. The yields were ^ pounds of seed per 

acre, respectively. There was a general tendency for the 
spring applications of nitrogen to be more effective in 
stimulating seed yields in rows than in broadcast stands. 
The lower seeding rate of 3 pounds per acre resulted in 
significantly higher seed yields than 6 pounds per acre 
in broadcast plots. In rows, there was no measurable differ- 
ence due to seeding rates in either year. Lodging occurred 
with both rates of spring application of nitrogen in 1953 
but was much more severe at the higher rate. 

Timothy . — Seed yields in the second year v^ere 124 
pounds per acre higher than in the first harvest year. Rows 
yielded significantly higher than broadcast stands in both 
years. Nitrogen fertilization did not stimulate seed produc- 
tion of timothy to the extent that it did in the other grasses. 
In 1952 none of the nitrogen treatments was significantly 
higher than the check. There was a tendency for the fall 
applications to be superior to spring applications. In 1953, 


Table 4.— Orchardgrass seed yields expressed as pounds of 
dean seed per acre averaged for the 2 years, 1952 and 
1953. Means for methods of seeding, nitrogen treat- 
ments and rates of seeding based on 
three replications. 


Nitrogen 

treatments 

Seeding 

rates 

Methods of 
seeding 

Ave. — 
rates 
at each 
N treat- 
ment 

Ave.- - 

N 

treat- 
men t.s 

Row 

Broad- 

cast 

Check 

Low 

406 

214 

310 



High 

400 

126 

263 



Average 

403 

170 


287 

50 lb. N/A. 

Low 

550 

436 

493 


Spring 

High 

584 

343 

463 



Average 

567 

389 


478 

50 lb. N/A. 

. 

Low 

541 

657 

599 


Fall 

High 

522 

548 

471 



Average 

532 ■ 

602 


485 

50 lb. N/A. 

Low 

522' 

474 

498 


Split 

High 

571 

372 

471 



Average 

546 

423 


485 

100 lb. N/A. 

Low^ 

493 

501 

'497 


Spring 

High 

488 

440 

; 464 



Average 

490 

470 


481 

100 lb. N/A. 

Low 

572 ’ 

727 

650 


Fall 

High 

556 

643 

599 



Average 

564 

685 


625 , 

100 lb. N/A. 

Low 

575 

711 

643 


Split 

High 

626 

525 

, 575 



Average 

600 

618 


)609 

Average 

Low 

523 /., 

531 

. . .527 .. : 



High 

535 

i;v428 

482 



Methods 

529 

480 


504 






Grand 

Ave. 


Differences between: L.S.I). Valut‘> 

(0.05) (0.01) 

Nitrogen treatments 4.5 .5,7 

Seeding rates for each method of reeding 17.6 2.5,8 

(lYeflKuent of varmbiUty in. percents 

50 pounds of nitrogen per acre gave the highest yields. 
Nothing was gained by splitting either the 50- or 100- 
pound rates. These results are reflected in the combined 
data. Both in rows and broadcast stands 50 pounds of 
nitrogen per acre applied in the fall was the best treatment. 
The low seeding rate was significantly better than the 
high rate although this difference was not great. The high 
rates of nitogeii caused severe lodging. 

SUMMARY AND CONCLUSIONS 

Seed yield responses to various cultural practices were 
studied for reed canarygrass, smooth bromegrass, orchard - 
grass, and timothy in 1952 and 1953 at the Pennsylvania 
Agricultural Experiment Station. Variables studied consisted 
of row and broadcast methods of seeding, 7 nitrogen treat- 
ments, and 2 rates of seeding. The experiment wars con- 
ducted on a soil of medium fertility. 

1. Seed production was best in the second harvest year 
with all grasses except smooth bromegrass. 

2. All grasses produced a significantly higher seed yield 
in rows than in broadcast plots. 
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Table 5. — Timothy seed yields expressed as pounds of clean 
seed per acre averaged for two years, 1952 and 1953. 
Means for methods of seeding, nitrogen treat- 
ments, and rates of seeding based on 
three replications. 


Nitrogen 

treatments 

Seeding 

rates 

Methods of 
seeding 

Ave.— 
rates 
at each 
N treat- 
ment 

Ave. — 

N 

treat- 

ments 

Row 

Broad- 

cast 

Check 

Low 

219 

153 

186 



High 

206 

163 

180 



Average 

212 

153 


183 

50 1b. N/ A. 

Low 

244 

188 

216 


Spring 

High 

258 

190 

224 



Average 

251 

S 189 


220 

50 lb. N/A. 

Low 

2S8 

233 

245 


Pall 

High 

256 

224 

240 



Average 

257 

228 


■243 

50 1b. N/A. 

Low 

224 

217 

220 


Split 

High 

215 

193 

204 



Average 

220 

205 


212 

100 Ib. N/A. 

Low 

208 

185 

194 j 


Spring 

High 

194 

170 

182 



Average 

198 

177 

■ 

188 

100 lb. N/A, 

Low 

259 

176 

217 


Pall 

High 

240 

180 

210 



Average 

249 

178 


214 

100 lb. N/A. 

Low 

229 

120 

174 


Split 

High 

219 

103 

161 



Average 

224 

111 


168 

Average 

Low 

234 

182 

208 



High 

227 

173 

200 



Methods 

230 

177 


204 






Grand 






Ave. 


Bilference*! between: L.S.D. Values 

(0.05) (0.01) 

Nitrogen treatments ^ 28.2 57.1 

Nitrogen treatments for each method of seeding 39,9 53.4 

Coefficient of variability in percent: 15:.56 


3. For years combined, the low seeding rate produced 
significantly higher seed yields than the high rate with 
all grasses. 

4. The reed can arygr ass data emphasize the value of 
high applications of nitrogen for maximum seed produc- 
tion. The 100 pound per acre spring application in rows 
was highest. Since there was no lodging, higher rates might 
have resulted in still higher yields. 


5. Seed yields were much lower in the second year on 
broadcast plots of smooth bromegrass receiving annual 
spring nitrogen applications. A 50 pound per acre fall 
application in rows was superior. Lodging occurred on all 
plots receiving 100 pounds of nitrogen. 

6. With orchardgrass, the 100 pound per acre fall appli- 
cation on broadcast stands was superior to other treatments. 
Lodging occurred with the spring applications. 

7. Nitrogen applications on timothy did not affect seed 
yield as greatly as on other grasses. A fall application of 
50 pounds per acre in rows gave the highest yields. 

8. All seed had a satisfactory germination percentage 
averaging 85 percent or better. 
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Effects of Photoperiods on Plant Growth, Flowering, 
Seed Production, and Tannin Content of 
Lespedeza cuneata Don^ 

R. P. Bates^ 


P ROGRESS in an improvement program with sericea 
lespedeza (Lespedeza cuneata) depends in several ways 
on knowledge of the photoperiodic responses of this spedCsS. 
Slight diiferenees in dayiength appear to cause sericea 
plants to produce cleistogamous instead of chasmogamous 
flowers. Since both types are used in the breeding of sericea, 
accurate knowledge of the influence of photoperiods on 
their production is important. Knowledge of the effects of 
dayiength on growth and seed production would provide a 
basis for understanding the adaptation requirements of 
sericea. This study is concerned with effects of different day- 
lengths on plant growth, seed procluction, proportion of 
cleistogamous and chasmogamous flowers, time required for 
flowering, and tannin content of sericea lespedeza. 

REVIEW OF LITERATURE 

Experimental data concerning responses of sericea lespedeza to 
photoperiods are ineager. Pieters et al. (5) reported that during 
a 1-month period 3 plants of the same original size produced 17 
inches of growth under a long day, 9 inches under a normal day, 
and 6 inches under an 8-hpur day. McKee and Hyland (3 ) pointed 
out that dayiength may he an important factor in determining 
the type of flower produced. This was indicated by the fact that 
only apetalous (cleistogamous) flowers were formed, while under 
extended dayiength some petaliferous ( chasmogamous) flowers 
Were formed. Stitt et at, (7), while conducting a soil type study 
in relation to tannin content of sericea lespedeza, concluded that 
variations in light might have some effect on tannin content of this 
species, 

Photoperiod studies with Lespedeza siipulai'ea and L. striata hiwe 
been reported. Smith (6) found a marked photoperiodic response 
within both specie,s. After 57 days all plants under 7 hours of 
light had set seed. Plants under 17 hours of light had no seed 
or flowers after 217 days. No attenipt was juade- to determine 
the critical photoperiod for these species. Nakata (4) found that 
42 day.s after planting all plants from both specie.s had set mature 
seed under 10 and 12 hoLins of light, while plants exposed to 
1 4 and 16 hours of light were growing vegetatively without any 
sign of flowering after 90 days. Further study indicated that the 
critical photoperiod for flowering was approximately 13.75 hours 
and photoperiods over 14 hours resulted in no flowering of L, 
st/p^dacea md L, striata. While .studying cleistogamy and develop- 
ment of the embryo S’ea In L, slip ulacea a ^ (2) concluded 

that dayiength probably was one of the factors in determining 
whether the flower was cleistogamous or chasmogamous. 

MATERIALS AND METHODS 

Thi.s study was made to determine the behavior of Lespedeza 
cimeata plants when subjected to 7 conditions of photoperiod: 
8, to, 12, 13, 14, and 15 hours, and natural clay plus 3 hours of 


light at midnight. The first six light periods were continuous, 
which resultecf in decreased continuous dark periods as length 
of the light periods increased. Since length of the dark period is 
the effective factor in determining vegetative and reproductive be- 
havior of plants instead of the length of the light period, the 
dark perioci ■was interrupted at midnight in the seventh treatment 
to afford a short uninterrupted dark period. During this experi- 
ment, which was conducted between April 15 and Sept. 1, natural 
dayiength in the latitude of Beltsville, Md., ranged from 13.5 to 
15.1 hours. The experiment was terminated on Sept, 1 at which 
time plants under the l4-hout\ 15-hcmr and natural day plus 3 
hours showed no signs of flowering. Plants under the first 6 photo- 
periods remamed under natural light for hours each day. Addi- 
tional light wa.s furaished by incandescent bulbs wvhich produced 
from 20 to 40 foot-candles of light on the plants. Teinperatu re 
during the study ranged between 80*" and 90*^ F. 

Eight sericea .strains were exposed to the photoperiods. Plants 
of 7 strains were obtained from Si seed of single plants selected 
at Beltsville in 1951. Plants of Ga. 13 were from Si .seed secured 
from J. M. Elrod of the Georgia Agricultural Experiment Station. 
A brief description of each .strain, as determined under held con- 
ditions at Beltsville, Md., is given below. Some of these strains 
might behave differently at other locations. 


Strain 

! Period 
of 

flowering 

'■ 

Matu- 

rity 

Vegeta- 

tive 

growth 

Seed 

produc- 

tion 

Tannin 

content 

1 - 10-14 

medium 

late 

fair 

good 

low 

1-10-20 

long 

medium 

excellent 

excellent 

medium 

1-25-12 

long 

medium 

good 

good 

medium 

43-30-7 

long 

late 

good 

excellent 

high 

0-38-1 

short 1 

early 

fair 

poor 

high 

82433 

medium 

medium 

good 

fair 

high 

lA-02 

short 

early . j 

fair 

poor 

high . 

Ga.T3 

medium 

late ■' 

fair 

excellent 

medium 


Six plants of each strain were placed in each photoperiod 
(e.xcept the natural day plus 3 hours) at 2, 12, and 20 inches 
of growth, which gave a total of 1,008 plants in the test The 
selfed seed.s were planted in 8-inch pots in the greenhouse on 
April 15, 1952, and re.sultant .seedlings were tran.splanted to indi- 
vidual 4-inch pots on April 30. Plants remainecl under natural 
day conditions until May 5, at which time the 2-inch plants were 
placed under the c-arious photoperiods. The 12- and 20'inch plants 
were placed under the various photoperiods on June 3 and June 
23, respectively. Plants were placed on hand carts and roiled into 
and out of six dark chambers. Each chamber was equipped with 
a time switch to govern each period of artificial light. Six plants 
of each strain remained on a greenhouse bench for the duration 
of the experiment and received natural light plus 3 hours of arti- 
ficial light at midnight. 


^ Contribution from the Field Crops Research Branch, A.R.S., 
U.S.D^.A,, Beltsville, Md. Part of a the.sis submitted to the Univer- 
sity of Maryland as partial fulfillment for a Ph.D. degree. Received 
July 20, 1955, 

® Formerly Assistant Agronomist, A.R.S., Beltsville, Md.; now 
Associate Plant Breeder, Samuel Roberts Noble Foundation, Ard- 
more, Okla. Acknowledgements; The author is indebted to Dr. 
H. A. Borthwick and Mr, P. R. Henson of the A.R.S., Beltsville, 
;■ Md., for their fine aid and suggestions during the experiment and 


Data collected included records of plant height, number of 
days from planting to appearance of first chasmogamous flowers 
and seed from deistogamou.s flowers, total seed production per 
plant, and tannin content of leaves from plant.s under .selected 
treatments. Tannin content was determied by the hydrochloric acid- 
formaldehyde method ( 1 ) , Tannin determinations were made in 
duplicate for each c:ompo.site sample of leaves from six plants. 
Seed yields and leaf samples were collected 145 days after seed- 
ing. Height measurements were niade when plants of the 2-, 12-, 
and 20-inch groups had remained under the photoperiods for 66. 
40» and 14 days respectively. 








Fig. 3. — ^Plants from ei^ht strains of L. cuneata after remaining 
under a 14-hour photoperiod for 90 days. Plants were placed 
in the photoperiod at 2 inches of height. 
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height of L. cuneata strains subjected to 
difierent photoperiods at different stages of growth. 


Photoperiod 

Plant heights following treatments 
started at different stages of growth 

2-inch 

1 2-mch 

20-inch 

hours 1 

inches 

inches 

inches 

8„ ^ 

2.7 

13.5 

20.6 

10 ! 

2.8 

12.3 

21.4 

12 , ! 

4,9 

14.2 

22.1 

18 : , 

11.3 

16.4 

22.3 

14 1 

14.8 

16.8 

22.4 

15 1 

14.1 

16.8 

22.8 

Mean | 

8.4 

15.0 

21.9 


RESULTS AND DISCUSSION 

There was very little growth in plants subjected to 8, 
10, or 12 hours of light daily at any of the 3 stages of 
growth but plants in the 3 longest photoperiods increased 
height appreciably, particularly in the 2-mch groups 
(table 1). 

Most of the eight strains showed growth differences 
similar to the averages in table 1. The bushy or semi- 
prostrate strains were as tall, if not taller, in the 13-hour 
as in the 1 4-hour photoperiod. Typical response of plants 
placed under the various daylengths when 2 inches high 
is shown by strain 1-10-20 in figure 1. 

Interactions were found between strains and photo- 
periods, the greatest being between the 13- and l4-hoiir 
photoperiods (figures 2 and 3). Plants of strain 5--38-1 
were the smallest of those under 13 hours of light, but 
largest of those under 14 hours of light. Growth of some 
strains was retarded more by short days than was growth of 
others. Very little growth was made by any strain when 
grown under 8 or 10 hours of light Some straiOwS made 
fair growth under 12 and 13 hours, but none made maxi- 
mum growth under these daylengths. 

Strains such as 5-38-1 grew very slowly under a 13-hour 
light period, but grew rapidly under 14 hours of light. 
Other strains such as 5-30-7 made more erect growth 
under 13 hours than under 14 hours of light. These strains 
appeared to branch more under the 1 4-hour photoperiod 
than under the 13 -hour light period. Variation in response 
among the strains suggests the possibility of developing 
varieties that are better adapted to a given location. The 
fact that some strains made good growth under several 
photoperiods indicates that some strains might have a 
wider range of adaptation than others. 

Strain i-1 0-20 was the most consistent producer of 
chasmogamous flowers, followed by 5— 30-7 and Ga. 13- 
Strains 5-38-1 and l A-62 produced chasmogamous flowers 
only under 13 hours of light and when placed under the 
photoperiod at 2 inches of height. Table 2 shows that 
the majority of chasmogamous flowers were produced under 
13 hours of daily light. Photoperiods of 14 hours, 15 
hours, and natural day plus 3 hours of light at night had 
not produced chasmogamous flowers after 145 days fol- 
lowing seeding. 

Seed from cleistogamous flow^ers were formed about the 
same time or slightly after chasmogamous flowers were 
formed. In several cases, however, seed from cleistogamous 
flowers were produced where no chasmogamous flowers 
were formed. Table 3 shows that when plants were placed 


Fig., i. — Plants from strain , 1-10-20 of L, cuneata after remaim 
ing under 7 different photoperiods for : 90 days. Plants were 
placed in photoperiods at 2 inches of height. 


Fig. 2.— Plants from 8 strains of after under 

a 13-hoiir photoperiod for 90 days. Plants were placed In the 


photoperiod at 2 inches of height. 





Days before ehasmogamous flowers were noted 


Photoperiods 








Ga. 13 

hours 

1-10-14 

1-10-20 

1-25-12 

5-30-7 

5-38-4 

lA-62 

82433 





Plants 2 inches high 


US 


8, 10. 12. - - 

n 

* 

118 

73 

73 

73 

118 

* 

118 

lis 

. 




Plants 12 inches high 




8, 10 

: ' 12 ■ 

■ 

* 

1 ■ , 79 I 

:ti' ! 

79 

* 


■ -V 

96 

13.. : 


I" 79 

83 

79 



i . ■ ■ . 

yo 





Plants 20 inches high 


95 


8_ ■ 

93 

93 


•A- 



93 

10 

12 ... 

93 

95 

93 

95 

* 

105 

93 

93 

!|! 


I 

107 

118 

' 

IIS 

104 

104 

101 



.1 1 B 


Ko chasinoganious flowers formed. 


Table 3. — Days after seeding before seed form cleistogamous iltnvers appeared on strains of L. cuneata 

under four diiferent photoperiods. 


Photoperiods 

hours 


Days before seed from clei.stogamous flowers were noted 


1-10-14 

1-10-20 

1-25-12 

5-30-7 

5-38-1 

lA-«2 

82438 

Ga. 13 

8... 40, 12 


* ■ 

■* 

Plants 2 inches high 
!|; 1 * 


L 


m,.:. 

86 

73 

73 . 

73 

78 

77 ■ 

98 

98 

■" - 8,:., ,4: ^....,..,,2 

. ■ 

83 

79 

79 

Plants 12 
79 

nches high 

79 

83 

83 

98 

■ ■ io_.,.c: c 

83 

79 

79 

79 

79 

-t. 

90 

86 

■. 12 _■ 

: 79 '! 

77 

79 

77 

83 

83 

86 

79 

101 

‘■■IB...,,...,.,.:. 

118 ’ 

93 

98 

93 

86 

90 

90 

8..,-;:.:.. : ' 

9(1 

96 

101 

Plants 20 
98 

nches high 
101 

101 

96 

96 

: 4.0 ■: 

96 

96 

109 

96 

101 

101 

109 

101 

■■■ 12..'..: ■ 

104 

96 

104 

96 

101 

104 

101 ' 

101 

■■ 13.;... ; : 

118 

118 

US 

118 

118 

1 

118 

118 

US 


No spwi from clt*istiOg::inious flowers appeal efl. 


under light periods of S, 10, 12, and 13 hours at 12 or 
20 inches of height, cleistogamous dowers were formed. 
When plants were placed under the photoperiods at 2 
inches of height, only thdse under 1 3 hours of light formed 
cleistogamous flowers. There was no great difference among 
strains in formation of cleistogamous flowers as there was 
in the formation of ehasmogamous flowers. 


3 hours photoperiods. Table 4 shows that under 13 hours 
of light all strains produced some seed. Yield differences 
were not significant among the 8-, 10-, and O-hoiir photo- 
periods. Very few, if any, seeds were produced Irorn chas- 
mogamoiis flowers. The reason for failure of seed set from 
these flowers is not known; however, seed production from 
ehasmogamous flowers frecpently is low under greenhouse 



Sericea lesSpede 2 a strains may behave differently, but 
both ehasmogamous and cleistogamous flowers were formed 
under 13 hours of daylight. Total seed production was also 
greatest under the 13-hour photopeiiod. There was a dif- 
ference in seed setting among different strains. These 
studies were under greenhouse conditions, and whether the 
same relative amounts of seed would be produced under 
field conditions is not known. In all strains seed produc- 
tion response to photoperiods was great. Some strains pro- 
duced more seed than others. Ga, 13 had the largest mean 
yield, while 1-25-12 and lA-62 had the smallest. During 
the course of the experiment no seeds were produced on 
plants under the 14-hour, 15 -hour, and natural day plus 


conditions. 


Tannin content of leaves appeared to be affected greatly 
by different daylengths. Table 5 shows that tannin content 
of the leaves increased as daylengths increased. Tannin per- 
centages obtained under natural day plus 3 hours were 
about the same as those obtained from these strains under 
field conditions during the middle of August at Beltsville, 
Md. An increase in daylength affected some strains more 
than it did others. This interaction indicates that jow-tannin 
strains might have to be developed in the area in which 
they are to be grown, and also that low-tannin strains 
may be developed more successfully in some areas than in 
others. Of course, several other environmental factors may 
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Table 4. — Seed production from 8 strains of L. cuneata under 4 different photoperjods. 


Photoperiods 

hours 


13 


1-10-14 


0.01 


0.21 

.18 

.19 

.64 

.21 


Mean grams of seed produced per plant 


1 - 10-20 


0.11 


0.18 

.15 

.35 

.78 

.25 


1-25-12 


5-30-7 

' 

5-38-1 

lA-62 

82433 

Ga. 13 


Plants 2 inches high 


0.04 


0.68 


0.72 


0.18 


Plants 12 inches high 


0.03 

.03 

.03 

.54 

.11 


0.13 

,25 

,36 

.57 

.31 


Plants 20 inches high 


0.02 

.02 

.09 

.23 

.13 


0.03 

.02 

.01 

,47 

.10 


0 .^ 


0.33 


0.52 

.17 

.29 

1.00 

.44 


Mean 


0,02 

0.03 

0.01 

0.02 

0.01 

0.01 


0.01 

.01 

.05 

.01 

,03 

.01 

* 

0.01 

.01 

.08 

.06 

.03 

.06 

.01 

.01 

.01 

.18 

.55 

.54 

.25 

.65 

.03 ! 

.14 

.22 ■ 

1.40 


0.32 


0.01 

.02 

.06 

.47 


.016 

.12 

.18 

.62 

.22 


L.S.D. for: 

Strains 

Photoperiods X heights 


0.05 

.17 

,18 


0.01 

.23 

.24 


* No seed wero produced. 


Table 5. — Percent of tannin in leaves of L, cuneata strains 
grown under three different photoperiods. 


Strains 

8-hour 

13-hour 

Natural day 
plus 3 hours 
at night 

Mean 

1-10-14 

3.0 

6.5 

8.3 

5.9 

1-10-20 

7,3 

10.6 

12.1 

10,0 

1-25-12 

6.7 

8.7 

11.3 

8.9 

5-30-7. .- . 

9.9 

7.3 

12.9 

10.0 

5-38-H--- 

7.6 

6.2 

13.2 

9.0 

1A-62-, 

5,2 

7,9 

11.2 

8.1 

82433... 

6.9 

10.3 

9.8 ! 

8.8 

Ga. 13..„- - 

S 6.8 

1 

9.3 

13.5 

9.9 

Mean.- . 1 . 


8,4 

11.5 : 

8.9 

L. S. D, for: 


0 

.05 0.01 

Strains „ „ „ . _ . 


2 

.7 3.8 


Photoperiods . . . 

1 

.5 2.1 



affect the tannin content of a given strain at a given 
location. 

SUMMARY 

Very little vegetative growth was obtained ftom L. cune- 
ata plants grown under daylengths of less than 13 hours. 


The 13 -hour day produced fair growth and resulted in the 
most flowering and best seed production. The 13-hour 
photoperiod was the only treatment which resulted In pro- 
duction of chasmogamous flowers by all strains. Neither 
cleistogamoLis nor chasmogamous flowers were produced 
under photoperiods of 14 hours or longer. Tannin content 
of sericea lespedeza leaves increased as daylength increased. 
Different strains of sericea behaved differently under dif- 
ferent daylengths. 
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The Response of Crested Wheatgrass and Volunteer Sweetclover t 

to Nitrogen and Phosphorus Under Dryland Conditions’ : 

R. E. Stitt, J. C Hide, and Elmer Frahm- | 


C RESTED wheatgrass is one of the most important cul- 
tivated grasses for areas of limited precipitation in the 
Northern Great Plains and Rocky Mountain regions of the 
United States. It consists of numerous types of Agropyrari 
cnstdtnm (L.) Gaertn. and A. desertormn (Fisch.) Schult. 
Crested wheatgrass is an introduction from Asia and is 
now an important hay and pasture crop in the western 
United States. Production has usually been considered to 
vary with rainfall, but observations over a period of years 
have shown that yields become progressively lower with an 
increase in age of stand. This phenomenon is thought to be 
associated with low availability of nitrogen in the cool 
spring season of growth, 

EXPERIMENTAL PROCEDURE 

Since general observations indicated that commercial fertilizers 
would probably increase grass growth, a fertilizer study involv- 
ing nitrogen and phosphorus wa.s undertaken. The field selected 
was seeded to a mixture of Standard and Fairway crested wheat- 
grass in 1932 and is located on the Central Montana Branch Sta- 
tion at Moccasin. The grass stand cvas relatively pure, excepting 
that in some years voiunteer sweetclover {Melfloius ojfianaUs 
(L.) Lam.) was also present. The Judith clay loam soil of this 
field, because of underlying gravel at depths varying between 13 
and 40 inches, has only a moderate moisture storage capacity. 

In April 1946, ammonumi nitrate Avas applied wdth a fertilizer 
drill at rates which provided 0, 25, 50, 100, 150, and 200 pounds 
of nitrogen per acre. Superphosphate (42% PuOc) \vas applied 
across the ammonium nitrate plots at the rates equivalent to 0, 
20, 40, and 80 pounds of PijOf, per acre. The treatments w^ere 
replicated three times, and both the nitrogen and phosphate 
treatments were randomized within the blocks. In 1946, two sepa- 
rate 3- by lB“foot areas w^ere harvested from each plot, one for 
hay on June 25 and the second for hay and seed on Aug. 9. In 
1947 , the residual effects of the fertilizers \vere measured by 
harvesting 3- by 16- foot areas for hay on July 16 and square meter 
areas of the nitrogen treatments without phosphate on Aug. 15 
for hay and seed yields and chemical analyses. Square iueter samples 
were harvested for chemical anlaysis on July 8, 1948, from the 


plots of the area fertilized in 1946 in their third year of 
growth. The growth harvested in 1946 was entirely crested 
wheatgrass, since second-year sweetclover plants were not 
present. Under the conditions of this experiment, first-year 
sweetclover did not grow high enough to be cut by the 
mower. In 1947, there was an abundance of second-year 
sweetclover growing in the area selected for the fertilizer 
applications,"but on the area which had been fertilized in 
1946, the stand of second -year sweetclover was related to 
the fertilizer treatment. 

Response to Nitrogen Fertilizer 

Firshyear cfcc/a.—The hiijr yields, as affected by ammo- 
nium nitrate and superphosphate in the par of application, 
are given in tables I and 2. Marked responses were obtained 
from almost all levels of nitrogen application, without 
regard to phosphate Ie\'ei. In the June harvest in 1946, 
all of the plots receiving ammonium nitrate gave a signifi- 
cant increase in yield over the untreated plots. In general, 
the yields from this early harvest increased progressively 
with the rates of application of nitrogen fertilizer though 
the yield increase per unit of applied nitrogen decreased. 
The 25-pound nitrogen application consistently brought 
about a greater increase in yield than any additional similar 
increment in this harvest 

In the harvest representing total growth up to Aug. 9, 
1946, the 25-pound nitrogen application had almost no 
influence on yield. Evidently this light rate of application 
did not provide adequate nitrogen to stimulate grow^th late 
in the sea.son. The yields from the other ammonium nitrate 

Table 1.-— Yields of crested wheatgrass in pounds per acre 
harvested at two harvest dates in 1946 from ad joining 
plots following April 1946 application of nitrogen 
and phosphate. 


high nitrogen plots only, since the prevalence of volunteer sweet- 
clover in the other plots would have coinpHcated the interpre- 
tation of data. 

In April of 1947, a second experiment was started on an adja- 
cent area. Ammonium nitrate at nitrogen rates of 0, 25, 50, 100, 
and 200 pounds per acre, and superphosphate (42% PsaO.-.) at 
rates of 0, 20, 40, 60, and 80 pounds of P 2 O.-, per acre were 
applied in the 25 possible combinations arranged in a triple lattice 
design with 3 replications. Areas of these plots were harvested 
for hay on Aug. 15, 1947, A hay harvest to obtain residual effects 
was also made on July 8, 1948. 

RESULTS 

Yield data were secured from all plots for the first 2 
years followiag fertilizer application and from selected 

^ Contribution from the Field Crops Research Branch, A.R.A., 
U.S.D.A,, and the Montana Agr. Exp. Sta. Published with the 
approval of the Director of the Montana Agr. Exp. Sta. as Journal 
Series Paper No. 2X9. Presented in part at the meetings of the 
American Society of Agronomy in Cincinnati, Ohio, Nov. 20, 
1947 . Received Aug. 1, 1955. 

® Associate Agronomist, Research Professor of Soil.s, and Profes- 
sor of Chemistry, respectively. Acknowledgement is due Ralph M, 

, Williams, formerly Superintendent, and James L, Krali, Superin- 
tendent of the Central Montana Branch Station, for assistance in 
carrying put these investigations. 


Pounds i 
p .0 . 1 

Founds nitrogen per acre 


per acre 

0 

25 50 100 150 200 

age . 


First cutting bar ve,sted June 25, 1946 


(L- 

; 441 

598 591 735 729 i 877 

662 


^ 351 

527 699 775 743 1 873 

661 

40 

345 

527 619 : 641 777 795 

617 

80 

; 306 

552 686 792 729 1055 

681 

Average 

361 

551 649 i 736 744 J 900 



First cutting harvested August 9, 1946 



839 

734 1350 1523 1464 1699 

1267 


705 

698 1172 1305 1393 1785 

1176 

40,.. 

645 

696 1128 1290 1209 1651 

1103 

80 

746 

829 1242 1491 1389 1812 ; 

1251 

Average, . 

733 

739 1223 1402 1364 1737 

■ i 



L.S.D. 5% level 

June 25 harvest 
August 9 harvest 


Means N Mean.s F ^0 1 


Among 

treatments 


fiililillSilil' 
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treatments were nearly double those secured from the June 
harvest. On the August date of harvest, the 50-pound rate 
was most efficient 


Table 2 presents yields taken on July 17, 1947, from 
plots fertilized that spring. Nitrogen responses were ob- 
tained on crested wheatgrass at all levels of nitrogen appli- 
cation. When all phosphate treatments are averaged, each 
nitrogen increment progressively increased yields^ and the 
maximum yields were greater than in the previous year. 
These plots all contained second-year sweetclover on which 
nitrogen responses were evident. The 25-pound nitrogen 
application provided the maximum stimulation on second- 
year sweetclover growth, probably because at the heavier 
rates of nitrogen fertilization, the grass provided excessive 
competition for the sweetclover. Nitrogen responses to 
sweetclover were obtained only in this harvest, where the 
fertilizer was applied to plants which were already estab- 
lished. 


Second-year effects , — The yields obtained for the second- 
year of growth after the ammonium nitrate application are 
given in tables 3 and 4, 

The grass in the plots treated with ammonium nitrate 
shows yield increases from residual nitrogen during the 
year following application. In 1947, yield increases from 
nitrogen applied in 1946 were significant at the 50-pound 
and higher rates, as shown in table 3. From table 4 it is 
observed that in 1948 a significant increase from 1947 


Table 2. —Yields of crested wheatgrass, sweetclover, and total 
hay in pounds per acre harvested July 17, 194?, after April 
1947 application of nitrogen and phosphate. 


Pounds P 2 O j 
per acre 


Pounds nitrogen per acre 


50 


TOO 


200 


Aver- 

age 


0 

20 ,., 

40 

60 

80 


Crested wheatgrass 


Average., 


387 

246 

320 

241 

316 


60t 

607 

656 

758 

543 


302 633 1159 


1236 

1175 

1080 

926 

1377 


1690 

1844 

1750 

1477 

1922 


1737 


1465 

1890 

2406 

2204 

2405 


2074 


1076 

1152 

1243 

1121 

1313 


0 . 
20 , .. 

40 

60... 
80. _ 


366 

791 

533 

539 

466 


Sweetclover 


862 

703 

851 

792 

975 


602 

782 

617 

894 

793 


621 

574 

697 

688 

640 


712 

1083 

719 

678 

705 


633 

777 

683 

718 

716 


applied nitrogen was not encountered until the 100-pound 
rate of application was reached. Each increment of nitrogeii 
fertilizer progressively reduced the yield of second-year 
sweetclover in the mixture. Apparently this yield reduc- 
tion w^as caused through loss of stand during the seedling 
year from excessive competition by the nitrogen-stimulated 


m 


Tbml-year effects.— In 1948, the plots which received 
200 pounds of nitrogen in 1946 were free from second- 
year sweetclover, but sweetclover growth was abundant on 
all other plots. Thus, the stimulation to grass growth in 
1947 from nitrogen applied in 1946 at rates of 150 pounds 
per acre or less was not great enough to exclude the estab- 
lishment of sweetclover seedlings. 


Response to Phosphate Fertilizer 

F mi-year effects . — ^Yields of crested wheatgrass for 1946, 
as afeted by the superphosphate during the application 
year, are given in table 1. Sw^eetclover did not contribute 
to yields in this crop. The average crested wTieatgrass yields 
did not show significant differences among phosphate treat- 
ments. 

In 1947 , the grass yields were increased by the use of 
superphosphate, as given in table 2. The increase in rate 
of application of gave progressive yield increases, 

except for the 60-pound rate, which yielded less than the 
20-poiind rate. The yield of second-year sweetclover was 
not significantly affected by phosphate treatment in 1947 
when the phosphate was applied to established plants. 


Table 3.-— Yields of crested wheatgrass, sweetclover, and total 
hay in pounds per acre harvested July 16, 1947, after April 
1946 application of nitrogen and phosphate. 


Pounds 
P2Q:, 
per acre 



Pounds nitrogen per acre 


: 

■ 25 

50 

100 I 150 

200 


Aver- 

age 


Crested wheatgrass 


0 - : 

20 
40_. 
80- , 


Average - „ 


598 

470 

519 

445 


508 


708 

630 

711 

616 


666 


799 

777 

690 

865 


783 


698 

741 

802 

702 


736 


1054 

994 

998 

885 


982 


1420 

1508 

1468 

1428 


1456 


880 

853 

865 

824 


Sweetclover 


0 

40, 
80 . . 


189 

582 

403 

595 


267 

383 

327 

541 


134 

111 

88 

137 


15 

16 
41 
75 


13 

6 

39 

18 


0 

49 

10 

0 


103 

191 

151 

228 


, 

Average,. - - - - . - . 

539 

837 

727' 

644 

779 


Average-- 

442 

380 

118 

37 

19 

15 


0 - 

753 

Total 1 
1464 

lay 

1838 

2311 

2177 

1709 




Total hay 




20- ■„ 

1037 

1310 

1907 

2418 

2973 

1929 


787 

975 

933 

713 

1067 

1420 

98a 

40 

853 

1507 

1697 

2447 

3125 

1926 

20,. - . 

1052 

1013 

888 

757 

1000 

1557 

1044 

60. - 

780 

1550 

1820 

2665 

2882 

1839 

40 

922 

1038 

778 

843 

1037 

1478 

1016 

80-. ------- 

782 

1518 

2170 

2562 

3110 

2029 

80 

1040 

1157 

1002 

777 

903 

1428 

1052 

Average ' 

841 ; 

1470 1 

1886 

2381 

2853 


Average.- 

950 

1046 

901 

773 

1001 

1471 


L.S.D. 5% level 

Means N 

Means P 2 O 

Among 

treatments 

L.S.D. B% level 

Means N 

Means P 2 O r. 

Among 

treatments 


Crested wheatgrass 
Sweetclover 
Total hay 


63 

63 

141 

Crested wheatgrass 

162 

N.S. 

421 

142 

N.S. 

319 

Sweetclover 

103 

N.S. 

260 

188 

188 

420 

Total Hay 

176 

N.S. 

381 
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Second-year effects influence of phosphate on the 
yield of the second-year crop of crested wheatgrass and 
sweetclover following the application of superphosphate is 
given in tables 3 and 4. The average yield for each phos- 
phate level for both sweetclover and crested wheatgrass does 
not show a significant response to the residual effect of 
phosphate, although the rates above 40 pounds of P 2 O- 
per acre gave actual yield increases. The yield increase in 
total hay was significant at the 5% level in the 1948 harvest 
for a phosphate application rate of 80 pounds per acre. 
There was a trend for yields to increase with increasing 
rates of application. 

Without nitrogen, superphosphate tended to encourage 
the establishment of sweetclover, and this shows up in its 
effect on yields the year after application, as shown in tables 
3 and 4. The increased growth of sweetclover exceeds any 
reduction in grass yield that may have occurred. Thus, the 
use of a phosphate fertiliser shows promise as a method 
of increasing hay yields from these areas by encouraging 
sweetclover growth. 

Combined Effect of Nitrogen and Phosphate Fertilixers 
on Hay Yields 

Hay yields by individual treatments are presented in 
tables 1 to 4. Without nitrogen, phosphorus fertilizers had 
slight influence on crested wheatgrass yields, whereas at 
high rates of nitrogen application, phosphorus increased 
grass growth at some harvest dates. The influence of phos- 

Table 4.*—Yields of crested wheatgrass, sweetclover, and total 
hay in pounds per acre harvested July 8, 1948, after April 
1947 application of nitrogen and phosphate. 


Table 5. — Protein and phosphorus content t>f crested wlieat- 
grass harvested June 25, 1946 as affected 
by fertilizer treatment. 


, ■ ■ ' ■ : 

. ' ' ■ ' ' : 

Pounds P 2 O 5 
per acre 

Pounds nitrogen per acre 

Aver- 

age 

0 

- 25':. ■ 

50 

100 

200 


Gres 

ted wheatgrass 



0. - - 

877 

1076 

944 

1433 

1686 

1208 

20-... 

972 

736 

941 

1187 

2168 

1201 

40 

814 

909 

1002 

1294 

1899 

1184 

60. 

839 

1017 

987; 

1336 

2000 

1236 

SO - 

780 

932 

1026 

1417 

2155 

1258 

Averaire...' ■ ... ! 

952 

934 

.980 

1334 

1981 



Sweetclover 




0..„ - 

436 

18 

4 

0 

7" 0 i 

92 



157 

, 5 

0 

7 

' .07 

34 

40 

1.302 

81 

4 

0 

0 

277 



1314 

170 

3 

0 

0 

297 

80 

122.3 

68 

3 

0 

0 

259 

Average^ . _ 

886 

68 

3 

■■ T', 

0 




Total hay 






1313 

1094 

948 

1433 

1686 

1295 


1129 

741 

941 

1194 

2168 

1235 

40 

2116 

990 

1006 

1294 

1899 

1461 


2153 

1187 

990 

1336 

2000 

1533 

■80-ic 

1983 1 

1000 

1029 

1417 

■:2I55, 

1517 

Average- - 

1 1738; 1 
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phate on grass yields was erratic when intermediate rates 
of nitrogen w'ere applied. The phosphate response at high 
nitrogen levels in both the year of application and the year 
following appiiation \\^ere considerably greater in the plots 
on which the fertiliser was applied in 1947 than 00 the 
plots fertilized in 1946. 

On the area fertilized in 1947, a volimteer stand of 
sweetclover had been established the previous year, so that 
the fertilizer was applied early in the second year of its 
growth. Under these circumstances (table 2), the combined 
use of nitrogen and phosphate tended to increase yields, 
although there was considerable variation among some treat- 
ments, which did not follow a consistent pattern. 

The use of phosphate without nitrogen increased seedling 
sweetclover survival at the 20-pounci and higher rates in 
1S146 and at 40-pound and higher rates in 1947. This did 
not affect sweetclover yields until it produced hay in its 
seamd year of growth, as shown in tables 3 and 4. When 
nitrogen was applied with the phosphate, only a few .seed> 
ling sweetclover plants became established, and phosporiis 
could have no effect, on sweetclover yields. 

Protein and Phosphoru.s 

Determinations of protein and phosphorus were made on 
samples from the untreated and high phosphate plots at 
the different nitrogen levels from the harvest of June 25, 
1946. The.se samples consisted of pure crested wheatgrass, 
since sweetclover did not contribute to hay yields in this 
crop. The data are presented in tabic 5. Percentage and 
yield of protein and yield of phosphorus increa.sed with 
the ammonium nitrate rates. Superphosphate significant!}' 
changed the percentage of phosphorus at only 2 of the 3 
higher rates of phosphate application and did nc^t influence 
protein content. Superphosphate increased the yield of pro- 
tein at the high rate of nitrogen application. 

Samples were harvested in 1948 from the plots receiving 
high nitrogen and varying rates of phosphate in 1946. Vol- 
unteer sweetclover was not present in these plots. These 
data are not presented in the table, but the samples con- 
tained an average of 7.09% protein and 0.16% phos- 
phorus. Neither protein nor phosphorus content of crested 
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wheatgrass was affected significantly by the applications of 
superphosphate, although the combined phosphate and 
nitrogen treatment gave a higher yield of phosphorus than 
did nitrogen alone. 

Seed Yields of Crested Wheatgrass 

Crested wheatgrass seed yields were obtained on Aug. 
9, 1946, and on Aug, 15, 1947, and the data are given 
in table 6. Yields of seed in 1946 were very low, although 
the lOO-pound nitrogen rate gave significant increase over 
the check. The seed yields for the rates above 100 pounds 
nitrogen were lower or equal to those of untreated plots. 
Germination of the 1946 seed was reduced slightly by the 
150- to 200-pound nitrogen rates. 

Seed yields in 1947 were not affected by fertilizer applied 
in 1946. 

Nitrogen applied in 1947 increased crested wheatgrass 
seed yields during that year. The nitrogen rates of 200 
pounds did not yield any more than the 100-pound rate. 
With 100 pounds or less of nitrogen, phosphate did not 
increase seed production. However, the largest amount of 
seed was obtained from the use of 80 pounds phosphate 
with 200 pounds nitrogen. 

■ , DISCUSSION ■ 

This fertilizer study was conducted at the Central Mon- 
tana Branch Station, where the 1909 to 1953 average annual 
precipitation is 15.00 inches, and the April 1 to Sept. 30 
rainfall averages 11.16 inches. The elevation is 4,250 feet. 
Climatic concditions in the area are considered favorable 
for the growth of crested wheatgrass. Crested wheatgrass 
yields, where no fertilizer was used, were much iower in 
the 1946 to 1948 period than they had been during the 
preceding 4-year period. During the period of this study, 
both the growing season precipitation and the annual pre- 
cipitation were 1 to 3 inches above average. However, the 
Oct, 1 to May 31 precipitation for 1946, 1947, and 1948 
were, respectively, .5.61, 7-51, and 6.59 inches, with the 
long-time average for this period being 7.12 inches. Since 
in the Northern Plains area, winter moisture is more effi- 
ciently stored than summer moisture, and since crested 
wheatgrass makes a high proportion of its growth early 
in the season, it appears that from the moisture stand- 


point, the study was conducted under approximately aver- 
age conditions. 

It is widely believed that, under Great Plains conditions, 
available moisture determines the crop production poten- 
tial of the area and that low soil fertility seldom limits crop 
production. However, for grass production, nitrogen appli- 
cations have more than doubled yields in the year of appli- 
cation, and from heavy nitrogen applications, residual effects 
have carried into the third crop season. Under the rainfall 
conditions prevailing in the area, nitrogen would rarely be 
leached from the soil. Where heavy vegetative responses to 
nitrogen were obtained, the increases in seed yields were 
slight. 

Although the response of crested wheatgrass to nitrogen 
w^as favorable, it is doubtful that applications under dry- 
land conditions would be generally economical with present 
fertilizer costs. While the use of nitrogen more than 
doubled the yield of crested wheatgrass in 1946, when 
relatively pure stands occurred, the yield of protein per 
acre was increased between 3 and 5 times. In order to 
properly evaluate the economic feasibility of the practice, 
feeding or grazing trials would be necessary. The retaining 
of available nitrogen in the soil for long periods of time 
might make high rates of afjplication practical. Lower cost 
of nitrogenous fertilizers would also alter the economy of 
their use for dryland grass and make possible a much 
higher gra.ss production level, 

Sweetdover was maintained in the crested wheatgrass 
stands only when phosphate was applied without nitrogen. 
When phosphate fertilizer Increased the yield of sweet- 
clover, the yield of crested wheatgrass was either unaffected 
or only slightly influenced. Thus, the yield of total hay was 
increased approximately in direct proportion to the increase 
in sweetdover growth. Sweetdover provided from one- 
fourth to over one-half of the total forage yield when 
present Hence, the use of sweetcloyer or other adapted 
legumes in combination with crested wheatgrass should be 
more economical than the use of nitrogenous fertilizer. The 
use of phosphatic fertilizer on phosphate deficient soils 
under some dryland conditions should be of value in in- 
creasing the sweetdover in the mixture. The study has 
dearly demonstrated that, under the dryland conditions pre- 
vailing in the area, the water available to the crop is not 
the only variable which influences the yielding ability of a 
grass crop or a grass-legume mixture. Further studies are 
needed to determine if fertilizers can be used to increase 
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the efik'iency of water use in the area. If the fertility level Rates of apphaitioii of 100 to 200 pounds per acre of , 

can be balanced with the potential water supply for the nitrogen increased yields of crested wheat, grass in the set- r 

crop, it is probable that the efficiency of both water and ond year following application. i 

fertilizer use can be increased. This will require a much Ammonium nitrate applications decreased the .stand <>1 | 

more detailed type of experiment than has yet been under- second-year sweetclover the year following the application, ; 

appiirently by discouraging the establishment oi seedlings | 

i ^ * during the year of nitrogen, application. The higher rates 

SUMMARY kept sweetclover even in the third year following 

. . ^ application. 

Two studies were made^ on the efteets ot difterent rates Superphosphate increased the stands of sweetclover by 

of application of ammonium nitrate and superphosphate helping survival during the seedling stage. The growth of 
alone and in combination to a mixed stand of crested wheat- grass was also increased when the superphosphate was used f 

grass and sweetclover that had been established 14 years. with a high rate of ammonium nitrate. 

In 1947, 25 pounds of nitrogen per acre increased the Growing sweetclover or other adapted legumes with the 

growth of ’crested wheatgrass during the application year, grass would probably be a more economical method of 
but similar applications in 1946 did "not produce signilicant obtaining higher yields under dryland conditions than the 

season-long yield increases, although it increased the early application of commercial nitrogenous fertilizers, llie use 

growth. The higher rates of application increased the yields of superphosphate to encourage the establishment of sweet- 

m both 1946 and 1947. clover stands may be profitable. 


An Evaluation of and Polycross Progeny Testing in AlMfa' 

R. L. Davis- 


T he interest in ascertaining the predictive value of vari- 
ous methods of progeny testing is evidenced by the 
recent papers on the subject Characteristics evaluated have 
varied depending on the species. Various progeny rela- 
tionships have been investigated in the following species: 
bromegrass (3, 8, 9, and 10); orchardgrass (6, 11, 12, 
and 15); alfalfa (13, 16, and 17) ; sweet clover (5); tim- 
othy^ (11); and crested wheatgrass (S). 

When the data are summarized, the in consistencicvS among 
and within the various species make it d ifiicult for the plant 
breeder to choose an efficient progeny test Part of this 
inconsistency is undoubtedly due to differences in cultural 
practices such as row seedings compared with spaced plant- 
ings, the polyploidy of the species, types of pollination, 
composition of open-pbllinated and polycross nurseries, 
genetic variability among the lines tested, and number of 
years tested. 

The purpose of this paper is to present data and discuss 
Sj and PX (polycross) progeny testing. Various characters 
were evaluated. Synthetic yields were compared to clonal 
and PX progeny yields. 

REVIEW OF LITERATURE 

Weiss, e/ al. (15) in studies with orchardgrass using spaced 
clonal plants and row seeded OP (open-poliinated) progenies 
found both negative and positive correlations for yield. The OP 
progeny was from seed collected from only one clonal plant. 

^ Contribution from the Department of Agronomy, Purdue Uni- 
versity, Lafayette, Ind. Journal Paper No. 900. Purdue University 
Agr. Exp. Sta. Supported in part by grants from the Indiana 
Farm Bureau. Received Aug, 3, 1955. 

Associate Professor in Agronomy, 

® Wilder, W. G. Methods of evaluating cione.s of timothy, 

‘ . Fhleum pratensef and their breeding behavior. M.S. thesis. .Purdue 

, . ' ' Univ. 1951. 



When SC (single cross) piT)geny yields wtae umipared tit the 
clones, the r values were significantly negative to .sigaificuntiy posi- 
tive. This was true also for SC yields vs, OP yields. Orchardgrass 
data of Kalton, e/ ix/. (6) showed a negative to significant positive 
correlation for yield for Sa with Si and So with Sa plants. Heritahil- 
ity was negative to low, suggesting environment was the major 
influence. In contra.st, Oldenieyer and Hanson (12) obtained sig- 
nificant correlations for yield between clones and SC; clones and 
FX; and SC and PX ranging from 0.63 to 0.74 for 10 df. The 
interaction for broadcast vs. spaced plantings was also significant. 

In bromegrass testing, Knowles (9) observed significant corre- 
lations for yields between top crosses and OP progenies produced 
in a non-replicated clonal nursery. Fie suggested no mattrial bene- 
fits from replicated clonal nurseries for pn)diu:tion of OP seed. 
This is at variance with recent data (4). FI eritahi I ity calculated 
from progeny-parent regression varied from 24 to 68 and from 
68 to 100% for yield and creeping liabit, respectively. Flowever, in 
1950 Knowles (8) obtained oon-significant correlations between 
the yields of controlled crosses and OP progenies, I’his was attrib- 
uted to selling within the control led crosses. 

McDonald, et j/. (10) computed the yield relationship.s between 
So, Si, and QP bromegrass plants in both spaced and .row seed- 
ings. One significant correlation of 0,54 for 38 df was obtained 
for S« spaced plants and OP spaced progenies. Other associations 
were low and both positive and negative, .suggesting an inter- 
action with method of seeding. Hawk and Wilsie w4th bromegrass 
(3) found all yield correlations between parental dories and OP 
progenies, and among the yarious harvests of OP progenies highly 
significant. The r values for the relationship betw’een S„, Si, Sa. 
and the OP progenies of these 3 generations ranged from 0.06 
to 0.55 for 24 df. Hovwer, the St and generations were repre- 
sented by a selected and very limited .sample. 

In evaluating alfalfa, Tysdal and Crandall (15) recorded simi- 
lar rankings for 6 clones using top cro.s.s, PX. and SC progeny 
evaluations. Wilsie (16) in a space-planted clonal, St, and OP 
nursery obtained .significant yield correlations between clones and 
OP, between clones and St, and between St and OP. Wilsie and 
Skoiy (17) reported significant r values hetw'een OP and Ss 
progenies. 

Significant correlaticms were obtained from sweet clover yieltls 
between OP and PX; St and OP; and St and PX of ().7<)( 0.65 
and 0.80 respectively with 17 df (5). 
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Low and non-significant correlations were reported by Wilder^ 
with timothy between clones and Si spaced; clones and PX 
spaced and seeded; and Si and PX spaced. When Si and PX 
spaced were compared with PX seeded, both positive and negative 
non-significant correlations were obtained. 

Parent-progeny relationships for characteristics other than yield 
have been less variable. Meyers and Chilton (11) obtained r 
values for winter survival between clones and Si progenies of 
0.90 and 0.85 for orcliardgrass and timothy, respectively. Weiss, 
et al. (15) found winter survival of orcliardgrass clones was sig- 
niiicantly correlated with OP progenies. Also in orcliardgrass, 
Kalton, et al, (6) reported So plants, Si plants, and Sa family 
means were signiticantly correlated for leaf width and maturity. 
Tysdal and Crandall (13) reported the following correlations for 
bacterial wilt: PX vs. Si, 0.80 (14 df) and (2) PX vs, 

clone, 0.3s (44 df). Also for leaf hopper yellowing, the r value 
was 0.59 with 33 df for clones and the PX progenies. With 
ladino clover, Brigham and Wilsie (1) reported highly signifi- 
cant correlations of r = 0.84 with 8 df between seed setting of 
clones and the OP progenies and r = 0.92 for clones and the 
SC progenies. 

Johnson and Hoover (5) found the predicted yields for OP 
performance in fair agreement with Syn 1 yields synthesized from 
intercrossing selected Si plants. Of 4 groups tested, the high yield- 
ing group and low yielding group reacted as expected. However, 
the medium low group produced a synthetic with higher yields 
than the medium high group. This was attributed to differences 
in combining ability. 

Interseasonal- and interannual-variety interactions often confound 
the genetic differences and limit the predictive value of progeny 
tests. Correlations ranging from significantly negative to signifi- 
cantly positive have been reported (6, 10, and 15) . 

MATERIALS AND METHODS 

The data were from 3 nunseries as follows: fIJ space-planted 
clonal nursery, space-planted progeny nursery with paired 
rows of Si and PX progenies, and a seeded PX nursery. 

In May, 1948, 225 clonal lines were transplanted into the 
field for further evaluation and production of PX seed. The nurs- 
ery consisted of 6 replications in a 15 by 15 triple lattice design 
to obtain a random distribution of pollen. The rows had 8 plants 
of each clone in each replication, giving a total of 48 plants. 
Plants were spaced 18 inches apart in rows 40 inches apart Green 
weight of forage was obtained for the first harvest in 1949, but 
the second growth was allowed to produce PX seed. Vigor was 
estimated May 12 and June 20, 1949. Sel fed seed from 6 1 selected 
clones was obtained in the greenhouse in the wfinter of ^ 1949-50. 
These seed together with PX seed of the same 61 lines, plus 
Ranger, Buffalo and Atlantic checks were seeded in greenhouse 
fiats and the plants transplanted to the field in May 1950 with 
4 replications in an 8 by 8 simple lattice. The Si and PX progeny 
rows were paired at random for each entry. The 10 plant rows 
were 40 inches apart with plants within rows 40 inches. A total 
of 40 plants of each PX and 40 of each Si progeny was trans- 
planted. Some plants were lost during transplanting and a large 
number was lo.st in some lines during the winter of 1930-51. 
Consequently, all data were calculated on a per plant basis. 

An estimate of total yield was made by scoring the most vipr- 
ous plant as 1 and the least vigorous as 9. These vigor ratings 
were used since analysis of yield data vs. vigor ratings in the 
clonal nursery had given significant correlation coefficients. The 
rating of H. H. Krameivwith yield was 0.893 and the rating 
of R. L. Davis with yield w’-as 0.897. Also the r values of the 
ratings of H. H. Kramer and those made by R, L. Davis was 
0.917. Vigor ratings were recorded on May 1951, May 1952, 
June 1952, and April 1953. Green weights w^ere taken on indi- 
vidual plants in June, July, and September, 1951. 

Pseudopeziza leafspot ratings were made as described by Davis 
(2). Blooming indices and seed set were scored visually. Percent 
stand was the number of plants remaining August 1953 compared 
to the number surviving the transplanting in 1950, 

On the basis of the clonal data, PX seed was harvested from 
U7 of the 225 clones. These, plus 7 check varieties, were seeded 
in rows 18 feet long and 40 inches apart. The nursery w^as seeded 
in April 1950 with 4 replications in a 11 by 11 simple lattice. 
The seeded area w''as on a new farm on recently tiled land and one 
replication was partly destroyed by excess water. Only 3 replica- 


^ Op, at. 


tions W'^ere used in the computations. Three hay harvests were 
taken in 1951 and 1952 and 2 in 1953. Blooming indices and 
seed set were recorded on the third harvest in 1953. Stands were 
calculated by counting the missing xinits ( 6 inch gap.s) as sug- 
gested by Kramer and Davis (7). 

The three 4-clofle synthetics w^ere seeded May 1952 in 4-row’- 
plots 1 foot apart and plots 27 feet long. The nursery was har- 
vested 3 times each year and recorded as tons per acre at 12% 
moisture. 

RESULTS 

Yield Relatiofiship Between Clones and Progeny 

The yield relationship between the parental clones and 
both the and PX progenies as measured by correlation 
coefficients is presented in table 1. The r values were 
larger for the parent-S.^^ progeny when yields were meas- 
ured by both vigor ratings and green weight of harvested 
forage. However, the correlation of the parents with the 

progenies was significantly different from the same cor- 
relation with the spaced PX progenies only for the green 
weight measurement. Only one year’s data were available 
for this computation. The correlation coefficient of 0.47 
between the clones and the seeded PX progenies was sig- 
nificant even though the clones were in a space-planted 
nursery and the PX progenies were in a seeded-row nursery. 

Yield Relationship Among Progenies 

The correlation coefficients of the various clonal prog- 
enies are given in table 2. When the vigor rating of the 
plants was the yield criterion, the r value of 0.56 between 
Sj and PX progenies In the spaced nursery was highly sig- 


Table L — Correlation coefficients of parental clones 
and progeny yields. 


Characters correlated 

df 

Gorreiation 

coefficients 

Vigor ratings 

Parent clones and 

S t s (3 year ave.) _ 

57 

0.47='^ 

Spaced PX (3 year ave.) _ 

57 


Green cut 

Parent clones and 

Si’s 1951__L 

58 

0.56** 

Spaced PX 1 951 „ _ . _ 

58 

.32* 

Seeded PX (3 year ave. ) . . _ „ _ „ „ 

112 

.47** 


* Significant at the 5 % level. 
Significant at the 1%. level. 


Table 2. — ^Yield relationship of various progenies as measured 
by correlation coefficients. 


Characters correlated 

df 

Correlation 

coefficients 

S I’s rated (3 year ave.) and 

Spaced PX rated (3 year ave.) 



59 

0.56** 

Seeded PX green cut (S-year ave.) 

57 

.22 

Si’s green cut (1951) and 



Spaced PX green cut (1951). „ 

60 

.26* 

Seeded PX green cut (1951) 

58 

.12 

Spaced PX rated (3-year aye.) and 



Seeded PX green cut (3-year ave,) 

57 

.50** 


* Significant at the 5% level. 
** Significant at the 1% level. 
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Table 3.— Correlation coefficients of progeny yields in 1951 
With those in 1952. 


Characters correlated 

df 

Correlation 

coefficients 

S /s tated (1951) and 

S 1 ’s rated (1952) - - -- 

62 

0.61=^* 

Spaced PX rated (1951) and 

Spaced PX rated (1952) 

62 

.66** 

Seeded PX green cut (1951) 

Seeded PX green cut (1952) - 

119 

.69** 

Significant, at the I’^c* level. 




nificant. When the same progenies were correlated with 
the PX progenies in the seeded nursery, r z: 0.22 was not 
significant But these PX progenies differed from the S/s 
in measurement of yield and in method of planting. How- 
ever, when the Sj's and PX’s diifered only by method of 
planting, Sj green cut vs. seeded PX, r z: 0.12 w^as still 
not significvint Furthermore, the PX progenies rated in the 
space-planted nursery compared with the same PX prog- 
enies seeded and measured by green-cut harvested, gpe a 
correlation coefficient of 0.50 which was highly significant. 
The lack of significant association w^as attributed to the 
method of planting. In the spaced nursery, the weak, non- 
vigorous plants had a much better chance of surviving in 
both the and PX progenies. However, a larger percent- 
age of such plants would be found in the populations. 
In contrast, such non-vigoroiis plants could be eliminated 
in the row seedings (14). The greater proportion of such 
non-vigorous plants in the spaced population would 
reduce the total correlation value between the spaced and 
seeded polycross. 

Genetic-environmental interactions are important in 
measuring genetic relationships. Even though the correla- 
tion coefficients were highly significant for 1951 vs, ,1952 
yield data, only 36 to 40% of the genetic variation could 
be accounted for (table 3) . The r value 0.69 for the har- 
ve.sted yields was only slightly Higher than the 0,6 1 and 
0.66 for the estinrated 

Correlation Coefficients for Characteristics 
Other Than Yield 

Clonal and progeny relationship for factors other than 
yield are of paramount importance in estimating the effi- 
ciency of various methods of progeny testing. The r value of 
0,79 for the association of clones and progenies for leaf- 
spot appeared to be slightly higher than the 0.76 for the 
clone vs. PX (table 4) , This relationship was similar for the 
leaf hopper yellowing measurements of r z: 0.44 and 0.31 
for and PX, respectively, even though the r values for 
the leafspot measurements were higher than those for leaf- 
hopper yellowing. As expected, the values for the vs. 
PX progenies were highly significant for both Pseudopezha 
(0.91) and leafhopper yellowing (0.80). 

The correlation coefficients for certain agronomic char- 
acteristics are recorded in table 5. Since good seed produc- 
tion is a prerequisite of every alfalfa variety and since seed 
production can not be measured with certainty every year 
( la the breeding nursery, the relationship between blooming 
indices and seed set was recorded. The r values between 



Table 4.— Currelatitm coefficients of disease and insect ratings 

of parental clones and progenies. ^ 


Characters correlated 

; df 

! 

I Correlation 

1 coeffidents 

1 , 

P.seudopeziza leafspot of clones and 

Rating of S /s.. 

Rating of PX (spaced) 

I 

59 
: 59 

0.79** 

.76** 

P.seudepeziza leafspot of PX (spaced ) and 
Rating of S /s - 

^ 59 ' 

! : 

.91** 

Leafhopper yellomng of clones and 

Rating of S /s . - 

Rating of PX (.spaced) . 

i 59 
j 59 

1 

44** 

.61* 

Leafhopper yellowing of PX and 

Rating of S /s 

i 59 

.80** 


* SignifiGaiit iit the 5% level 
’ ' Significant at U’l ievel. 


Table 5,— -Correlation coefficients of inorphidogical and agro- 
nomic characters. 


Characters (‘orrdated 

df 

'' 

Corr(4ation 

coefficients ) 

Blooming indicies PX (spaced) and 

Seed set PX (.spaced c 

Blooming indicie.s S /s 

62 

0.44” 

62 , 

.55” , 

Blooming indicies PX (seeded) and 

Seed .set of PX_ 

119 


■ , i 

Blloraing indicies of S i ’s and | 

Seed set of S i s . : .. , .. 

62 

.21 I 

Seed set of PX (spaced) and 

Seed set of S /s - „ . - ^ ^ .. . 

62 

.38** 

Percent stand PX (spaced) and 

Percent stand PX (seeded ) „ . 

58. ■ 

.54 j 

1 


* .Significant at j he level 
.Significant at thi* 1% level 


blooming indices and seed set for 62 df was 0.44 in the 
spaced nursery and for 119 df was 0.67 in the .seeded 
nursery. Also there was a significant r value of 0.65 between 
blooming indices of the and PX’s. However, the seed 
set of the Sj’s could not be predicted from the blooming 
indices, (r z: 0.21) but the .seed set of the S/.s and PX’s 
was significantly corredated (r z: 0.38). 

Various measurements of stand and yield have sugge.sted 
that 75 to 85% of the yield differences in alfalfa could be 
attributed to differencewS in stand. The r value of ().54 for 
spaced vs. seeded suggests that a good stand estimate could 
be made in a spaced PX nursery. 

Synthetic Yields 

The yields of three 4-clone synthetics were compared 
with average clonal yiekis of the 4 lines constituting the 
synthetic and seeded PX progeny yields of these lines 
(table 6). 

^ It is evident that the .synthetic yields could not be pre- 
dicted from clonal performance. Synthetic B, compt)sed of 
plants having the highest clonal yield, produced the lowest 
yielding synthetic. However, the yields of the synthetic 
could be predicted from the PX progeny yields, Synthetic 
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Table 6.— Comparison of synthetic yields with the clonal and 
PX yields of composited lines. 


Syntheticr’' 

Clonal 
yield 
per plant 
1949 

PX 
yields 
per row 
3-yr. ave. 

Synthetic 
yield 
per acre 
2-yr.ave. 


lbs. 

lbs. 

tons 

A._ , . 

1.38 

18,0 

4.33 

B 

1.41 

14,9 

3.76 



1.27 

18.2 

4.59 

Four-clone synthetics. 




Table 7. — ^Theoretical progeny values of clones. Si 

’s and PX’s 

for 

a dihybrid. 




Value in units 











s, 

PX 


Clonal 

progeny 

progeny 

A.ABB ... . 

16 

16 

13.0 

AABb. 

13 

13 

11.5 

AAbb„ 

10 

10 

10.0 

AaBB 

13 

13 

11.5 

AaBb,., , „ 

10 

10 

10.0 

Aabb ,■ 

7 

7 

8.5 

aaBB 

10 

10 

10.0 

aaBb... ■ „ 

7 

7 

8.5 

aabb.. . - - 

4 

4 

7.0 


C with the highest PX progeny produced the most forage 
in the synthetic combinations, whereas, Synthetic B with 
the lowest PX yields had the lowest synthetic yields. The 
other combination was intermediate in both PX and syn- 
thetic production. 

DISCUSSION AND CONCLUSION 

The correlation coefficients for all characters studied were 
higher for the clone vs. than for the clone vs. PX. This 
was expected from the theoretical distribution of genotypes 
presented in table 7 assuming additive gene action, non- 
dominance, and no epistasis. The genetic correlation coeffi- 
cients for both the Sj and PX values in table 7 were 1. 
However, the range of theoretical values for the PX prog- 
enies is 50% as much as the clones or progenies. Any 
genetic-environmental interactions would tend to reduce the 
phenotypic correlations of the clone and PX more than 
the done and S^. This was observed in all comparisons 
studied. 

Clones, or individual plants as such, can be satisfactorily 
evaluated for some characteristics such as disease and some 
morphological characters. However, the critical test is the 
prepotency of the clones. Data presented showed that both 

and PX progenies were significantly correlated with the 
clonal values for all characters evaluated. Also when sim- 
ilar methods of culture were used, the Sj and PX progenies 
were correlated. This suggests that if PX seed cannot be 
produced, then the progeny could be used to estimate 
the prepotency of the clone in a breeding program. 

Even though the clones per se could have been used for 
leafspot evaluations, and possibly stand and blooming in-; 
dices, the progeny test was, essential for compositing the 
synthetics. 


Tysdal and Kiesselbach (14) suggested the polyeross 
progeny test for predicting the prepotency of clones. They 
suggested selecting self -incompatible plants to force cross- 
pollination and give a better measure of general combin- 
ing ability. However, Wilsie (16) found no significant 
correlations betw^een the self-compatibility and yield of the 
polycross progeny. Environmental conditions in areas hav- 
ing intensive breeding programs often limit or prohibit the 
production of polycross seed. Adequate selfed seed for a 
progeny test can be obtained from clones in the green- 
house. The progeny gave a better predictive value of 
the clone than the polycross progeny for ail characteristics 
compared in this paper. 

Considering all the facts on progeny testing, the fol- 
lowing approach is suggested for alfalfa: 

1. Self the obviously superior plants, e.g., those resist- 
ant to various diseases and insects. 

2. Transplant 50 or more Sj plants of each line using 
at least 10 replications. 

3. Evaluate for all characteristics. 

4. Eliminate the undesirable lines and the inferior plants 
within the more desirable lines. Allow the remaining 
plants to inter-pollinate and harvest polycross seed from 
the selected plants. 

5. Use the results of the polycross progeny test to com- 
bine desirable clonal lines into synthetics. 

SUMMARY 

Parent-progeny correlation coefficients were presented for 
yield, diseases, insects, and various agronomic characteris- 
tics. The clones and S/s were in a space planted nursery; 
and the polycross progenies were in both a space-planted 
nursery and a seeded row nursery. All the correlation coeffi- 
cients calculated for clones and progenies and clones 
and polycross progenies were significant. However, the r 
values for clones vs. progenies were always higher than 
those for clones vs. polycross progenies. 

The correlation coefficients for yield between the 
progenies and polycross progenies were significant when 
similar methods of planting were used. However, the yields 
in the spaced polycross nursery were significantly corre- 
lated with the yields in the row-seeded polyeross nursery. 

Correlation coefficients for yield values from both the 
spaced and seeded progeny nurseries in 1951 were signifi- 
cantly correlated with the yield values in the same nurs- 
eries in 1952. 

Theoretical distributions of values of clonal, prog- 
enies, and polyeross progenies were presented and the rela- 
tion to the observed values was discussed. 

Considering all the data on progeny testing, a breeding 
approach for alfalfa is suggested. 
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Hygroscopic Equilibrium and Viability of Naturally and 
Artificially Dried Seed of Crimson Clover, 
Trifolium imarnatuni 

H. S. Ward, Jr. and J. L. ButtV 


I NCREASED production of pasture and forage crops in 
the Southeastern United States has been accompanied 
by a corresponding rise in harvesting, pfocessing, and stor- 
age of seed from these crops. If seed of high viability are 
planted, it is necessary to know how to cure and store these 
seed. Little is known concerning the behavior of seed dur- 
ing curing and storage under Southeastern climatic condi- 
tions. 4" 

Research pertaining to curing and storing seed was begun 
in 1947 at the Alabama Polytechnic Institute Agricultural 
Experiment Station, with soxne results being published in 
1950 (1) . This paper presents data on the hygroscopic 
ecjuilibrium of the Auburn Reseeding Strain of crimson 
clov^t {Trifalimn hicmndtum L.) and its relationship to the 
viability of naturally and artificially dried seed; 

Several workers have shown the importance of the hygro- 
scopic equilibrium curves in determining behavior of seed 
during curing and storage (1, 2, 9, 11). Hygroscopic equi- 
librium data may be used to show the following: 

1. The seed moisture content expected after curing in a 
known atmospheric relative humidity. 

2. The relative humidity of the air contacting the seed 
of a known moisture content 

3. The changes in seed moisture content with fluctua- 
tions in relative humidity of the surrounding atmosphere. 

4. The critical seed moisture content and the correspond- 
ing relative humidity for maintaining seed viability during 
storage can be predicted from the hygroscopic equilibria 
accompanied by germination data. 

^ Contribution from the Departments of Botany and Plant Pathol- 
ogy and Agricultural Engineering, Alabama Polytechnic Institute, 
Agricultural Experiment Station, Auburn, Ala. Published with the 
approval of the director. Received Aug. 13, 1955* 

* Associate Botanist and Associate Agricultural Engineer. 


Curves of the hygroscopic equilibria of various crop seed 
were summarized by Stahl (11). A recent review of the 
literature was given by Oxley (9), and by Brewer and 
Butt (1) . According to these workers, the curves obtained 
by plotting hygroscopic ec|iiiiibrium data from 0 to 100% 
relative humidities were of the sigmoid type, although they 
state that some workers have considered their curves to be 
parabolic. Parabolic curves were obtained of data that 
omitted the lowest hiimidities, and thus made an interpre- 
tation of direction of mrvatiire difficult 

The interrelationship of hygroscopic moisture and its 
equilibrium relative humidity as related to mold develop- 
ment on seed has been reviewed by Gilman and Semeniiik 
(4). Organic substrates, ^such as textiles, feed, and seed 
that contain hygro.scopic moistures in equilibrium with 73% 
relative humidities and above, have been shown to be sus- 
ceptible to imld deterioratb^^^ 3). 

Studies with wheat in bulk storage have established that 
the relative humidity of the interstitial air was dependent 
on the moisture content of the wheat (3, 6) . The expected 
aif-sced cepilibria reached in bulk storage can be predicted 
from hygroscopic equilibrium curves for a particular seed. 
Such curves can be used as a guide in storing seed at mois- 
ture contents that result in interstitial relative humidities 
below that required for mold development At such mois- 
ture contents, losses in germinability are at a minimum. 

PROCEDURE 

Crimson clover seed of the Auburn Strain, coinbf'ne harvested 
in May 1950, were used in these studies. Hygroscopic equilibrium 
curves were based on data obtained by the methods of saturated 
salt solutions and the electric hygrometer (X). In the saturated 
salt solutions method, the seed were .suspended over the salt solu- 
tions in shallow screenwire baskets. Seed and salt solutions were 
enclosed in sealed glass desiccators. The relative humidities of 
atmospheres in contact with saturated solutions of various salts 
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liiblci 1." — Relative humidities of atmospheres in contact with 
saturated solutions of various salts at 25® C. 


Salt 


Ammonium dihydrogen orthophosphate 

Potassium chromate 

Ammonitim sulfate „ .. 

Sodium chloride ^ _ . _ _ _ 

Sodium nitrite 

Sodium diochromate dihydrate_._ 

Potassium carbonate- _ - 

Magnesium chloride hexahydrate_- _ - - .. 

Potassium acetate - - - - „ _ 

Lithium chloride - _____ . 


Percent 

relative 

humidity 


92,9 

86.5 
80.1 

75.5 

64.8 

54.1 

43.9 

32.9 

22.9 

11.1 


at 23“ C. are given in table 1. The storage chambers were kept 
in teniperature-controllec! cabinets at 25° C. In the electric hygrom- 
eter method, samples of crimson clover seed of different moisture 
contents were lield in a moisture-tight box until equilibrium mois- 
tures were reached between seed and air. The relative humidities 
in equilibrium witli crimson clover seed of different moisture con- 
tents were measured by the electric hygrometer. Broekington e/ at, 
(2) used a similar electric hygrometer. 

Final fuoistures for crimson clover seed over the saturated salt 
solutions were obtained after a 2 -month period and from the 
electric hygrometer in 24 to 72 hours. Moisture percentages on a 
wet weight basis of the seed were determined by drying the seed 
to a constant weight in a forced-draft oven at 105® C. 

To show the effects of the various relative humidities on viabil- 
ity, combined crimson clover seed were dried naturally in the 
sun and artificially at 43.3° C, in a forced draft oven to 10.0% 
moisture. Subsaniples of 200 g. from seed that wxTe dried by the 
two methods were placed in chambers maintained by saturated 
salt solutions at relative humidities of 92, 86, 80, 75, 65, and 
54%. Samples for germination were withdrawn at 6-, 9-, and 16- 
week intervals. The samples were stored until June 1953 at 65 
and 54% relative humidities. They were taken for germination 
tests after storage for 12-, 24-, and 36-nionth periods. The humid- 
ity chambers were not held under constant temperature conditions 
but were stored under laboratory conditions at temperatures not 
exceeding 35° G. during the Summer and not less than 20® C. 
during the winter. 

All, tests of viability of the crimson clover seed were made by 
placing quadruplicate lOO-seed samples between blotter substrata 
in a germinator held at 20° C. Germination and hard seed counts 
were made at tlie end of a 7-day period. 


RESULTS 

Hygroscopic Equilibria of Crimson Clover Seed 

The hygroscopic equilibrium curve for the crimson clover 
seed at the end of S weeks of storage over various satu- 
rated salt solutions is shown in figure 1. Increases of rela- 
tive humidity within the range of 65 to 100% caused a 
sharp rise in the hygroscopic moisture of the crimson clover 
seed. As the hygroscopic moisture increased, metabolic activ- 
ity within the seed increased. Moreover, the higher water 
vapors surrounding the seed were probably conducive to 
mold development. Mold growth and metabolic activity in 
the seed caused a rise in temperature. Losses in germinabil- 
ity occurred after 8 weeks storage at relative humidities 
above 65%. In contrast, changes in relative humidity from 
65 to 10% caused only small differences in hygroscopic 
moistures of the seed. This is shown by the slope of the 
curve within this range. 

The hygroscopic equilibrium curve plotted from the elec- 
tric hygrometer data is presented in figure 2. The relation- 
ships established for the curve by the method of saturated 
salt solutions were similar to the electric hygrometer curve. 
The main discrepancies were in the higher hygroscopic mois- 
tures. A comparison of the two curves is shown in figure 3. 

Germinability of Naturally and Artificially Cured Seed 

Differences in germination and percentage of hard seed 
of naturally and artificially cured crimson clover seed after 
storage at various humidity levels for 6-, 9", and 16-week 
intervals are shown in figure 4. The method of curing 
caused only small differences in germination and percent- 
age of hard seed. Instead, the relative humidity and dura- 
tion of storage determined loss in germination by the crim- 
son clover seed. Loss in viability occurred at all storage 
humidities above 65%. Losses in germination occurred 
more rapidly as the storage humidity increased. 

At the 65 and 54% storage humidities, germinations did 
not decline after 16 weeks. Tlie apparent reduction in viabil- 
ity at 6- and 9- week intervals was thought to be a dormancy 
effect. Thus, the data in figure 4 show that .storage of 6 
weeks at humidities of 92 and 86% caused a decline in 



44 









4 4 












42 





~r . r 




42 

_ 

1 

i 

i 

1 

1 t 

1 

'1:1' 




40 









40 

— 











38 






z 



38 

— 







: 



z. 

UJ 

36 

__ 





aZ 


P- 

56 

_ ' 







— 



o 

34 






/ — 


Ui 

34 








■ . ‘ — 




32 






/ _ 


o 

32 

— 










UJ 

30 






/ - 


QC 

Ui 

30 

— 









% 

a. 

28 

h- 





A _ 


Q. 

28 










1 

z 

26 








2:. 

26 








A 


% 


24 






/ ■ - 



24 

— 







' /J 



H 

Z 

Ui 

H 

Z' 

22 

20 

18 








Z 
UJ 
, H 
Z- 

o 

22 

20 

18 

- 









\ 

1 

o 

o 

■ 16 

■— 




-■'V 

^ ■■' 4- 


o 


- 










14 








Ui 

14 











Ul 

(t 

12 

10 






- 


IT 

■ Z>' 

H 

12 

10 

- ■ 







r-, — 


y- 

52 

8 




■ a. 


- 


cr> 

O 

8 

- 







- 


1 

5 

6 






— 


. S ' 

5 

— 









i't 

s 

4 

■■ 





_ 



4 

, 


' ■■ 







1 


2 






— 



■ 2 












0 


1 

1 1 

I 

! 1 I 

1 1 



0 




L,,.- 

_ 1 

! 

-i-:- ■ i: ; 

1- 

J 


1 


i 

3 

10 

20 30 

40 

50 60 70 

80 90 100 


1 

0 

10 

20 

30 

40 

50 60 

70 

80 90 too 


RELATIVE HUMlOiTY IN PER CENT 


¥iq. I, ^-Hygroscopic equilibrium curve for crimson clover seed 
determined by the method of saturated salt solutions, 
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Fig, 2. — Hygroscopic equilibrium curve for crimson clover seed 
determined by the method of the electric hygrometer. 
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RELATIVE humidity IN PER CENT 

PiQ, 3. —Hygroscopic equilibrium curves for crimson clover seed 
determined by the methods of saturated salt solutions and elec- 
tric hygrometer. 

germinability to less than 1G%. With a decrease in humid - 
ity to 80% after 6 weeks of storage, germinability was 
approximately 35%, but after 9 weeks it was less than 10%. 
Less reduction in germination occurred at a storage humid- 
ity of 75%, but the loss was too high to consider for 
storage. 

For storage periods of 4 months or less, losses in ger- 
mination oL combined crimson clover seed can be pre- 
A^ented when the seed are stored at hygroscopic moistufes 
of 12.3% or lower (in equilibrium with 65% relative 
humidity). This inference is drawn from the data in figure 
5- The data further showed that, at 10.1% hygroscopic 
moisture (in equilibrium with 54% relative humidity), ger*- 
niination was slightly higher than seed at 12.3% moisture. 
For storage of longer than. 4 months, seed with a moisture 
content of 10.1% were required to prevent a decline in 
germination. The trends in germination for a 36-month 
storage period at 65 and 54% storage humidities (hygro- 
scopic moistures of 1 2.3 and 1 0.1 %, respectively, are pre- 
sented in figure 6. 
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Fig, 5.— Germinabiiities and hard seed of naturally and artificially 
dried crimson clover seed stored at various relative humidities 
at the end of 16 weeks. 



Fig. 4.'— -Germinahilities and hard seed of naturally and artificially 
dried crimson clover seed stored at \arioos relative Ijuiiiidities 
at 6-, 9-, and i6~week intervals. 


DISCUSSION 

Results from the determination of the hygmsctfpic equi- 
librium curves of crimson clover seed hy the saturatci! salt 
solutions and the electric hygrometer methods were In essen- 
tial agreement except at the higher hygroscopic seed mnis- 
tiires. One of the causes for divergence of the crimson 
clover seed curves was that the equilibrium moistures of 
the electric hygrometer curve were extrapolated at relative 
humidities above 85% (see figure 2). These deviations 
at tile higher hygroscopic moistures were not found for blue 
lupine seed by Brewer and Butt (1). Their eejui librium data 
by the electric hygrometer method were obtained at relati\^e 
humidities up to 98%, and this permitted a plotting of the 
exact direction of curvature at the Jiigher equilibrium seed 
moistures. Another possible cause for deviations of these 
curves was that the equilibrium data at relative humidities 
above 549c obtained over the saturated salt solutions repre- 
sented an absorption of moisture, while the equilibriiini data 
obtained by the electric hygrometer represented desorption 



Fig. 6. — Germinahilities of crimson clover seed stored at 10. 1 and 
123 % moisture contents at 4-, 12-, 24-, and 3fi'*niDnth intervals. 
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ofv moisture/ At -^relative humidities below 54%, the equi- 
librium data obtained over the saturated salt solutions were 
a desorption curve, while the equilibrium data by the electric 
hygrometer represent an absorption curve. This is an ex- 
ample of the hysteresis phenomenon. 

Despite the differences referred to, computation of regres- 
sion equations for the best-fitting curves by the method 
of least squares 0^1) showed that the curve in each case 
was of the sigmoid type represented by curves of the third 
degree (Y zr a q- bX + cX^ -f dX^"^, where Y n seed 
moisture and X zr: relative humidity). Parabolic equations 
do not agree well with the data. The sigmoid curve agrees 
with that of Oxley (9) and Brewer and Butt (1). Data 
summarisied by Stahl (1.1) show that others have obtained 
curves of the parabolic type. The regression equations for 
crimson clover seed are presented below: 

Saturated salt solutions (figure 1) Y rr 1.1978 + 
0.47228X - ().01266lX^ -f 0.001 1879X^ 

Electric hygrometer (figure 2) — Y = 1.6849 -f 
0.269S7X -- 0.()047S3SX^ -f 0.00046237X3, 

As previously stated, decreases in hygroscopic moisture 
in crimson clover seed caused a corresponding increase in 
the time of decline in viability. One of the main causes 
for losses in viability of crimson clover seed stored in equi- 
librium with relative humidities of 75% and higher may 
be attributed to the development of a fungal population. 
Fungal growth could kill the seed by heat resulting from 
respiratory activity, destruction of the cell wails by pectinase 
enyymes, and unknown toxic substances. This is in agree- 
ment with other investigations of seed (3, 4, 8) where 
fungal growth was obtained at seed hygroscopic moisture 
contents in equilibrium with 75%) relative humidities or 
higher. 

Results of the germination studies in relation to various 
storage relative humidities and seed hygroscopic moistures 
point to the value of obtaining the basic hygroscopic equi- 
librium curve for predicting seed behavior during storage. 
The important implication, however, is not primarily one 
of obtaining hygroscopic seed moistures but also the rela- 
tive humidities in equilibrium with hygroscopic moistures. 
The relative humidity of the air surrounding the seed 
determines a fungal population build-up with the subse- 
quent effects on seed deterioration and loss in viability. This 
humidity is determined by the moisture content of the 
stored seed. Safe storage of seed is a function of the rela- 
tive humidity in ec]uilibrium with seed rather than the 
moisture content of the seed. 

SUMMARY 

The hygroscopic equilibrium curve for combined seed 
of the Auburn Strain of reseeding crimson clover was deter- 


mined by the methods of saturated salt solutions and elec- 
tric hygrometer. The formulae of the curves were com- 
puted from data by the method of least squares and shown 
to be of the sigmoid type. 

The rate of loss in germinability of crimson clover seed 
when stored for a 4- month period was found to be pro- 
portional to increased relative humidities. Germination 
declined only slightly after 4 months at a storage relative 
humidity of 65% (12.3%? moisture) and no loss occurred 
at 54% relative humidity (10.1% moisture). A hygro- 
copic moisture content not exceeding 12.3% is recom- 
mended for the storage of crimson clover seed for periods 
of not more than 4 months. For storage of more than 4 
months and for as long as 24 months, a hygroscopic mois- 
ture not exceeding 10.1% is recommended. 

The number of hard seed was not affected by storage 
relative humidities at 86% or less. At a relative humidity 
of 92% the number of hard seed was reduced to zero. 

The method of curing either by natural drying or arti- 
ficial heat (43.3° C.) to a hygroscopic moisture content 
of 10.0%) did not effect the response of the crimson clover 
seed to the various storage relative humidities either in 
respect to germinability or hard seed. 
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Intra-inbred Line Variation in Resistance to a 
Seedling Disease of Corn' 


itmum 


A. L, Hooker'" 


T he many factors associated with poor stands 'when corn 
is planted in cold, wet soils have been discussed in 
recent papers.® Satisfactory stands under these conditions 
rest largely on the ability of the seed to resist or to be pro- 
tected from soil-borne parasitic microorganisms. The pres- 
ent investigation was made to determine the range of vari- 
ability among individual ears and ear selections, wdthin sev- 
eral dent corn inbred strains, -^dth respect to this resistance, 

MATERIALS AND METHODS 

Five inbred strains of dent corn ( A375, Ml4, AV23, and 
W28) were selected initially for this study. These strams repre- 
sented a range of maturities and varied in their relative ability 
to produce good seedling stands when planted in a cold, wet soil 
infested with a complex of microorganisms. Each had been self- 
pollinated for a minimum of IS generations, with occasional sib- 
pollinations between ear selections. 

Progenies were grown in the field in 1948, 1949, 1950, and 
1951 in rows consisting of ten or twelve 2-plant hills. As many 
plants as possible in each were self-poUinated. Ears were harvested 
at maturity (preharvest frost in 1950 and 1951), dried at 103® E. 
with forced air circiilation and stored in a cool dry room until 
: tested./. 

The testing procedure, hereafter referred to as the cold soil 
test, involved the following classes of seed: {V uninjured, hand 
shelled seed; (2/ injured, seed with pericarp injured by shaking 
it in a roughened container; and fJJ treated, uninjured seed dusted 
with a fungicide (thiram). Throughout the experiment, self-pol- 
linated seed wvts evaluated on an individual ear basis. Each year 
the three classes of .seed were planted in a parallel series and all 
ears of a given inbred strain were evaluated simultaneously in a 
single test. A completely randomized experimental design was 
used with 3 replications of 1 0 kernels from each ear for each 
class of seed. The seed was planted in pans of muck soil, known . 
to be infested with dehafyanum Hesse and P. Mltbnum 

Trow', both .species having proved highly pathogenic to corn 
kernels in cold soil The soil was moistened to appro-ximately 
60% of water holding capacity, kept for 14 days in a cold 
chamber maintained at 11® C,, and then moved to a warm room 
for seedling development. Records were taken at the 3-ieaf stage 
and a disease resistance index, equivalent to a weighted germina- 
tion percentage, was calculated for each entry. This index was 
obtained by the summation of assigned arithmeticai values of 4 
to each healthy seedling, 3. to each stunted seedling with a healthy 
root system, 2 to each stunted seedling cvith ii lesioned root sys- 
tem, and 1 to each seedling blighted before emergence. Thus, with 
three 10-kernel replicates, the lowest total index value for an 
ear with each class of seed was 30 and the highest 120. 

In 1948, 8 rows were planted from a composite of hand pol- 
linated seed of each inbred strain. Plants were self -pollinated, 
and in the following winter about 200 of the earliest pollinated 
ears were evaluated individualiy in the cold soil test. On the basis 

^ Contribution from the Departments of Plant pathology and 
Agronomy, University of Wisconsin, Madison, Wis. Published with 
the approval of the Director of the Wisconsin Agricultural Experi- 
ment Station. Received Aug. 24, 1955. 

^ Agent (Plant Pathologist), Field Crops Research Branch, 
A.R.S., U.S.D.A., Madison, Wis. 

® Hooker, A. L. Correlation of resistance to eight Pythium 
species in seedling corn. Phytopath, In press. 1956. 

* Hooker, A. L„ and Dickson, J, G, Resistance to Pytbmm 
manifest by excised corn embryos at low temperatures. Agron. . 
Jour. 44;443'-447. 1952. 

® Tatum, L. A. Seed permeability and “cold test” reaction in 
Zm^mays, Agron. Jour. 46:8-10. 1954, 


of these tests, S3 ears were selected, representing low, intemiediute, 
and high disease index classes within each inbred, and used for 
ear-row*' progeny plantings in 1949. Again self-pollinations were 
made in each progeny providing more than 1,500 ears Tor the 
cold soil test. In 1950, progeny plantings were made froni 80 
selected ears representing high and low disease index dasses within 
16 progenies grown in 1949. In addition, as all previous prog- 
enies originated from bulk lots of hand pollinated seed, a com- 
parative group of 11 ear-row progenies of inbred with known 
parentage for 22 generations, were grown in 1950. About 1,100 
self-pollinated ears were produced for individual testing, in 1951, 
progeny plantings weixs made from ears of representative high, 
interned iate, and low index classes within each inbred stni in 
and self-pollinated ears were tested the following winter, 

BXPBRIMINTAL RESULTS 

All inbred strains showed a similar response to the pro* 
ceditres employed in this study. As an illustration, .sam- 
marixed data for iminjured and injured .seed of inbred 
W28 are presented in table I. Data for treated seed, data 
for inbreds A375, Ml4, W3, Wl 6, and W23, aiul the 
statistical analyses of all strains can be found elsewhere.*^ 

In the 1948 cold soil tests, statistically significant differ- 
ences in resistance indices were obtained among individual 
ears within each inbred strain, the magnitudes of which 
varied with the inbred and with the class of seed. Though 
large differences attributable to the three classes of seed 
were measured, the ranking of ears w^as similar in each. 
Laboratory germination te.sts t:onducted at room tempera- 
ture indicated only minor differences in the germination 
capacity of seed from these ears. Likewise, the prevalence 
and type of seed-borne organisms, although varying consid- 
erably with the inbred, afforded little evidence to explain 
the differences in reaction. A progeny test was made in 
1949 to determine if genetic differences existed among 
these ears. 

Differences in index values among ear-progenieN of 
inbred W28, as well as of other line.s grown in 1949, were 
highly significant. These reactions were closely associated 
with that of their parent ears as indicated by positive and 
statistically significant correlation coefficients betvveen par- 
ent and progeny reactions for each inbred strain and by 
the highly significant correlation coefficient of +0.541 over 
all strains. The data indicated that selection vvas elfe^ 
in isolating sub-Imes differing in their ability to produce 
satisfactory seedling stands in Pyihmm infested soil at low 
temperatures. 

Elighly significant differences in index values in the cold 
soil test were measured among individual ears wfithin prog- 
enies 77, 78, 79, 81, and 83 of inbred W28 and within 
90% of the remaining .sub-lines .so studied and grown in 
19%. However, only 4 out of the 16 sets of puegenies 
grown in 1950 from contrasting ears of these sub-lines 
differed significantly in their reaction in the cold stfil test. 
In 2 of these cases, including progenies 170-173 of inbred 

® Hooker, A. L. Variation in heritabifity and naturo of resistance 
to a Pyihmm seedling disease of com. Fh.D. Thesis, Univ. of 
Wisconsin. 1952, 
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W28, these differences were not in the direction expected 
if selection were effective. Selection appeared to be effective 
in progenies 168 and 169 of inbred W2 8 but a retest from 
the same parent ears in 1950 (progenies 223 and 224) did 
not confirm this. Only in one case (Ml4) was selection 
apparently effective in 1949 and confirmed in 1950, For 
the most part, selection within a sub-line was ineffective. 

When data for index values for the progenies grown in 
1950 from ears of the same 1949 selection were pooled and 
an analysis of variance calculated, highly significant differ- 
ences were evident for both inbreds W28 and Ml4. The 
differences in reaction among the 1949 selections, which 
were contimied in 1950, also were highly significant. Cor- 
relation coefficients between the means of the 1950 prog- 
enies and the means of tlieir parents grown in 1949, for 
inbreds W2S and Ml4, approached or exceeded the 5% 
level of significance. These data, and those for the prog- 
enies grown in 1951, indicated a strong tendency for differ- 
ences in siiblines to be maintained in later populations 
derived from them. 

Differences beyond the 1% level of significance were 
measured in the cold soil test among the 11 progenies 
of inbred ’W3 grown in 1950. On the basis of their par- 


entage, the progenies were grouped in various ways and 
analyses of variance calculated for data between, or among, 
these groups. Though significant differences w^ere found in 
some of these comparisons, they showed little relationship 
to the pedigrees. 

Progenies of all inbreds grown in 1949 from ears of low 
index classes averaged respectively 13.0 and 14,4 disease 
resistance units lower for injured and uninjured seed, than 
a comparable number of progenies from ears of high index 
classes. When a similar comparison was made between the 
average of progenies grown in 1950 from ears of low 
index classes within sub-lines, and the average of f)rogenies 
grown from ears of high index classes, differences of only 
2.5 and 1.5 disease resistance units respectively for injured 
and uninjured seed were measured. 

The average mean squares for disease index values for 
progenies growm in 1948 was 146.8, the average for prog- 
enies grown in 1949 which were continued in 1950 was 
90 . 3 , and that for those growm in 1950 was 77.2, indi- 
cating that the amount of variability within progenies de- 
creased as selection was continued. This decrease in variabil- 
ity may be due in part to the isolation and stabilization 
of sub-lines and in part to individual seasonal responses. 


Table 1.— The held plan, pedigrees, number of ears tested in each progeny, mean index values, and standard deviation of parent 
IHipuhitions and ear selections of inbred W28 gmwn and tested in the cold soil test for years indicated, 


Yeiit grown 


1948_ ., . _ 

1949. . 

1949.. . 

1949 

1949.. . 

1949 

1949 

1949 . 

1950 . 

1950 
1950. , 
1950 .. 
1950 
1950 , 

■ 1950 :.:,:.:., 

1950 - . . 

1950 - 
1950 . 

1950 

1950.. . . 

1950 
1950- . 
1950 
1950 

1950.. .... 

1950.. . 

1950 . . . . 
1950- . - . 

1950 

1951 

■,1951 

■:i95D.-u'.. 

1951 

1951.. . 


Row no. 

No. of 
ears 
tested 

Parent 

Uninjured seed 

number 

row-ear 

Index 

of 

parent 

Mean 
index of 
progeny 


o' 

25 


,■ , 

57 

12.8 

'77 

22 

5-12 

35 

■ , 75 

11.4 

■ 78 

18 

5-19 

49 

74 

7.9 

79 

15 

5-7 

44 

90 

4.3 

80 

18 

5-18 

50 

86 

6.3 

81 

20 

5- 2 

89 

89 

8.4 

82 ^ . 

16 

5- 6 

86 

108 

6.2 

' 83 : 

. ' 21 ., 

5- 1 

103 

95 

8.1 

137 

20 

77-21 

48 

70 

11.6 

138 

21 

77-19 

49 

77 

11.8 

139 

19 

77-16 

106 

61 

11.1 

140 

21 

77- 3 

116 

70 

15.7 

164 

14 

78-13 

53 

42 

6.0 

165 

11 

78- 7 

54 

37 

5.6 

166 

17 

78-17 

96 

43 

6,9 

167 

i ■ 13 ' 

: 78- 9 

96 

40 

5.4 

168 

1 ^ 18 

79- 1 

74 

41 

6.0 

169 : 

,' 17 , 

79- 7 

99 

79 

12.2 

170 

14 

1 80™ 5 

67 

94 

10.8 

171 

14 

: 80-16 ! 

■ ' ,73 . ■■' 

84 

11.3 

;■ ■.,172 ^ ,■, 

■14 1 

80- 6 ' 

102 

72 

10,2 

173 

13 

80- 3 1 

106 

69 

11,1 

174 

10 , 

■• j 

55 

60 

8.4 

175 

11 ' 

81- 3 

65 

73 

11.8 

176 

15 ! 

81-20 

117 

72 

13.7 

177 

14 

81- 6 

113 

78 

8.9 

178 

10 

83-11 

60 

79 

10.7 

180 

12 

83-16 

113 

83 

7.9 

181 

11 

83- 6 

no 

70 

11.4 

218 

11 

165-11 

33 

61 

. — 

219 

17 

168-14 

44 

62 

— 

220 

6 

173-11 

66 

75 

— 

221 

11 

177- 9 

104 

85 

— 

222 

8 

180- 4 

102 

73 

— 

223 

14 

79- 1 

74 

88 

— 

224 

16 

79- 7 

99 

85 

___ 1 








Index 

of 

parent 


Injured seed 

Mean 
index of 
progeny 
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DISCUSSION 

It appears th^at some long-time inbred strains may consist 
of a mixed population of sub-lines which differ in their re- 
action in the cold soil test. This could be anticipated if the 
inbred strains, as for those involved in this study, were 
maintained as a composite of several ear-row selections 
each generation. The data indicate that these inbred strains 
were heterogeneous rather than heterozygous for this char- 
acter, It follows that inbred strains maintained by a single 
plant selection each generation probably would not show 
sub-line variation but could express ear or plant variation 
in the cold soil test. The former appears heritable while 
the latter is presumably due to environmental conditions. 

The significant implication of sub-lines within an inbred 
strain is apparent in genetic studies on the inheritance of 
the cold soil test reaction and in other studies where geneti- 
cally uniform seed is desired. Secondly, selecting the more 
resistant sub-lines for crossing offers a possibility ot increas- 
ing the resistance of corn hybrids to fungi in cold soils, 
without necessarily altering other characteristics. Usuallyv 
selection is more effective between, rather than within, 
inbred strains; but in some special cases, selection within 
inbred strains may be effective. The number of these special 


cases may be increased with additional research along lines 

similar to those presented here. ^ 

SUMMARY 

Significant differences in disease resistance index values 
were found among individual ears within five long-time 
inbred strains of dent a;)rn evaluated in a cold soil test. j 

Neither a laboratory germination test nor a determination f 

of seed-borne disease organisms was sufficient to explain 
these differences. To ascertain if part of this variation was ^ 

heritable, ears of low, intermediate, and high disease index i 

classes, respectively, in each strain were selected for progeny 
testing. Significant differences were evident among the prog- 
enies grown from selected ears within each inbred strain. ; 

The means of these progenies were associated with the 
reaction of their parent ears. Selection appeared to be ! 

effective in isolating sub-lines which differed in their reac- 
tion in the cold soil test. Differences in reaction among | 

individual ears within these sub-lines were found, but 
progeny tests indicated that these were non-heritablc. There 
was a strong tendency for the differences in sub-lines to ^ 

be maintained in populations grown from them. ) 


ci 

Additional Seed Factors Affecting Stands of Corn in Cold Soils' 

A. L. Hooker- I 


N JMERGUS factors affect corn seed germination and 
seedling development under adverse conditions. They 
can be divided Into 2 general groups: those relating to the 
soil environment, including pathogens, and those concerned 
primarily with the seed. Many of these factors have been 
enumerated and discussed in recent papers (2, 4, 7). The 
present paper presents data on the effects of seasonal con- 
ditions, date of planting, plant population, and soil nitro- 
gen level on the maternal plant, in predisposing seed to 
inf ections by Pylhmm deharyanmn Hesse and other soi I 
fungi at low temperatures. 

1. SEASONAL INFLUENGES 
Materials and Methods 

The seasonal influence on the predisposition of .seed to disease 
incited by soil fungi was: studied by evaluating progeny plant- 
ings from 13 parent ears of 3 well established inbred lines (A373, 
Ml4, W23) in 3 successive seasons. Progenies were planted and 
harvested on May 8 and Oct. 15, L949; May 12 and Sept. 30, 
1950; and on May 10 and Oct. 15, 1951 respectively. Ears were 
dried at 105'* F. with forced air circulation and stored in a cool 
dry room until tested. Each year three clas.ses of selfed seed, 

^ Joint contribution from the Departments of Plant Pathology 
and Agronomy, University of Wisconsin, Madison, Wis., and the 
Department of Botany and Plant Pathology, Iowa State College, 
Ames, Iowa, Published with the approval of the Director of the 
Wisconsin Agr. Exp. Sta. Journal Paper No. J-2777 of the Iowa 
Agf. Exp. Sta., Ames, Iowa. Project No. 1140. Received Aug. 24, 
1955. 

^ Agent ■ (Plant , Pathologist), Field Crops Research Brandi, 
A,R.S., U.S.D.A., Madison, Wis, 



involving untreated, mechanically injured, and treated with a 
fungicide (thiram) res pectivefic were evaluated on an individual 
ear basis in replicated tests for resistance to soil fungi. These evah 
nations were made by planting the seed in Pv/AV/w-infested soil, 
moistening to approximateley 60% of vs^ater holding capacity, 
incubating immediately at lU C. for 1 4 days, and then moving 
to a warm room for .seedling development. \Yeighted germination 
percentages were obtained using a unifiu’m scale. Details of the 
testing proceduiv and method of obtaining the germination per- 
centages are presented elsewhere” (3). 

EXPERIMENTAL RESULTS 

One hundred ninety-two individual ears were te.sied in 
1949, 17:> in 1950, and 146 in 195 L Untreated seed from 
these ears produced an average germination percentage 
of 65.6, 47.5, and 58.9% respectively in these 3 years. 
Mechanically injured seed was reduced in germination by 
approximately 25% while treatment with a fungicide in- 
creased germination by more than 50%. 

Statistical analysis of the data showed a highly signifi- 
cant difference among seasons w'hen the season mean square 
was tested against the mean square due to error or against 
the mean square due to the interaction of progenies X sea- 
sons X treatments. Likewise, the mean squares for prog- 
enies, treatments, progenies X seasons, and seasons X 
treatments were all significant at the 1% level. 

Seasonal temperature and moisture conditions (table 1) 
at Madison, Wis., differed during the 1949, 1950, and 


Hooker, A. ^ L. Variation in heritability and nature of resist- 
ance to , a Pythium seedling disease in corn, Ph.D. thesis. Uni\ . 
of Wisconsin. 1952. 








HOOKER: SEED FACTORS AFFECTING STANDS OF CORN IN COLD SOILS 


583 


liible L '“Afcu mu lilted heat units and precipitation at Madison, 
Wis., from planting to harvest in 1949, 1950, and 1951.^* 


Month i 

1 Accumulated 
heat units t 

Accumulated 
precipitation t 

1949 

1950 

1951 

I 1949 

19S0 

1951 

M'ay 

172 : 

■■ 207. 

273 

1.92 

2.21 

2.61 

June - 

800 ! 

707 1 

699 

8.35 

1 8.46 

5.16 

July,,. 

1579 I 

1317 i 

1344 

14.11 

1 19.39 

8.24 

August 

2268 1 

1818 1 

1869 

16.31 

22.08 

11.32 

September 

2465 

2145 

2132 

17.43 

24.17 

13.88 

October 

2610 

1 

2145 

1 

2219 

19.04 

24.17 

14.76 


Data caUnilattHl from the I . S. Dept. C^tninierce, Weather Bureau, 
.MiniatoloL'ical l.>ai:i, Wis, sectittn reportiH. 

tCn!culnt«i irom formula ( Ml>l-J^-aiaH£-±,.. Pail y minimum _ 

t Inches of lainfall. 

1951 growing seasons. High temperatures and ample rain- 
fall prevailed in June, July, and August of 1949 follow'ed 
by a cool and dry September and October. These condi- 
tions were favorable for corn production and average com 
yields were high. Generally cool and w^et conditions pre- 
vailed throughout 1950 and seed was harvested at the end 
Ilf Septetnber to escape [predicted freezing temperatures. 
The 1951 season resembled the 1949 season except for 
moisture and temperature distribution. Generally high tem- 
peratures and abundant moisture prevailed in May and 
September of 1951, but June, July, and August tempera- 
tures and rainfall were considerably below those prevail- 
ing for the same months in 1949. 

The ranking of accumulated heat units for the three 
years ( table 1) was in the same order as average germi- 
nation percentage in the cold soil test. 

II, DATE OF PLANTING SEED PARENT 
Materials and Methods 

Livingston (T) and Rush and Neal (6) have demonstrated that 
wed har\ested at periodic intervals after pollination increased in 
resistance to soil fungi at low temperatures. In the present study, 
the influence of the seasonal environment on, and predisposition 
to disease was compared in self-pollinated ears harvested from 
early and late plantings. Nine previously tested ears of inbred 
W25 were selected and adjacent ear-to-row plantings made from 
each ear on May 9, and June 2, 1949. The long, favorable grow- 
ing season at Madison in 1949 resulted in plants at both planting 
dates ripening to approximately the same moisture content, and 
all ears were harvested on the same day. A total of 237 
froni these 18 progenies were individually evaluated for resistance 
to fungi in cold soil employing the method previously described. 

Experimental Results 

The detailed data from these tests'^ are summarized in 
table 2. Seed from the 9 late planted rows w^as coasistently 


* Hooker, op. ci/. 

Table 2.— Mean germination percentages in cold soil of indi- 
vidual ear seed from paired early and late planted 
progenie.s of 9 parent ears. 


more susceptible to fungi in cold soil than seed from the 
9 early planted rows. In the statistical analysis of tlie data, 
differences in stands and vigor between planting dates, 
among progenies, and the interaction of progenies X plant- 
ing dates were highly significant. The largest portion of 
the variance was attributable to planting dates. 

in. RATE OF PLANTING AND SOIL NITROGEN 
LEVEL 

Materials and Methods 

The influence of plant population and soil nitrogen level in 
predisposing seed to infections by soil fungi was studied by 
evaluating seed produced at population levels of 12,000, 16,000. 
and 20,000 plants per acre and at 0, 100, and 200 pounds 
nitrogen per acre. This seed was obtained from 15 open pollinated 
single hybrids grown near Clarion, Iowa, in 1953 under these 
conditions but with uniform levels of phosphorus and potassium. 
The testing procedure consisted of planting 3 replications of 
the 135 seed lots between layers of steamed quartz sand mixed 
with young cultures of P. debaryanurn Hesse over steamed soil 
in individual clay pots. The pots were then watered to approxi- 
mately 60% of water holding capacity and incubated at 11 " C. 
for l4 days. At the end of this period, the pots were moved to 
a warm greenhouse bench for seedling emergence. At the 3-leaf 
stage, the seedlings were ^vashed free of soil and sand and sepa- 
rated into 6 classes depending upon germination and the severity 
of root lesioning. A weighted germination index was obtained 
using a uniform scale (2). 

Experimental Results 

Total germination indices for hybrids, levels of nitrogen, 
and plant population levels, over all treatments, are pre- 
sented in table 3. Statistical analysis of the data showed 
that the variation due to hybrids was significant at the 1% 
level while the variations due to nitrogen levels, plant popu- 
lation levels, and all interactions were nonsignificant. 

DISCUSSION 

The ability of a slowly germinating corn kernel, in con- 
tact with parasitic soil microorganisms, to survive and pro- 

Table 3. — ^Total gemiination indices of seed from 15 open pol- 
linated hybrids grown near Clarion, Iowa at 3 levels of 
nitrogen and 3 levels of standi when tested for resistance 
to Pythium debaryanum at low temperatures. 


Totals for Hybrids 


Hybrid 

Index 

Hybrid 

Index 

WF9 X 187-2 

577 

WF9 X 1205 

890 

187-2 X M14 

695 

187-2 X 1206 

I 945 

187-2 X W22 

702 

OS420 X M14 

948 

W22 X M14 

757 

MU X 1205 

1,058 

WF9 X W22 

768 

OS420 X 1205 

1 , 103 

WF9 X M14 ! 

771 

OS420 X W22 

1,141 

OS420 X 187-2 

830 

W22 X 1205 

1 , 175 

WF9 X OS420 

887 




Totals for Nitrogen and Stand Levels 


Early or late ' 
planting 

No. ears 
tested 

Untreated 

seed 

Injured 

seed 

Treated Pounds nitrogen 

seed per acre 

Index 

Number plants 
per acre 

' ■ 'S 

Index ■ fjj 

Early 1 

Late i 

136 

101 

73.2 

51.8 

64.2 

42.3 

94.3 0 

100 

92.4 200 

4,405 

4,438 

4,404 

12,000 

16,000 

20,000 

4,430 ' 

4,318 , ■i 

4,499 1 
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duce a seedling is markedly affected by many factors in 
addition to genotype, The seed factors generally regarded 
as contributing to a reduction in germination under adverse 
conditions also cause, or they are associated with, an inferior 
or weakened condition of the seed. Many of these factors 
have been isolated and studied, but the relative importance 
of each, and the actual mechanisxn by which they affect 
germination under adverse conditions is not clear. Conceiv- 
ably other environmental factors, as yet undetermined, may 
also affect seed germination under adverse conditions. 

While the factors reported on in this study may not be 
of major importance, they are factors which affect seedling 
stands of corn under adverse conditions and merit atten- 
tion. A consideration of them may shed some light on the 
variation encountered among seed lots of the same geno- 
type produced in different years, or in different locations 
within the same year. 


and artificial drying in predisposing the to Pythium 
infections may all be related. Little is known of the ana- 
tomical or physiological mechanisms in the germinating 
seed that determine whether the embryo will survive attacks 
from soil fungi, and still less is known as to how these 
mechanisms may be modified by certain environmental con- 
ditions. Seed permeability (7) and rate at which resistance 
to Pyihimn develops in the germinating embryo^'* (4) have 
been suggested as being associated with germination and 
seedling stands in cold soils. Excised embryos of the same 
genotype from mature seed have been shown to develop 
resistance to Pyibmm at a faster rate during gennination 
than excised embryos from immature seed.*^ Histologi- 
cal studies^ of excised embryos from resistant and sus- 
ceptible strains artificially inoculated with F. delMrymifm 
Hesse revealed a differential spread of the intracellular 
mycelium in the scutella of contrasting strains. In siisccp*' 
tible embryos; cells in advance of and adjacent to the myce- 


Throughout these studies, precautions were taken to mini- 
mise variation due to host genotype and to standardize the 
testing procediife for each study. When possible, direct 
comparisons were made among seed lots in the germi- 
nation evaluations. When this could not be done, as in 
the seasonal test, precautions were taken to conduct the 
evaluations under conditions which WTte uniform for all 
seasons. Here variation attributable to seasonal conditions 
would be confounded with season to season variation in the 
test itself, but experience indicates that the latter was minor. 

The seasonal data suggest a relationship between heat 
units and other environmental conditions during the grow- 
ing seavson and resistance of the seed to soil fungi at low 
temperature. The seasonal germination, temperature, and 
moisSture data indicate that temperature and moisture con- 
ditions which are generally regarded as the most favor- 
able for growth and maturation of corn also tend to result 
in seed with good resistance to soil fungi in cold w^et soils. 

A delay of 3 weeks in spring planting pcjstponed anthesis 
by only 1 week and both plantings produced seed of 
approximately the same mo i s tut e c o n t e ii t a t h a t v e s t . 
Although the early and delayed plantings were in adjacent 
rows, each was exposed to slightly different environmental 
conditions at comparable stages of growth due to the dif- 
ferent planting dates. vSeed from the delayed plantings con- 
sistently produced poorer stands in cold Fj/>&/;/;;^ infested 
soil than did that from the early planted counterparts. 
Thus, delayed planting may cause effects similar to those 
resulting from different harvest dates; It would appear 
that this effect would be of importance in inheritance 
studies where delayed plantings are often employed in 
order to achieve the desired cross pollinations. 

Level of soli nitrogen and number of plants per acre 
did not appear to influence the resistance of the seed to 
Pythimn at low temperatures in these tests. The seed lots 
tested may not have been sufficiently representative to 
sample such effects, as they were all the same grade, 
although the grading percentage varied considerably among 
lots. However, the absence of these effects was consistent 
for all hybrids, while differences among hybrids in their 
resistance to Pythhm 2 at low temperatures were brought 
out. Genetically, these are largely associated with the seed 
parent as all plants were open pollinated. 

The influences of planting date, seasonal conditions of 
temperature and moisture, seed maturity, preharvest frost, 



hum were plasmolized and apj'te.ired dead. The niycelium 
spread extensively, and appartaitly without limitations. In 
the scutella of resistant embryos, the spread i:>f the inycelium 
was limited. A dark staining material accumulated in tlie 
intercellular spaces and on the cell walls adjacent to the 
infested region. Ilesponses similar to these are common in 
roots and stems of many diseased plants, ami these expres- 
sions in some plants have been associated with the avail- 
ability of particular food reserves as well as the expresHi«>n 
of various metabolic processes. Conceivably, einironmenial 
conditions which contribute to corn seed viability and <|ua]‘ 
ity strengthen these responses to fungus penetrations. 

Whatever may be the environmental factors in predis- 
posing seed, and their effects on stands of corn in cold 
soils, the seed parent is influenced to a larger degree than 
the pGlIen parent. A recognition of this is important in 
the planning and interpretation of genetic studies. These 
environmental effects may be associated with differences in 
reciprocal hybrids and the apparent major influence of the 
pistillate parent in crosses. Usually in an inheritance study, 
date of planting, time of pollination and date of liarvest 
are largely determined by the characteristics of the seed par- 
ent. Frec|uentiy, individual ear shoots in the same progeny 
row are pollinated by several pollen parents. Under these 
conditions, any seed character, such as cold-test read ion, 
that is influenced by the environment during growth and 
maturation and by post harvest handling conditions would 
be more strongly modified in hybrids toward the charac- 
teristics of the seed parent rather than the pollen parent. 

c ..'SUMMARY ,/■ 

The effects of seasonal conditions of temj>erature and 
moisture, date of planting, le\ei of soil nitrogen, and 
plant population, on. the predisposition of corn seed to 
infection by Pythium dtbaryanuni and other soil fungi at 
low temperatures were studied. Seed produced in 1949 
under warm temperatures and ample soil moisture during 
June, July, and August followed by a generally cool but 
dry September and October produced better stand.s than 
that produced in 1951 under generally cool and dry condi- 
tions or in 1950 under cool and wet conditions. Delayed 
planting resulted in seed with an Increased susceptibility 
to soil fungi at low temperatures. No measurable differences 

Hooker, op. c/V. , 
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in resisLince to IK Jebarymwm at 10° G. were detected 
aniong seed lots oi the same genotype produced at three 
levels of soil nitrogen or at three levels of plant population, 
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Terramycin and Plant Growth' 


A. G. Norman- 


T here h now a substantial literature on the effects of 
antibiotics on the growth of plants or plant parts. In 
general, such compounds when applied to higher plants 
have been i'ound to be either Inhibitory or inactive, but 
there are scattered reports of growth stimulation. This is 
particularly the case with teitamydn (oxytetracycline). 
Nickeil (3) reported that Iai*ger and heavier seedlings of 
sorrel and sweet corn were obtained in soil treated with 
terramycin solution and that the in vitro growTh of virus 
tumor tissue from the root of sorrel (Rumex acetosa) w>^as 
stimulated by this antibiotic at a level of 5 ppm. In the 
experiments with the corn seedlings the w^eight differences 
at the time of sampling Avere large, and seemingly far out- 
side experimental error. Some additional data on radish 
ancl ciicomber seedlings vvere pfesented in a later paper 
by the same author (4>. He further recognized that terra- 
mycin is adsorbed by soil components and that the actual 
concentration to which the seedling is exposed in soil treat- 
ment experiments may be much low^er than that applied. 
Later Nickefl and Finley (5) demonstrated stimuiation of 
the grc)w4h of duckweed (Lemna- niinar) In sterile culture 
at levels of I to 5 ppm., but inhibition at certain higher 
concentrations. Framer (7) studied the uptake of a mm> 
ber of antibiotics, including terramycin, by cucumber seed- 
lings, and while he could find no convincing evidence of 
terramycin uptake, he reported the stunting of root and 
shoot growth by concentrations of this jintibiotic greater 
',than'50 gg./ml. 

Because of the agronomic implications of the reports of 
terramycin stimulation and extrapolations made from them 
in the popular press, numerous experiments were initiated 
in 1953 to investigate any responses induced in plants by 
terramycin treatment. The majority of these were wholly 
negative and will therefore only be mentioned briefly. 

^ Paper No. 9 from the Plant Nutrition Laboratory, Michigan 
Memorial Phoenix Project No. 32, of the University of Michigan, 
Ann Arbor, Mich. Received Sept. 2, 1955. 

® University of Michigan, Ann Arbor, Mich. The author is in- 
debted to Michael Pllady and Leo Vander Beek for assistance in 
these experiments. 


RESULTS 
Laboratory Studies 

Inasmuch as roots are known to be more responsive than 
shoots to stimulatory or inhibitory substances, several experi- 
ments on the effect of terramycin on root elongation and 
root weight increases were carried out on cucumber, corn, 
flax, and barley, using essentially the method of Ready and 
Grant (8). The elongation of the primary roots of cucum- 
ber (var. Early Fortune) was extensively inhibited at ter- 
ramycin concentrations of 5 to TO ppm. (figure 1) . The 
concentration causing 50% inhibition at 25*^ C. in 4 days 
w’-as 9 ppm. Flax (var. Marine) was equally responsive, 
but corn (Golden Cross hybrid) was less affected at these 
levels (figure 2). The concentration causing 50% inhibi- 
tion was approximately 5 times greater. No evidence of 
stimulation of elongation by low concentrations of terra- 
mydn was found in these experiments. 



TERRAMYCIN CONOENTRAT ION - P.P.N. 

Fig. 1, — Effect of terramycin on the elongation of the primary 
roots of cucumber seedlings var. Early Fortune at 25*^ C. for 
4 days. 
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^ TERi^AMYCJN CONCENTR ATION - RP.M. 

Fig. 2. — ^Effect of terramycm on the elongation of the primary 
rootvS of Golden Bantam hybrid sweet corn at 25" C. for days. 

The inhibitory effect of terramycin on root growth was 
also apparent in studies with barley seedlings (var. Atlas) 
ill which the dry weight of roots obtained in 6 days at 
25^ C. in the dark, under standard conditions, was deters 
mined (6). The.se experiments involved only effects on 
the conversion of reserve material from the endo.sperm 
to roots. In 2.5 ppm. terramycin solution the root weight 
was reduced about 40%. Substantially higher coiicentra- 
tions did not bring about greater inhibition and even at 
100 ppm. the root weight still exceeded 50% of the con- 
trol (figure 3). Such a response curve is distinctly unusual 
and justifies closer examination. However, the significant 
feature as far as this report is concerned is that no stimu- 
lation of rate of weight increase in barley roots was found. 
High concentrations of terramycin were noted to induce 
abnormal coleoptile curvature or to impair the normal polar- 
ity of the barley shoots, a response perhaps related to that 
observed by Kribben (2) , which will be discusseed else- 
where. 

Greenhouse Studies 

In the original experiments by Nickell (3) in which 
apparent stimulation of growth of corn and sorrel seedlings 
wa.s observed, the seeds were planted in soil in fiats watered 
with a 5 ppm. solution of terramycin. Accordingly, experi- 
ments of this type were carried out in divided flats using 
composted greenhouse soil, of high fertility status, topsoil 
of relatively low fertility, vermiciilite, or sand. Counted 
numbers of sead of corn ( Ohio M-1 5 ) , oats ( Cl inton ) , 
barley (Moore) or soybean (Hawkeye) were planted iini- 
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luG. 3*- — Effect of terramycin on the growth (dry weight) of roots 
of barley (var. Atlas) at 25" C. for 6 days. 


formiy in replicated flats, one half of each of which was 
watered with 10 ppm. terramycin, and the other half with 
distilled water initially and as recjuired. Sets ol: flats were 
placed in constat temperature rooms held at 20 25'" 
and 30'' C. untiPemergence, after which they were placed 
in a greenhouse without temperature control The seed 
lots were all of high percentage germination and vigor, 
and the expseriments were carried out in June and July 
under good light conditions. 

Counts of emergence were made at suitable intervals, 
but no differences" in percentage germination or time of 
emergence, ascribabfe to the terramycin treatment, were 
found at any temperature or on any sub.strate. Mea.siirenients 
of the height of the individual seedlings of each species 
were continued daily for 14 days after emergence and at 
no time were significant difference.^ due to treatment ioiind. 

The same four .species were included again, I month 
later, in a .similar experiment limited to soil and vermicio 
lite, and to a pre-emergence temperature of 30" C. Again, 
no differences in emergence or st-ge of seedlings were 
observed as a result of the terramycin treatment. These 
conclusions are based on many thousands ()f measurements. 

Field Studies 

Replicated plot experiments on corn (Michigan 480 ) 
were carried out at the University of Michigan Botairical 
Garden in 1953 and 1954, and on soybean.s (Hawkeye) 
also in 1954. In none of these was there a significant 
increase in yield due to terramycin treatment. The plant- 
ings, which were made by hand to ensure complete uni- 
formity , were under close; observation, and many counts or 
measurements of the number and size of plants or plant 
parts were made. 

The experiments were essentially similar and involved 
the following treatments: 

1. seed nil treated, planted dry 

2. seed soaked in water overnight at 3'' C. before plant" 

■ dng., . 

3. seed soaked in 10 ppm. terramycin overnight at 3’^ C. 
before planting 

4. seed untreated, planted dry, watered once with water 
1 day after planting 

5. seed untreated, planted dry, watered once with iO 
ppm. terramycin 1 Jay after planting. 

6. iis (4) above, but watered 3 times, 1, S, and 15 days 
after planting (1953), and on 1, 4, and 1,0 days 
after planting (1954). 

7. as (6) above, but watered 3 times with 10 ppm. ter- 
ramycin. 

Watering was carried out with a sprinkling can in such a 
way that an area approximately 8 inches each side of each 
corn hill or soybean row was wetted uniformly (2,5 gal- 
lons per Ip-hiil corn plot, 1 gallon per 10- foot soybean 
row). In both years, the early season rainfall was such that 
germination and seedling growth were not delayed. Treat- 
nients 2 and 3 involving pre-soaking of seed were not 
included in the 1954 experiments because of an adverse 
effect in 1953 on seedling establishment, and number of 
primary stalks. Certain differencevS in the rate of growth 
ascribable to treatment were apparent in the 1953 corn 
plots, but in 1954 neither the corn nor the soybeans showed 
any transitory responses. The following tentative conclu- 
sions w'^ere reached in 1953 on corn: 
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1. Emergence and early vigor (7 to 10 days after plant- 
ing) were clearly favorahly affected by terramycia watering. 

2. Terramycia watering did not significantly affect the 
survival rate at 14 days, but somewhat increased the num- 
ber of larger seedlings. 

3. Repeated watering with terramycia (3 times) was no 
more effecti\^e than a single treatment with respect to the 
items listed in (2) above. 

4. Plots watered once or 3 times with terramycin bore 

more main stalks at 36 and 69 days and had a higher ear 
count. , , 

3. Yields of husked corn were not increased by terra- 
mycin watering. 

In 1934 particular attention was paid to the verification 
of the observations listed above, but at no time were there 
seen such differences ascribable to terramycin treatments. 
Almost 1 } stands w-ere obtained, with remarkable uni- 

formity between plots. 

' DISCUSSION ■ 

The experiments reported herein do not provide support 
for the claim that terramycin stimulates the growth of 
higher plants. On the contrary, in the absence of soil, root 
elongation and root growth are uncjuestlonably inhibited by 
exposure to terramycin at low concentrations. In soil or 
vermiculite 3 to U) ppm, terramycin is not inhibitory, 
whereas in w^ater, root growth is substantially reduced at 
these levels. ■ ' 

These results confirm and amplify the general findings 
of Barton and M.u:Nab (1) who, however, did observe 
somewhat better growth of wheat roots when terramycin 
was added in certain experiments involving distilled water. 
It appeared, however, that the terramycin overcame some 
toxic inlliience of the distilled water, and that at higher 
terramycin levels, inhibitory responses occurred. 

It remains to account for the apparent stimulation of 
seedling growth observed by Nkkeil (3, 4) and for that 
in our corn plots in 1953. In NickelFs case, the seed corn 
used was of low percentage germination, but in our experi- 
ments seed having almost 100% germination was used. 
Even so, the probable explanation common to both is that 
the terramycin solution applied shortly after planting exer- 
cised a protective effect on the seedling by suppressing the 
development of organisms, some of which might other- 
wise have caused injury to the developing root system. 
These would be non-specific pathogens of the type asso- 
ciated with damping-off. Nickell (4) observed a higher 
percent germination of corn and hybrid cucumb%s in ter- 
raiTiycin-trcated ffat.s, and repeated the corn experiment sev- 
eral times with the same re.siilts, presumably on the same 
batch of soil If protective action rather than stimulation 


is the explanation of the responses observed, then The pres- 
ence or absence of certain organisms in the soil population 
and the environmental conditions at the time of germina- 
tion w^ould determine whether or not early growth differ- 
ences might be seen. Unless such protective action resulted 
in a substantial difference in stand, or the later weather con- 
ditions were such that there wmild be clear advantage from 
an early vigorous start, it is not to be anticipated that yield 
differences would ultimately result. 

This explanation clearly does not account for the stimu- 
lation observed in Lemna minor grown aseptically (5) nor 
the effects on the virus tumor tissue oi Knm ex (3), but 
neither of these systems can be considered as in any way 
representative of a normal higher plant. Moreover, the 
Lemna data showed certain peculiarities that suggested that 
the stimulatory effect might be indirect rather than direct. 

SUMMARY 

The effects of terramycin (oxytetracycline) on root 
growth and seedling development of some crop plants w^ere 
examined critically, but no evidence supporting the claim 
that terramycin stimulates the growth of higher plants was 
obtained. Root elongation and growTh were repressed by 
terramycin treatment at low concentrations in water or nutri- 
ent solution. In vermiculite, sand, or soil, 10 ppm. terra- 
mycin caused no detectable change in seedling development 
in corn, oats, barley, or soybeans. Field yields of corn and 
soybeans were not increased by terramycin, but indications 
of a protective effect were obtained in one season. It is 
probable that the iDrotective antibiotic action of terramycin 
against non-specinc root pathogens accounted for these 
observations and for those earlier results in which stimula- 
tion of growth w^as claimed. 
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Notes 


UNDERGROUND DEVELOPMENT OF 
ALFALFA CROWNS^ 

W HEN a large number of the crown branches of alfalfa 
is entirely" or partially below the soil surface, the 
insulating value of the soil gives added protection to these 
overwintering structures. Early research by Brand and Wal- 
dron^ and Blinn® indicated that alfalfa varieties with con- 
siderable amounts of the crowns underground were better 
protected from winter freezing, thawing, and drying out 
than varieties having upright crowns, Smitlr* has suggested 
that the overwintering crown branches of any legume tend 
to escape injury in whole or in part from encasement by 
otherwise damaging ke sheets when the crown is partially 
or completely underground. The submerged parts gain pro- 
tection also from low temperatures that prevail during 
winter. Lebeau‘“' has suggested that some ailalfa varieties 
with numerous underground crown branches may escape 
killing from the winter crown rot or snow mold in Western 
Canada. ' '' 

Observations were made in the trials reported hi this 
paper on the underground development of the crowns of 

^Published with approval of the Director of the Wisconsin 
Agr. Exp. Nation. Received July 5, 19 3 5. 

“Brand, G, J., and Waldron, L. R. Cold resistance of alfalfa 
and some factors influencing it U.S.D.A., B.P.I. Bill. 185. 1910. 

P. K. Alfalfa.; relation of type to hardiness. Colorado 
Agr. Exp. Sta. BiiL 181. 1911. 

'‘ Smith, Dale. The survival of winter- hardened legumes encased 
in ice, Agron. Jour, 44: 469-^47 3. 1952. 

® I.ebeau, J. B. The physiology and nature of disease develop- 
ment in wonter crown rot of alfalfa. Ph.D. thesis, University of 
Wisconsin. 1953. 


Severn] alfalfa varieties and strains duriog '^1952 and 
All observations were made on plants removed from the 
field in the fall of tlieir seedling year, 

Seedings were made on May 26, 1952, and on M.ay 14, 
1953, at Madison, Wis., on Miami silt loam soil in single 
variety rows spaced 2 feet apart. The rows, were hand 
thinned when the seedlings were 6 to B Inches high so that 
the plants were spaced IS to 24 inches apart. In this man- 
ner, competition between plants was reduced and more 
uniform conditions were provided for crown development. 
The .alfalfa foliage was/ kept. free, of , damaging insects by 
the frequent use of insecticides. 

During early November 1952, and during late October 
1953, ail of the top growth above the soil was cut off level 
with the soil surface with razor blades. The first 20 plants 
in each row vvere then removed from the soil. After wash-™ 
iog, the spread and depth of the underground portion of 
the crown a:>f each piaot was measured in inches, A ruler 
was placed across the approximate center of the ermvo 
and the spread w^as measured across the wndest porriem 
from tip to tip of the longest rhizomes on each side, llie 
depth of each crown below the sol! surface was measured 
perpendicularly from the point of severance of tlie stems 
at the soil level to the point of initiation of the lowest 
.'rhizome; ■ ■ ■ 

Counts were made also on the number of rhizomes which 
originated from the old and woody basal portion c4‘ the 
primary stem. As they w^ere counted, the rhizomes were 
removed with a razor blade. The longer rhizomes on the 
plants of some varieties, had several well developed branches. 
These branches were separated from' each, rhizome at their 


Table l.“— The average underground crown development per plant for several varieties and strains of alfalfa based on 20 spaced plants 
of each variety which were removed from the held in the late fall of the first year of growth in 19S2 and 


Variety or strain 


Alaska falcaia 

Ehizoma 

Vernal-. 

Grimm 

Ranger 

Buffalo-- 

Arizona Common. 


L.S.D. 5% level . .. 

;2:D.V.-. 

Alaska falcata 

Ehiaoma 

Vernal 

Narragansett 

Grimm 

-Ranger^ -'-2:- .. 

Buffalo - - ------ 

Arizona Common _ 

L.S.D. 5%ieveL 
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^Contribution from the Genetics Department, Texas Agr. Exp.. 
Sta,, College Station, Tex, Received July 18, 1955. 

“Graduate Student on leave from West Pakistan and Associate 
Professor of genetics respectively. 

® The basic progression was first suggested by Prof, C. B. Godbey 
to the junior author in 1946. 
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Fig. I.-— The amounts of underground crown branches (rhizomes) 
on 20 spaced plants of each of 7 varieties and strains of alfalfa 
as measured in late October of the first year of growth (1953). 
(L to R) Rhizoma, Vernal, Narragansett, Grimm, Ranger, Buf- 
falo, and Arizona Common. 

point of origin. All of the underground pieces removed 
from the crowns of the 20 plants of each variety were then 
laid end to end, and the total .length was measured in 
inches. This tissue was oven-dried and weighed. The old 
and woody portion of the primary stem below the soil sur- 
face was not included in any of the counts or weights. 

The data presented in table 1 show that the varieties of 
^ in the same order of rank in 

each year with regard to the amounts of rhizome tissue. 
Rhizoma alfalfa produced the largest amount of under- 
ground crown branches. It was followed by Vernal, Grimm, 
Ranger, Buffalo, and Arizona Common alfalfa ( figure 1 ) , 
respectively, Narragansett ranked between Vernal and 
Grimm in the one year that it was studied. 

The strain of M. falcata examined is used for forage pur- 
poses in Alaska. The spread of its crown was not as great 
as that of some of the varieties of M. and the rhi- 

zomes were small in diameter and much branched. How- 
ever, it produced the largest number of underground crown 
branches during both years, and the numbers were 38 to 
39% greater than for Rhizoma which had the largest num- 
ber among the studied. 

Roots arising from the basal nodes of the older rhi- 
zomes were much in evidence in the faUa^a strain. This was 
noted also, but to a lesser degree, in the Rhizoma, Vernal, 
and Narragansett varieties. These varieties derive much of 
their inheritance from M. falcata, and this may account, 
in part, for their greater underground crown development 
as compared with Grimm, Ranger, Buffalo, and Arizona 
Common. 

Differences among the varieties and strains in the aver- 
age depth of the crowns below the soil surface were not 
very apparent. The statistical significance of the data may 
result from the fact that in each year the crowns of the 
falcata strain and of the Arizona Common were consistently 
shallower in depth than the crowns of the other varieties 
in the study. 

The data indicate that measurable differences exist in the 
underground development of the crowns among alfalfa 
varieties and strains. If a spreading underground^ crown 
having a large number of rhizomes is correlated with sur- 
vival under severe winter conditions, as suggested by this 
study, it would be of considerable importance in the im- 
provement of alfalfa.— -Dale Smith, Wisconsm Agr, Exp. 
Station, Madison, Wis, 


THEORETICAL PROPORTION OF HETERO- 
ZYGOSITY IN POPULATIONS WITH 
VARIOUS PROPORTIONS OF SELF- 
AND CROSS-FERTILIZATION\ 

ATTEMPTS to utilize hybrid vigor in crops which are 
-Ol difficult to emasculate and cross-fertilize on a commer- 
cial scale usually involve advanced generation hybrids or 
synthetic varieties. The value of such populations will 
depend at least partially upon the amount of hybrid vigor 
they retain. Since hybrid vigor is strongly correlated with 
heterozygosity it would seem profitable to determine the 
amount of heterozygosity expected in each hybrid genera- 
tion. , ■ ■ 

When only random or cross- fertilization occurs, the pro- 
portion of heterozygosity immediately becomes stabilized at 
2pq where "'p” equals the frequency of gene jB and '"q” 
equals the frequency of gene k When only self-fertilization 
occurs, heterozygosity is reduced by ^ each generation and 
approaches zero as a limit However, when reproduction 
is partially by self- and partially by cross-fertilization, 
heterozygosity approaches some limit other than zero de- 
pending upon the proportion of self-fertilization. 

A simple formula for determining the proportion of 
heterozygosity for any filial generation derived from any 
parental population can be developed as follows: In any 
generation the genotypic ratio will be: 

p — h/2 AA: h Aa: q — h/2 aa 

where h r: the proportion of heterozygosity and p and q 
represent gene frequencies as mentioned above. If we 
assume no selection and let r = Yi the proportion of self- 
fertilization and a r:: the proportion cross-fertilization, then 
the proportion heterozygosity (H) in the first filial genera- 
tion could be represented by the terms: 2pqa 4* hr; in the 
second generation by the terms 2pqa -f 2pqar -b hr^; in 
the third by 2pqa + 2pqar -f 2pqar“ 4 - hr'^; and in the 
nth by 2pq(a 4- ar . . 4- a.r*^ I) + ar“~^. Using the stand- 
ard algebraic formula for summing a geometric progres- 
sion^ results in a general formula: 


H 


^ ra(l-r-)l 

2pq -7-7- 

' ' , im 


4- 


This formula is quite useful for several reasons. It can 
be used for any parental population whether it is in equi- 
librium or not. It can be used for any gene frequency. And 
it can be used for any ratio of selfing and crossing. Where 
selfing is 100% the formula reduces to H z: hr^ and where 
crossing is 100% it becomes: H = 2pq. The theoretical 
limit which heterozygosity approaches may be obtained cj[uite 
easily. As "n ’ in the general formula increases without 
limit, r^ approaches zero, reducing the formula to: 


lim 
a *">■ 


H m 2pq 


m 
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The proportion of each honiozygous genotyp^^ 
determined for any generation if 'Md” and p and q 

H . 1 hi 

ate known. A A will ecjual p — and aa will equal q 


In some populations such as mixtures oi homozygous 
lines used as the beginnings of synthetic varieties, there is 
no heterozygosity. Thus ''h” equals zero and the general 
formula reduces to: 




Fig. 1.— Proportion heterozygosity ^vith different proportions of 
cross-fertilization where p q 1/2 and ii 1. 



Fig. 2. — ^Limit of heterozygosity with different gene frequencies 
and proportions of cross-fertilization. 



Method A’. Beg'nf>.'!^0 -genefoison hybrids 



Fig. 3.— Proportion heterozygosity in synthetic vanities rnaile up 
by two difl'erent fnetlicids where* p r kj and q :~:;r 


Where one hybrid plant is the source of later gencratirnis. 
p rr q - n and.h rr 1. The formula then becomes: 



This is probably the most conimmi situation to be expected 
when calculating heterozygosity in advanced generation 
hybrids in highly self-fertilized crops. 

Figure 1 illustrates the effect of the percentage of cross- 
fertilization on the proportion of heterozygosity in the first 
10 filial generation.s and at the theoretical limit of hetero- 
zygosity with 7 different percentages of cross- fertilization. 
Figure 2 illustrates the effect of gene frequency on the 
theoretical limit of heterozygosity with -I differenf percent- 
ages of cross- fertilization. In any case tghef than I0(F/ 
selling, a situation of p r::' q ' rr' 14 gi^^^s, the tmximnm 
limit iif heterozygosity. 3 shows how proportion 
of heterozygosity approach^^^ its theoretical limit uiuler 
two methods of prctelucing synthetic varieties,. As indicated 
by the two sets of curves, synthetics maile from ciUit rolled 
crosses Of finst generation hybrids have a greater percent- 
age of heterozygosity than those made from mixtures of 
inbred lines. However, leva or more generations usually 
wmuld be rec}uired before an adequate seed supply would 
be available feuv commercial purposes. At this time the 
advantage gained by starting with hybrids instead o( inbred 
lines wmiild be small and perhaps not worth the cost of 
making the hybrid.^. 

Other formulae for determining the proportiem of hetero- 
zygosity at any gcn^mtkm have been de^xdoped by Garber. ^ 
They are quite accurate, but in the opinion of the authors 
are more complex and unwieldly than the ones presented 
here.—MAHBUB ALr, Gnuimte Studeni mi leave from 
W'^esl Pakistan, ^nd Henhv H. Hadlfa', Assochite Profes- 
sor of Genetks, Texas A&Ai College, 

^Garber, M. J. Approach to i^enotypic equilibrium with vary- 
ing percentages of self-fertilization and cross-fertilization (one 
autosomal gene-pair). Jour. Hered. XLTI, No. 6:299 '3Bn. 19SL 




DETERMINING DISEASE LOSSES IN OATS^ 

R eliable information on losses from diseases is needed 
-for the more effective planning of breeding programs. 
Most yield loss estimates are made from observations or 
from comparisons, as between resistant and susceptible vari- 
eties. More accurate estimates are obtained in properly 
designed tests under artificially produced epiphytotics with 
adequate controls. Isogenic lines logically measure disease 
losses most accurately since they minimize the effect of 
variables other than disease reaction. This paper presents 
data on the determinations of losses in oats from the Vic- 
toria blight or gmlsniy Helmmthosporl/wi vktorme M. and 
M. The material is of particular interest since the parent 
stock was believed for many years to be a genetically pure 
line of oats. The lines used in this study became identifiable 
only in the presence of the pathogen which first appeared 
in the eleventh generation of selfing of the parent line. 
Thus the lines reported are essentially isogenic although 
not selected as such in the usual way. 

Selection 526, the oats used in this study, was derived 
from the cross Ithacan X Victoria made in 1936 by Love 
and Craig, The line was an extremely uniform high- 
yielding strain characterized by unusually short straw which 
emphasized its uniform appearance (the variety Craig was 
selected from this line). However, in 1947-48 when Vic- 
toria blight reached epiphytotic proportions in New York 
State, this line, which had been selfed for 11 continuous 
generations and was considered to be homozygous, was 
found to consist of plants resistant, susceptible, and hetero- 
zygous for reaction to blight. Lines in each of these classes 
were selected and increased under disease- free conditions 
at Yuma, Ariz., during the winter of 1950. In the late 
spring of 1951, the 12 lines (3 resistant, 6 segregating, 3 
susceptible) were planted in a split-plot arrangement repli- 
cated 8 times in each of 4 locations at Ithaca, N. Y. Resist- 
ant Mohawk and susceptible Vkland were used as check 
varieties. Entries were planted in single rod-row plots 1 
foot apart, the central 15 feet being harvested for yield 
purposes. The main split was between inoculated and unin- 
oculateed plots, which were separated by two rows of 
Mohawk to minimize the danger of spread of the pathogen. 
The oats were inoculated by dipping the seed in a spore 
suspension of H. vk forme before planting. Separate planters 
for inoculated and uninoailated seed were used and neces- 
sary precautions taken to prevent the spread of the inocu- 
lum from the inoculated to the uninoculated plot while 
planting. The results from these tests are summarized in 
table 1. 

The very similar yields of the 12 strains when not sub- 
jected to the influence of Victoria blight give evidence of 
the isogenic nature of these lines. In the inoculated plots, 
however, the effect of blight on the segregating and sus- 
ceptible strains was marked and clearly evident. The reduc- 
tion in yields was 65 and 96%, respectively, when com- 
pared with the same disease group in the uninocuiated 
plots. This reduction was due chiefly to the poor stand 


^ Part of a thesis submitted to the faculty of the Gra4uate School 
of Cornell University in partial fulfillment of requirement for the 
Ph.D, degree by the senior author. Jour. Series No. 288, Georgia 
Agr. Exp. Sta., Experiment, Ga., and Paper No. 321, Department 
of Plant Breeding, Cornell University, Ithaca, N. Y. Received 
July 28, 1955. 


Table d. — ^The mean yield of oats in each of the groups resist- 
ant, segregating, and susceptible showing the difference in 
yield between groups as well as between inoculated 
and uninocuiated. 


Disease group mean 

Yield in bu. per acre 

Reduction 
or gain 

1 in yield 

Uninoc, 

Inoc. 

3 resistant strains - _ 

6 segregating strains 

3 susceptible strains, . . _ 

31.4 

33.3 

31.3 ' 

38.5 

11,8 

1.3 

-f 7.1 
-21.5 
-30,0 

Mean of all disease groups 

32.0 

17.2 

-14.8 


caused by the seedling killing of crown rot. The few sus- 
ceptible plants which did mature lodged badly and pro- 
duced light gain of poor quality. Under the same condi- 
tions the resistant strains actually showed an increase of 
23%, this being due to the removal of adjacent row com- 
petition which could have been avoided through the use 
of multiple-row plots. — ^J. P. Craigmiles, and F. Jen- 
sen, Associate Agronomist, Georgia Agr, Exp, Sta., Experi- 
merit, Ga., and Professor of Plant Breeding, Cornell Uni- 
versity, Ithaca, N. ¥,, respectively. 


THE OCCURRENCE OF TRISOMICS AND 
OTHER ANEUPLOIDS IN A CROSS OF 
TRIPLOID X DIPLOID Sorghum 
'vulgare^ “ 

AN OFF-TYPE plant found in 1953 in a row of White 
Collier sorgo at the Fort Hays (Kans.) station was 
early, had a spindly stalk, tillered and side-branched pro- 
fusely, and was highly sterile. Externally it closely resembled 
a sorghum haploid as described by Brown.'"^ The aberrant 
plant, upon removal to the greenhouse, was completely 
sterile under bagging, and a cytological check revealed it 
to be a triploid rather than a haploid. The triploid is appar- 
ently of hybrid origin because many plant characters do 
not resemble White Collier. 

In the field, more than 100 poor-quality seeds had been 
set on the triploid by open pollination of a large number 
of florets. In the spring of 1954, 50 of these seeds planted 
in bands produced 27 viable plants, w^hich were trans- 
planted to the field. Two of these were destroyed by rab- 
bits. Sporocytes were collected from the remaining 25 
triploid-diploid progeny and analyzed wdth the following 
results: 9 normals, 2N; 9 trisomics, 2N4-1; 3 double tri- 
somics, 2N+l-fl; 1 tetrasomic, 2N-}-2; 1 triple trisomk, 
2 N+ 14 -l-f 1; 1 trisomic-tetrasomic complex having the 
karyotype 2N +2-pi + iq-l-pl; and 1 uni dentified aber- 
rant 


^ Joint contribution from the Field Crops Research Branch, 
A.R.S., U.S.D.A., and the Fort Hays Branch, Kansas Agr. Exp. 
Sta.; Contribution No. 93 from the Fort Hays Branch Exp. Sta. 
Received Aug. 27, 1955. 

“These results are a portion of the material submitted by the 
senior author in partial fulfillment of the requirements for the 
M.S. degree at Kansas State College, 

•‘Brown, Meta Suche. Haploid plants in sorghum. Jour. Hered: 
34:163-166. 1943, 
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Fia. :i.— Meiotic %ures of trisoniic Sorghum vnl^ars; A, meta* 
phase I with normal orientation of extra univalent on equatorial 
plate; B, higgin|? ancl dividing univalent at anaphase L (Ten 
bivalents not all discernible because of dumping.) 

All of the 16 aaeuploids showed ' high sterility under 
bagging but generally set abundant seed when pollinated 
by normal plants, Figure 1 shows the extra univalent of a 
trisomtc plant at metaphase I and a rather typical subse- 
quent lagging behavior at anaphase L An occasional uni- 


valent proceeded to one pole and divided during the sec- 
ond meiotk division rather than the 

The lethality of the small population of sorghum tripioid 
X diploid progenies was about the same as lound 

by McCJintock-^^" in maize, trisoniics. In the : surviving popt>- 
lation McCiintock found 45% aberrant plants, including 
16% trisomics. In this sorghum popujatmn, 64% of the 
plants were aberrants, which included ^6'' c irisomics. Ade> 
quate populatloos might reveal more similar percentages for 
the two crop species. 

The value of trisomics is apparent in a species such as 
Sorghum vulgare, in which only four plural linkage groups 
have been studied. Trisomic plants can be propagated vegc- 
tatively and used immediately in test crosses to determine 
the niillipiex, simplex, duplex, or triplex nature of a single 
locus, or trisomic stocks can be produced in given lines by 
repeated backcrossing. 

Elimination of normal plants from a irlploirbdiploid 
cross on.the basis of fertility would concentmte the aber- 
rants and Increase the chance ot isolatiiig trisomics. 'fhi.s 
would facilitate cytoiogical ioN CStigalions r>f sorghum whicii 
are difficult otherwise. Frequencies of onl}^ a lew trisomits 
per hundred plants should provitie ft>r the reemery of all 
ten testers with little ditikiilty. • -Mary HMXfA Piucih 
AssistiifU^ KariMS A gi\ Exp, SiJ,: mni \Xk Kf, Ross, 
ciat 0 Agronomist, Ekld Craps Research BraHch, AMS., 
IJ.SrD,/!,, located at the Mori Ha\.\ /hv///cA AVu/ieW/. ■ 

■ '^McCiintock, Barbara. A cytologicaf snidv of tripioid. cruij/.o... 
Genetics' 14:1S(U222. 15U9. . 
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■ ; c : ccKLING. LkANBERSON ; ■ ' ; 

K IJNG L. ANDERSON was bom at Axtell, Nebr., in 1910. 
He received his B.S. degree in 1936 from the University of 
California and his M.S. degree from Kansas State College in 
1938. His Ph.D. degree was obtained from ; the University of 
Nebraska in 1951, 

Mr. Andemn was a research assistant at Kansas State College 
in 1936-37 and became assistant professor in pasture imprtiveinent 
in 1938. He was advanced to associate profes.sor in 19*1 2 and to 
professor in 1946. He has devoted his life to teaching and research 
in the fields of pasture and range improvement and management. 
He has been especially active in developing improved varieties and 
strain.? of native and introduced grasses for eastern Kansas. He is 
one of the leading research workers in the development of improved 
strains of Sudangrass that have heavy leaf development and low 
toxicity. His studies on the induence of nitrogenous fertilizers on 



Anderstm 


Beard 


the yield and composition of bromegrass and on seed production 
of bromegrass have given outstanding results as have his studies 
on the use of legumes in pasture mixtures. 

In 1952 Mr. Anderson was granted a Fulbright Scholarsliip for 
study and travel In New Zealand where he spent 9 Jiionths. 

Mr, Anderson has published a great many technical and popu- 
lar articles on pasture management and improvement. 

DAVID E BEARD 

D avid E. beard was bom in Wood County, Ohio, in 1912. 
He received the B.S. degree in agronomy from the Ohio State 
University in 1935 and the Ph.D. degree from the same insti- 
tution in 1940. He was appointed extension agronomist at Ohio 




During this same period, beginning in 1940, Dr. Beard wa^ secre- 
tary-treasurer of the Ohio Seed Producers Association. In 1950 he 
moved to Bdtsville, Md., as assistant head. Division of Forage 
Crops and Diseases, Bureau of Plant Industry, .Soils, and Agricuh 
turai Engineering, In 1951 he was named head of that division,, 
the position he now holds, 

D.r. Beard’s principal work has been in seed improvement and 
seed certification and he is a recognized leader in the country in 
that , field. In 1946 he held a special apix){ntment in the U, S. 
Department of Agriculture to make a sun^ey of the problems of 
production, movement by the trade, and marketing of certified 
seed, especially of the grasses and legumes. On the basis of his. 
studies, he made recommendations of important changes in the 
.seed improvement and seed certification program that kxi to the 
adoption by the International Crop Improvement Association of 
the principles of inter-state .certification. 
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He has served, since the beginning of the National Foundation 
Seed Project, as chairman of the Planning Committee for that 
Project. To him goes much of the credit for development of 
sound principles and procedures in operation of the Foundation 
Seed Project. 

Since assuming his responsibilities as head of the now Forage 
and Range Section, Agricultural Research Service, Dr. Beard has 
demonstrated repeatedly his leadership in forage crop research in 
the United States. 


GEORGE M. BROWNING 

G FX)RGE M. BROWNING was born at Verona, Mo., in 
1908. He ^received the B.S. degree from the University of 
Missouri in 1932, the M.S. and Ph.D. degrees from the 
University of West Virginia in 1934 and 1938. He was a soil con- 
servationist with the Soil Conservation Service after 1935 and 
appointed senior soil conservationist in Iowa in 1943. In 1947 
he was appointed assistant director of the Iowa Agricultural Experi- 
ment Station in charge of the experimental farms program and in 
1951 was promoted to associate director, the position he now holds. 

Dr. Browning has made many reports to the Society and else- 
where on soil physics and soil chemistry, and in his major field 
of research, soil conservation. 


RALPH M. CALDWELL 

R fVLPH M. CALDWELL was born at Brookings, S. Dak,, in 
^ 1903. He received the B.S. degree from South Dakota State 
College in 1925; and from the University of Wisconsin he 
received the M.S, degree in 1927 and the Ph.D. in 1929. His train- 
ing was particularly in plant pathology and plant breeding. In 
1930, after 2 years as Wisconsin’s state leader in the barberry eradi- 
cation program, he joined the staff of the botany and plant pathol- 
ogy department at Purdue University in charge of small grain dis- 
ease control. He was appointed head of that department in 1937, 
and resigned as head in 1954 to devote full time to research in 
small grain improvement. 

Varieties released to date from projects under Dr. Cakl well’s 
leadership are Benton, Clintland, Bentland, and Newton oats, and 
Vigo, Knox, Vermillion, and Dual soft red winter wheats. Dr. 
Caldwel 1 has made notable contributions to our knowledge of the 
leaf rust disease of wheat, particularly the factors of. loss due 
to leaf rust attacks and the distribution of physiologic races of 
the pathogen. In addition to adiiiinistering the department and 
providing leadership in the development of broad re.search pro- 
grams within the department in microbiology, genetics, physiology, 
and plant pathology, Dr. Caldwell organized one of the mcest 
progressive small grain improvement projects in the nation. 
Through judicious selection and combination of germ plasm from 
many distantly related sources, he has developed wheat varieties 
with yield advantages unprecedented in the crop. He discovered 
two of the important sources of resistance to the Eastern strain 
of Hessian fly, and the Dual variety incorporates the resistance of 
•one of these. 

He has been a member of the Society for over 20 years and 
has been on numerous committees and programs. 





Caldwell Chapman Colwell 


HOMER D. CHAPMAN 

H GMER D. CHAPMAN was born at Darlington, Wis., in 
1898. He received the degrees B.S,, M.S., and Ph.D. from 
the University of Wisconsin in 1923, 1925, and 1927 respec- 
tively, his major subject being soil chemistry. He was made assist- 
ant chemist in the Citrus Experiment Station of the University of 
California at Riverside in 1927; associate chemist and chairman 
of the division of agricultural chemistry in 1938; professor of 
soils and plant nutrition and chairman of that division, 1944 to 
1955. He was president of the Western Society of Soil Science in 
1938-39, and chairman of the division of soil chemistry in the 
Soil Science Society of America, 1941-42. 

He has been invited to give papers at several international con- 
gresses, and has published nearly 100 research papers, mostly 
relating to soil chemistry in i'elation to growing of citrus. 


WILLIAM E. COLWELL 

W ILLIAM E. COLWELL was born at Tarkio, Mo., in 1915. 
He received the B.S. degree from the University of Nebraska 
in 1936, the M.S, degree from the University of Idaho in 
1938, and Ph.D. in soils from Cornell University in 1942. He 
was associate professor of agronomy at North Carolina State Col- 
lege from 1942 to 1944, when he went with the Rockefeller 
Foundation in Mexico for two years. He returned to North Caro- 
lina State College of Agriculture in 1946, becoming head of the 
department of agronomy in 1948. In 1953 he was appointed assist- 
ant director of the North Carolina Agricultural Experiment Sta- 
tion, a position which he holds at present. 

Dr. Colwell has published many articles in Agronomy Journal 
and Proceedings. He has been chairman of the Plant Nutri- 

ents Division, chairman of the Committee on Fertilizers, and sepe- 
tary of the Southern Branch of the Society. He has been particur 
larly active in the study of the mineral nutrition of peanuts, but 
has also published on a wide range of topics, and now as assistant 
director of the North Carolina station, he is in charge of tobacco 
research. ' ■ 


: JOHN E CONRAD 

J OHN P. CONRAD was born in Rialto, Calif., in 1893, He 
received his B.S. degree at the University of California in 1917, 
and his Ph.D. degree at the same institution in 1933; He joined 
the staff of the department of agronomy in 1921, and is now pro- 
fessor of agronomy and agronomist at the experiment station. 

Dr, Conrad has devoted most of his efforts toward investigation 
on the relation of soil organic matter to soil fertility, and the rela- 
tion of organic transformation to the availability of nutrient ions. 
He has also given considerable attention to the availability of 
vandus forms of nitrogen phosphorus and sulphur in California 
soils. His studies on the hydrolysis of organic nitrogen by ther- 
molabile catalytic activity are outstanding. He has about 50 papers 
and publications to his credit. 

Dr. Conrad has been an effective teacher. In 1948 he was selected 
by his colleagues to deliver the annual faculty research lecture, 
his subject being ’’Crop Residues on Humus in Relation to the 
Supply of Plant Nutrients”. He has served on the Advisory Board 
of Institute of Geophysics, and as representathh of the 11 western 
states on the Fertilizer Work Group. 

He was elected vice-president of the Western Society of Soil 
Science in 1950-51 and president in 1951-52. 


GEORGE H. DUNGAN 

G eorge H, DUNGAN was bom at Rocklane, Ind., in 1887. 
He was awarded the B.S. degree in 1917 and M.S. degree 
in 1921 by the University of Illinois, and the Ph.D. degree 
in 1925 by the University of Wisconsin. 

He began his professional career as assistant in agronomy, Uni- 
versity of Illinois, in 1917, and advanced to professor of crop 
production in 1936, a position and rank he has held to the present 
time. 

On July 1, 1953, he was assigned to Allahabad 'Agricultural 
Institute, Allahabad, India. In this assignment he was made chair- 
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Conrad Dungan Frolik 


man of the research project committee, ancl leader of the Illinois 
Program, has taught courses in plant breeding and crop produc- 
tion, and carried on researches including corn breeding, hybrid 
corn performance tests, and methods of growing corn. 

Dr. Dungan’s major field of activity at University of Illinois is 
field crop production as influenced by growth conditions, i.e,, 
experimental crop ecology. Specific problems to which he has given 
attention are: hail injury, effect of detasseling corn, function of 
suckers on corn, delayed planting of corn for corn borer control , 
rate of planting small grains, and effect of varying the space 
between corn plants on yield and quality. 

He is rated as an outstanding teacher, served on the student 
activity committee of the Agronomy Society for several years, has 
been a grain judge at many county and student contests, and has 
been much in demand as a speaker at father-son banquets. 

He is the author of over a dozen papers in Agrofwmy Jrjurual, 
and author or co-author of over sixty bulletins and circiifars of the 
Illinois Experiment Station and Extension Service. 


ELVIN F. FROLIK 

E LV IN F. FROLIK, professor and former chairman of the 
department of agronomy and now associate director of the 
Nebraska Agricultural Experiment Station, was born at DeWitt, 
Nebr. in 1909. Dr. Frolik received his B.S. degree from Nebraska 
in 193 Ov the M.S, degree in 1932 and the Ph.D. from Minnesota 
in 1948. He was a graduate assistant in agronomy from 1930 
until 1933; served as county agent for a year* was farm adviser 
for a life insurance company during 1934 and 1935; and extension 
agronomist. University of Nebraska 1936-1945. Since 1945, Dr, 
Frolik has been a staff member of the department of Agronomy. 
He .spent two summers as a research fellow at the California 
Institute of Technology, Dr. Frtdik served as one of the represen- 
tatives of the University of Nebraska in developing an exchange 
program with Turkey. He initiated work on atomic irradiation of 
crops in 1947 and is author of numerous scientific publications 
and articles. 


JOHN E. GIESEKING 

JOHN ELDON GIESEKING was horn at Altamont, III., in 1905, 
J He received a B.S. degree in soils at the iJniYersity Illinois 
in 1927, an M.S. in chemistry, and a Ph.D, in soils from the 
same institution in 1927 and 1934, respectively. During the aca- 
demic year 1929-30, he studied with Kappen at the University 
of Bonn, Germany, *and in 1933-34 he held a National Research 
Council grant, working with Dr. Hans Jenny at the University of 
Mis.souri, He returned to the University of Illinois in 1934, where 
he rose steadily to his present position of professor of soil physics 
in the department of agronomy. 

Dr. Gieseking*s research has been in the field of physical chem- 
istry and mineralogy, of soils. He has published more than 16 
articles and directed many M.S. and Ph.D. the.ses dealing with 
ionic-exchange phenomena of clay minerals and soil colloids. His 
work on the nature and energy of binding of organic ions by soil 
colloids provided the fundamental basis for mucli of our present 
’ knowledge of aggregate stability and the action of organic matter 
jC and soil conditioners. He served as consulting chemist for the 
: Filtrol Corp, in the development of petroleum cracking catalysts. 




Prof. Gieseking has been active in the mnk of the Soil Science 
Society of America and has served as chairman of Division lU-- 
Soil Gliejnistry, and as recording secretary and histicrian. He 
attended the International Society of Soil Science Congresses in 
Oxford, Amsterdam, and Leopoldville. 


ATLEE L. HAFENRia-ITER 

ATLEE L. HAFENRICHTER was born at Plainfield, Hi., in 
j^l897. He received the B.A. degree from Northwestern Col- 
lege in 1922 and the Ph.D. degree frtuu the University of 
Illinois in 1926. He went to ''JLashlngton State College in 1929 
as assi.stant professor of agronomy ■( forage crops) where he stayed 
until 1933. He then joined the Soil Erosion Service, now the 
Soil Conservation Service, U. S. Department of Agriculture. He has 
been continually advanced in this organization and is now Plant 
Materials Technician (\XUst). 

As chief of the Regional Nursery Di\'ision, Soil C.onser%'ation 
Service, US.D.A., he directed the work of live Soil Conservation 
Service nurseries and several other outlying nurseries in the Pacitic 
.States in the assembly, testing, selecting, and developing ot gnj^scs. 
legumes, and browse and in determining the cisltural aovl riamvjge- 
ment practices required for their use under a wide variety ‘>i 
conditions. Many new plants were released tlirougli crrqs iropr«ne- 
ment associations and are in prt)diicti«>n and use in the XXTrsiertt 
states. .Sev'eral new techniques for establislinient and m-anagerm nf 
were developed. New plants vv'ere suade available to otlici' agencies 
for trial and study. 

Dr. Hafenriditer is a frequent contributor to 
He received a Superior Service Award from the ILS.IXA. in 19 17. 


PAUL- lU HARVEY 


P AUL H. HARVEY was born in 1911 at Nt.^ Paul. Ntbn He 
majored in agronomy at the University Ntbrask.i and was 
graduated in IS)34. He then went to Lov.i State* (adkge and 
received the Ph.D. degree In June 1938 vvith a niajor in genetics. 
From there he went to North Carolina State College as assistant 
agronomist, with responsibility for developing new corn and pea- 
nut varieties. In 1940, Dr. Harvey vvas promoted to associate agron- 
omist and placed in charge of corn breeding. The project was 
made cooperative with the LLS.D.A. in 1942. 

In 1951 he was promoted to professor of agrtmomy and placed 
in charge of plant breeding research. In addition to this, all field 
crop research was placed under his jurisdiction in 1954, Along 
with research and administration. Dr. Harvey has taken an active 
interest in training graduate students. 

Dr. Harvey’s research program has devadoped many j)f tin* cvim 
hybrids that are now used by North Clirolina farmers. He lound 
it possible to develop hyhidds quickly by crrissing gooil inbreds 
and single crosses from the Corn Belt states with local southern 
varieties, These top.cross; hybrids pfoduced about LP/l higher 
yields than the comnion corn varieties used in North C.arolina. 
Later lie developed inbred lines and produced thuibU- uoss hybrids 
that gave high yields and superior quality, aiul were inseH 
disease tolerant. 

Dr. Harvey ba.s presented papers at many Ad the annual n 
ings of the American Society ivf Agronomy. He is now a clirector, 
and served as program chairman. Division VIL in 195a. He has 
contributed several articles to 
many (vther agronomic papers. 
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quarters at New Brunswick. In November of 1940 he joined the 
staff of the Office of Experiment Stations, LF. S. Department of 
Agriculture, and became assistant chief of the oifice, in charge 
of grant fund administration in 1948, He continued in this work, 
with a change of title in 1953 to director, State Experiment Sta- 
tions Division. 

Dr. Knoblauch served as chairman of the Soil Science Society 
of America division of soil technology in 1942, and has published 
numerous articles in Soil Science Society of America Proceedings 
and Agronomy Journal, Ha was an official member of the U. S. 
Delegation to the Fourth International Congress of Soil Science 
held at The Hague, Netherlands, in 1950, was a member of the 
organizing and executive committee for the Sixth International 
Grassland Congress held at Pennsylvania State University in 1952. 


Jackson 
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Knoblauch 
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MARION L. JACKSON 

M arion L. JAGKSON was bom at Reynolds, Nebr. in 1914. 
He received the B,S, degn*ee with high distinction at the 
University of Nebra.ska in 1936, and the M.S. degree in 
1937, At the University of Wisconsin he received the Ph.D. degree 
in 1939. 

E.xcept for a brief period at Purdue University in 1946, he ha.s 
since been continuously in the department of soils, University of 
Wisconsin, becoming professor of soils in 1950. 

Dr. Jackson has published over 30 papers in. the Soil Science 
Society of American Proceedings md Agronomy Journal, ns well 
as many other papers elsewhere. He has been a member of the 
editorial board of the SSSA Proceedings since 1951, and has 
served as chairman of many Society committees. He has been active 
in the study of mineral colloids of soil, soil acidity, and other 
chemical and physical properties of the soil. He has made exten- 
sive use of the electron microscope in the study of soil properties 
and reactions. Dr, Jackson hns been active also in "practicar’ 
studies on the use of anhydrous ammonia and in the, use of 
large amounts of fertilizer to boost corn yields. 


WESLEY KELLER 

W ESLEY KELLER was born at Logan, Utah, in 1905. He 
received his B.S. and M.S. degrees from Utah State Agri- 
cultural College in 1929 and 1932, and the Ph.D. degree 
in plant genetics from the University of Wisconsin in 1939. 

He first worked in the Division of Sugar Plant Investigations 
with sugar beets. In 1939 he joined the Division of Forage Crop 
Diseases, Bureau of Plant Industry, U.S.D.A., with headquarters 
at Logan. He has been in that employment with various changes 
of title since, and is now geneticist, Forage Crop Section, Agri- 
cultural Research Service, LI. S.D.A. In that time he has been 
primarily concerned with the breeding of grasses for western range 
and pasture lands. He has made important contributions to breed- 
ing methodology and has produced important improved strains of 
crested wheatgr ass and orchardgrass. 

Dr. Keller has also conducted extensive research on irrigated 
pastures. His trials on scores of pasture mixtures and his coopera- 
tive work with various specialists in evaluating yield and palatabii- 
ity of these species has resulted in the introduction of higher pro- 
duction and more palatable pasture mixtures for the inter-mountain 
area. 

He has been a loyal supporter of the American Society of 
Agronomy since 1930, has contributed extensively at meetings and 
to Agronomy Journal, and was active in establishing the Western 
Society of Crop Science. 


HAROLD C KNOBLAUCH 

H arold c. Knoblauch was bom near BUssfieid, Mich., 

in 1908. He obtained his B.S, degree from Michigan State 
College in 1931, the M.S. degree in soil science from the 
University of Rhode Island in 1953 and the Ph.D. degree in 
agronomy from Rutgers University in 1942. From 193 1-'.^ 5 he 
served as assistant agronomist at the Rhode Island Agricultural 
Experiment Station. He joined the Soil Conservation Service in 
1935, and from 1938-40 he was in charge of research for the 
Soil Conservation Service in the State of New Jersey, with head- 


H ERBERT H, KRAMER, professor of agronomy at Purdue 
University, was born at Brighton, Colo., in 1916. He received 
the B.S. degree from Colorado A. & M. College in 1939 
and the M.S. degree from the University of Minnesota in 1941, 
Between 1941 and 1945 he continued graduate study and also 
conducted plant breeding research as associate geneticist on the 
special Guayule Research Project in Arizona and Caiiforriia. Fol- 
lowing this assignment he returned to the University of Minnesota 
and received the Ph.D, degree in 1946, Dr, Kramer has been on 
the Purdue staff since 1946 and was promoted to the rank of full 
professor in 1951. 

At Purdue he has been a leader in developing a program to 
survey new crops for potential industrial use iri the Mid-west. 
Since establishing and organizing a plant breeding program^ in 
forage crops. Dr. Kramer’.s efforts have turned to his original 
interest in fundamental genetics and cytogenetics. He has pub- 
lished over 20 scientific articles dealing with plant breeding and 
genetics. This work concerned the linkage groups in barley and 
corn. Dr. Kramer developed unique statistical procedures for these 
studies, of wide general application. 

He was granted a sabbatical leave from Purdue University in 
the academic year of 1953-54 when he accepted a fellowship at 
the California Institute of Technology to work on genetic problems 
in cooperation with Drs. D. G. Anderson and A- E. Longley. 

In recognition of his many contributions to plant breeding and 
genetics, Dr. Kramer received the Stevenson Awatd for Crop 
Science in 1953. 

Dr, Kramer has been chairman of Division^ VII, has been mem- 
ber and chairman of the vital budget and finance committee of 
the Society, has published extensively in Agronomy Journal, and 
is a member of its editorial board. 

WILLIAM S. LIGON 

W ILLIAM S. LIGON was born at Corydon, Ky., in 1903. 
He was graduated from the University of Kentucky in 
1925. He taught in Ohio from 1926 to 1929, then went 
to the University of West Virginia where he received the M.S. 
degree in 1930. He completed his Ph.D. in soils at Michigan State 
College in 1934 and then joined the U. S. Department of Agri- 
culture. He was first: assigned to the State of Georgia for one 
year, to Kentucky for one year, and to Ohio from 1937 to 1943. 
He then returned to Kentucky, as a joint employee of the Univer- 
sity and U.S.D. A. In 1947 he was given a leave of absence to 
head the soils and fertilizer work in Japan under the Supreme 
Command of the Allied Powers, with headquarters in Tokyo. Soon 
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after his return from this assignment, in 1947, he moved to 
Knoxville, Ky., to work with the Regional Soil Correlation staff. 
He is now principal soil correlator, Southern States, Soil Survey, 
S.C.S., U.S.D.A., in charge of the soiL correlation work in the 
southern region. 

He is a long-time member of the American Society of Agronomy 
and Soil Science Society of America, and was chairman of Division 
V in 1952. 

FREDERICK G. MERKLE 

F redbrick; G. MERKLE was born at Detroit, Mich., in 1892. 
He received the B.S. and M.S. degrees from Massachusetts 
State College in 1914 and 1917, and the Ph.D, in soils from 
Cornell University in 1933. He was on the staff of Massachusetts 
College of Agriculture from 1915 to 1920, and on the staff of 
Pennsylvania vState Universitj^ from that time on, receiving the 
title of professor of soil technology in 1932. 

His main hekls of activity have been soil chemistry, fertilizers 
and their use, base exchange, soil management,: and soil conser- 
vation, He has taught gi:adiiate and undergraduate courses In soils 
at Pennsylvania State IJniversity for 30 years. Dr, Merkle has 
published many papers in A,qrommy Jom'nd and tlie So'd Science 
Society of America Proceedings, He was chairman of Division IV— 
Soil Fertility, Fertilizers and Plant Nutrition— -in 1952, and has 
served on many Society committees. He was president of the 
Northeastern Branch of the Society in 1946. 


GERALD O. MOTT 

G erald O. molt, professor of agronomy at Purdue Univer- 
sity, was born at Hastings, Nebr., in 1912. 

He retxdved the B.S. degr^^^^ from the University of 
Nebraska in 1934, and from 1934 to 1956 he served as a junior 
agronomivSt with the Soil Conservation Service in Texas and Okla- 
homa. In 195^ he enroiied in the graduate school at Cornell Uni- 
versity, obtaining the Ph.D. degree in 1940. 

Since joining the Purdue agronomy staff in 1940, Dr. Mott has 
been a leader in pasture teaching and research. He is recognized 
as one of the outstanding pasture research men in the United 
States, He is now leader of a regional project on methods of evalu- 
ating pastures. 

He is president of the Crop Science Society of America and 
has presented numerous papers at American Society of Agronomy 
meetings, ; He ha.s been chairman of the Crop Production and Man- 
agernent and the Turfgrass divisions of the Society. 

■ ROYSE ,E' MURPHY ' 

R OYSE P, MURPFIY was horn In Norton, Kims., in 1914. 
..He received his B.S- degree frtmi Kansas State College in 
1936, the M,S. degree in 193B, and the Ph.D. in 1 941 from 
the University of Minne.sota. He wais as.si.stant professor of plant 
genetics at the Liniversity of Minnesota for a year after receiving 
his degree, then went to Montana State College for 4 yeans a.s 
associate professor of agronojny. Much of that time he was on 
leave, first on the Guayule Rubber Re.search Project, then as 
Ensign and Lieutenant, U.S.N.R. 

In 1946 he went to the department of plant breeding at Cornell 
University, was advanced to professor in 1948, and became head 
of the department in 1953. 



Dr, Murpliy’s major field is the breeding of forage crops, par- 
ticularly alfalfa, timothy, orchardgrass, and smooth bromegrass. 
although his first work was with corn. He has been active in the 
affairs'of the Society, serving on several committees, and was chair- 
man of the Division of Breeding, Genetics, aiui Cytology in 1951. 


EIOWARD B. MUSSER ■ 

H oward B. MLISSER was bom at \¥illiam.sport, Pa„ in 
1893, He received the A.B. degree from Bucknell University 
in 1914 and the B.S. degree in agronomy from Pennsylvania 
State University in 1917. From 1918 to 1923 he was in the Bureau 
of Agricultural Economics, II.S.D.A. In 1923 he joined the depart- 
ment of agronomy of Pennsylvania State University, first in exten- 
sion, soon in research on the production of turf and the breeding 
of turfgrasses, receiving the title professor of agronomy in 1937. 
From 1942-45 he was Jn the U. S. Air Force, retiring as Lieu- 
tenant-Colonel, His work concerned turfgrass production for the 
control of dust and wind ero.sion on the many U. S, Air Force 
installations in the United States. 

He i.s responsible for tire is<:;>lation and intnKliictirm oi l^emilawn 
creeping red fescue, Pennlu creeping bentgrass. a vegetative str.iin. 
and Penncro.s.s creeping bentgrass, a syothttic seed strahi. He is 
one of the leaders in turfgrass research^ in^ the Ifiited Shuts and 
is author of the well known textbook, "Turf Management He has 
piorieemi numy advam:es in tin 

He was chairman of the Turfgrass 'Di vision of tljc Ameriian 
Society of Agronomy in 1952. has been a member of its cour 
mittees, and has pre.sented many papers i»n Society programs. 

/WERNER L. NliiSON 

W ERNER NELSON was born af SheJfieId..' !ll., in 1914. 
1-Ie received his B.S. degree fri>tn the ■Um\'ersit,y of Illinois 
in 1:937, the 'M.S. degree in . .soil chcmi.srry frofrj the* same 
institution in 1938, and the Ph.D. degree m soil pin sics from 
Ohio State University in 1940. He taught soils tale year ,U the 
University of Idaho before joining the staff of the North C.utdina 
Agricultural Experiment Station in 1941, Since that time lie has 
worked in various phases of soils research and teaching, becoming 
professor of agronomy in 1947. 

He has studied fertilmu’ and lime requireuKmts^ fertilizer place- 
ment, rotation effects, and plant row spacing. He has also taken 
an active part in the use of radioactive phosphorus as a tr.uetr in 
fertilizer research. In 1949 he became director of the soil testitig 
division of the North Carolina Department of Agriculture. Sioce 
1951 he was in charge of .soil fertility research. Nortl? f’aro- 
lina State College. Dr. Nelson was appointed ri)idw< sl jn.mager. 
American Pota.sh Institute, Lafayette, Indiana, in C){,iober. f. 
Dr. Nelson is chairnum td Division IV'~-St>il leriility, I'Vrttli.wrs, 
and Plant Nutrition— of the Stdl Sviemc Socuty of Anwrica,. He 
has been a tnember of a number of national couHoittees iim. btding 
chairman of the Cdmutiiffee on Fertilizers and (‘diairman tla: 
National Soil Test Work Gr(.mp. He was cliainnan of Divisjoti IX 
at the International Soil Siieme Stuiety Aleetings in Ditldin. Ire- 
land, ill 1952. 

■ g' ; . ' ' ^ JOHN m:poehlman' , 

lOHN M. POEHLMAN was born near Macem. Mo.,, in 19i0. 
J He receded the B.S. degree in 1931, and the Ph.D, degree in 
plant physiology in 1936 from the University t>f Missoiiri. Since 
then he has been on the staff of the University id’ Missouri, heccuiv 
ing professor of field crops in 1950. He wa.s granted leave of 
absence 1943-44 to .serve as associate agronomist, Division of 
Rubber Plant Investigations, located at Belle Glade, Fla, 

Dr. Poehlinan is widely known for his success in breeding im- 
proved varieties of small grain crop.s. Mi.ssouri 0-205 oats and 
B-400, barley* both widely known, are products of his skill in 
plant breeding. Winter barley in Missouri recently increased to 
500,000 acres and it is estimated that 85% is Bkloo. Missouri 
0-205, oats are ret:ommended and grown in 1,2 states, tKXupying 
a huge acreage. 

He is author or joint author of 30 publications dealing with 
the production and breeding of small grains. His broad knowl- 
edge of this field qualifies him to serve as a iuember of the 

National Oat Council and of ' 

mittee on oats and wheat. 
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In 1930 Dr. Poehiman was granted 2-months leave of absence 
to study plant breeding methods in France, Belgium, Holland, 
Denmark, Sweden, and England. During his European tour he 
a]'>pea.rfc:d on the program iit the International Botanical Congress 
in Stockholm,' Sweden. ' 

Dr Poehiman has been a member of the American Society of 
Agronomy since 1934, regularly attending and participating m the 
prograsn k annuai meetings. 

Dr PoeldiiKUi has ahvavs been deeply interested in teaching and 
Students. Since ioining the staff in 1936, he has taught cjr assisted 
so most of the courses offered in his department He helped 
organise the Agrontuny Club for students interested m crops and 
soils, :tnd served as ah advisor to it until recently. 

STERUNG J, RICHARDS 

S ’lTK! INC L RICHARDS was born at Fielding, Utah, m 1909* 

He rca-ivO tlic- H.S. degree in soil physics at Utah Agncul- 
turai College in 1933 , and the Ph.D. degree at Cornell Urn- 

versitv in 1938. • c' 

He' then event to the New Jersey Agricultural Experiment Sta- 
tion, where he stayed until 1948, with time out duting_ 1942 to 
1943 as associate physicist .md physicist in the engineering labo- 
ratories of the Signal Corps. U. S. War Departaent In 1948 he 
joined the staff of the Citrus Experiment Station, Umveisityo 
California at Riverside, where he is now vice chaiiman of the 
department of irrigation and soils, and associate irrigation engi 
He has published a considerable number of articles 
lAru,l and the SmI Sde»ce Soa^v of f 

contributed a chapter to the A S.A. monograph S"d P'lysica 

Conditions and Plant Growth”. He has 9^,^^^‘tVbe™ 

kits rcmil udv thmuglKHit his professional career, and has been 
:"t;Late tlitor Ilf the SSSA ProceoMms for the past three years, 

■ revkwiog its papers on .sm! /physieN. 

. ROBERT RC ROBINSON ' 

R fiiiURT R ROBINSON wuis born near Point Marion, Pa., in 
nl He a vilTfe Univer.sity of West Virginia, obtaim 
^1999. 1931 and the Ph.D. degree in 1936. 

on the staff of the Division of F“age Grops^and Diseases in ^ 
tigations on the fcttiliiiation and management of p^tarw in 

Vir«^inri In 1937 he w^as transterred to the U.N. Regio i 

ISareh Labmatory at State College, Pa., and has served there 

''“S. Robinson has been fttiadarly concerned xvitlv^ 
tions of the interrelations of sod moistui^ soil 
ture management in grassland. m}pro\emcn . Itmitations of .sup- 
have showm some of the possibilities 

piemcntal irrigation of grassland.s m the r e affecting per- 
important contributions to our 

sistence of perennial legurnes. He has studied tne en 

!f t°he ifrdlSof ns L^i^^-iover. 

He has been a member of the American Society of 

rjell^naffeen Northeastern Branch 

of the Society. 


HAZEL L. SHANDS 

H azel L. SHANDS was bom in 1908 at Landrum, S.C. 
He received the B.S. degree in agriculture at CUnison Col- 
College in 1929, and the Ph.D. ^gree in plan‘ 
and plant pathology at the Unlyer.sity of Wisconsm m 
that time he has been engaged in cereal crop 

tion at the University of Wisconsin and is piesently professor o 

“®S“sh;nds has been concerned with the i®PXdbl?hTve 
the varieties for which he has been 

been and are widely grown in the North Central states, in 

made man; contributions to the technical ® mnent of 

and has jiuticipated actively in proinotion and development or 

cooperation wffth other w^orkers imd with mdus ij. ^ kefyinnins 
He has been a capable and effective te.acher of both beginning 

and advanced students. 

COIT A. SUNESON 

/"'OIT A. SUNESON was born at Mi/soula g^“fn 

1 .He obtained the B.S. degree from Montana State College in 
'^ 1938 and the M.S. degree from Kansas State College 1930. 
He ioined the U. S. Department of Agriculture staff as » 
laronomist in July 1930 and was stationed at the Lniversity o_ 

ssio“.U « H. p5.« S; 

versity of California and has continued theie to Uie present m 
Professor Suneson has had a productive career in the 5“^"“ 
well af praetke of plant breeding. He as 1 

nearly 80 publications which attest to his eder 

scientist He has also been very successful as a plant hieeoer. 

Wheat varieties which he had P“],®BUtt'^-irand 
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EDWARD H. TYNER 


E dward H. XYNERWas bom in Chicago 
1^7 W -received his B.S. ?.® 

versity of Nebraska in 1930 and _ his 
in soils at the University of Wisconsin in ^^3- and 1934 i^P ^ 
tively. He served as instructor in soils ®?, N.® <, n A 

Nebraska in 1934-35, as assistam soil dentist with 

iif « p»f s 

JrS posftion as^rofessor of soil fertility at the University of 

pl£t' n^’tdtiok" Ht4as'’pufcd'i^^^^^^ 
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of strip-mine spoil has aided in the quantitative understanding 
of the processes of soil formation. He has served for several years 
as an associate editor of SoH Sac/ety of Amerka Proceed- 

ings, 

GARTH W. VOLK 

G arth W. VOLK was bom in 1903 near Oconto Falls. Wis. 
He received the B.S. degree in 1934, the M.S. degree in 
1935 and the Ph.D. in 1936 from the University of Wiscon- 
sin with, a major in soil chemistry and minors in chemistry, min- 
eralogy, and plant physiology. 

After 4 years of university work, Dr, Volk worked for the 
United Fruit Co. in Central America as a soil diemi.st ami on 
land exploration from June 1928 to September 1933, when he 
returned to Wisconsin for graduate work. He was assistant pro- 
fessor of soils at Oklahoma Agricultural Exq^erlment Station and 
Oklahoma A. & M. College from July 1, 1936 to Feb. I, 1938. 


He then w’ent to the Alabama Agricultural Experiment Station, 
where he was rnade professor of soils in 1942. In 1944 Dr. Volk 
became associate soil chemist at the Ohio Agricultural Experiment 
Station and was appointed chairman of tlie department of agronomy 
at both the Ohio Agdcidtural Experiment Station and Ohio State 
University in 1947. 

Dr. Volk conducted research on soil porosity, water movement 
in soils, soil nitrogen, and analytical methods for SidI analysis at 
the Oklahoma Agricultural Experiment Station. He was in charge 
of all phosphorus research at the Alabama Agricultural Experi- 
ment Station for 6 years and specialli'.ed in work on potassiun'i 
and lime at the Ohio Agricultural Experiment Station. He taught 
practically all the usual elementary soils courses. 

He has been a member of the American Society of Agronomy 
and the Soil Science Society of America since 1936, He has pre- 
sented a number of papers at the Society meetings, lias served as 
chairman of the Soil Chemistry Division, and on many Society 
committees. He was pre.sident of the North Central I3ranch of the 
Society in 1953. 

CLARENCE M. WOODRUFF 

C larence M. WOODRLIFF was btim in Kansas City, Mo., in 
1910. He received the degrees B.S., M.A,, and Ph.D. from 
the University of Missouri in 1932, 1935, and 1953, respec- 
tively. From 1932 to 1938 he was employed by the S»41 Conser- 
vation Service at the Erosion HKperiment Station at Bethany. Mo. 
In 1938 he w'us appointed instnictor in soils at the Uniiersity of 
Mis.souri, and was appointed associate professor of stuls thcTe in 
1931. During tlie war years, 1942 16, he was ratlio engineer. 
U. S. Air Corp.s, 

He has been an actice meirjber of tlic Society for over 2i) years. 
He was chairman of the Division id Sii>ii Tt.clino!f>gy, has atteniied 
m()st rneetings, and taken part in the )■,^rogram,s. He has !wen a 
member of the editorial board coi niriittee of the Scoi Scootf Mal/y 
of Awerka Ptvceedifigs serving as an sisscidatewditor fV>r 3 years. 


TI?e Forty-Seventh Annual Meeting of the American 

Society of Agronomy 
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T he forty-.seventh annual meeting of the American Society of 
Agronomy was held Aug. 13-19 on the campus of tlie Uni- 
censity of California Colhge of Agriculture at Davis, Calif, 
The general business session was ailleti to order by Pres. G. G. 
Pohlman on Monday afternoon, Aug, 13, Following annual reports 
from the Society’s central office and from standing and special 
committees, H. R. Wcdlman, vice president for Agidcailtural Scienexy 
University of California, delivered an invitational address. ‘'Public- 
supported Research in Agriculture.” 

Pre.s. Pohlman delivered the annual presidentiaL address, “The 
Hills of Home," an historical survey of agriculture in tlie Appa- 
lachian area, at the annual banquet 3X%Inesday evening, Aug. 17. 
Winners of the student essay contest were announced by Henry 
Foth : the outstanding student chapter awurrd wa.s presented by 
R. M. Swenson to Duane SwartSv president of the University of 
Illinois Field and Furrow' Club; and the Society Fellow'ship elec- 
tions for 1955 were announced by G, J. Willard. 

The annual business meetings of the Soil Science vSociety of 
America and the Crop Science Society of America, and the Agro- 
nomic Education Division were held Tuesday, Aug. l6. More 
than 300 papers were presented at the meetings of the 13 divi- 
sions of the Societies. 

Special meetings held conjointly with the Societies were: Fer- 
tilizer Application Program; Western Alfalfa Improvement Con- 
ference; and Military Land Use and Management. 

1955 REPORT OF EXECUTIVE SECRETARY 

On Sept. 30, 1955, the total membership (all classes) stood at 
2,832 compared to 2,609 on Sept, 30 one year ago. This repre- 
sents an increase of 223 members, in the active membership class, 
since the number of associate and sustaining members showed a 
very slight decline (see table 1), 




In terms of active memher.s only, the tutaB were 2.5-12 on Sept. 
30 thi.s year compared to 2,31 4 on the sa.me date a year i-arher. 
This is an increase of very ch)Se to IOC, the laruest ixxurded in 
the recent Iiistory of the Scaiety. Also, for the (n\t tijne in the 
history of our .Society, rnir total rU' acfivt^ members has passed 
the 2,300 mark. 

This year, for the second time, our Socu t\ tinuliKted a special 
nienibefship drive during, May and June. 'This lampaign is prob- 
ably the main reason for the splendid increast' in Societ\ meniber- 
ship registered ' this year. A prize, consisting of a S5tt U. S. Treas- 
ury Bondwas offered to the active member in each Regional Branch 
who obtained the greatest number oi new membership applications 
between May 1 and Tune 30. We are pleased to report that all 
Regional Branches had a winner in this year\ contest. They are 
as follows: S. M. Raleigh, Northeast Brandu li. D, Foth, 
Southern Branch; F. T. Gardner. North-central Branch; and E. E. 
DanhiLson, Western Branch. The.se four rneiiibers liave earned 
a real vote of thanUs from the officers and members of the Ameri- 
can Society of Agronomy. 

At our Davis meetings, we presenttrd some figures on which 
states have shown the largest increases in membership during the 
12 months ended July 31, 1933. Among those states with 30 or 
more active members a year ago, Minnesota showed the top gain 
of 349r, Iowa gained 22.3%, and New' Yi>rk increased 20.3%. 
Among all states which gained 5 members or more, Idaho led 
the w'ay wdth a gain of 46%, Kentucky was second with 44%', 
and Utah was third with 4l%. 

We would like to congratulate the members in these six states 
for thtdr membership achievements, and also for shewing us what 
can be accomplished when our members get out and work for a 
stronger Society. 


I 
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i here are two new names on our list of sustaining members 
this year, the Middle West Soil Improvement Committee and the 
Smith Agricultural Chemical Co. We wish to welcome both of 
these fine organizations and to thank them for their splendid 
support. 

PUBLICATIONS 

All three of our periodical publications have made satisfactory 
gains in circulation since our report to you as of Sept, 50, 1954. 
The total paid circulation of Agronomy Journal rose from 2,797 
to 2,956 during the 12-month period. This net gain of 159, the 
largest recorded in recent years, represents an increase of 71 in 
member subscribers and an increase of 88 in non-member sub- 
scribers (see table 2). 

During the same period, the paid circulation of W'loafs New 

Crops & Soils was increased by 885 subscribers, reaching a new 
high level of 15,027 paid subscribers as of Sept. 30, 1955 (see 
table 3). During the 12-month period ending Sept. 30, 1955, our 
office sold 12,326 new' and renewal subscriptions for this 
publication. 

SSSA Proceedings likewise made good progress, going from 
1,840 paid subscriptions on Sept. 30, 1954, to 2,045 on the same 
date in 1955. This net gain of 205 included an increase of 147 
in member subscriptions and 58 in non-member subscribers (see 
table 4). 

All three of our periodical publications showed satisfactory 
financial progress during the fiscal year ended Sept. 30, 1955. 
Agronomy Journal had net earnings of |16,687 compared to 
.$17,090 one year ago. Soil Science Society Proceedings had net 
earnings of $3,255 compared to $4,085 during the same period 
1 year earlier. Whafs New in Crops & Soils show^ed a small loss 
of $845, compared to a loss of $1,497 one year ago. Thus, all 
three periodicals continue in goocl financial health. 

FINANCIAL PROGRESS 

A comprehensive report by the Budget and Finance Committee 
appears in this same issue of the Journal, so w-e w4il not be repe- 
titious. However, we wmuld like to point out that the net earnings 
of $23,815 for the 1954-55 fiscal year are almost identical to 
those of the previous fiscal year, \vhich show^ed $23,673. For the 
fiscal year just passed, net income after commissions totalled 
$150,910 with total expenses of $127,094. As of Sept. 30, 1955, 
the sum of $12,000 was transferred to earned surplus reserves of 
the American Society of Agronomy ($10,000) and the Soil Science 
Society of America ($2,000). On Sept. 30, 1955, the total assets 
of the American Society of Agronomy, including SSSA, stood at 
$144,026 and the net w^orth wars $64,814. Both of the.se figures 
represent substantial gain.s over those showm in the same cate- 
gories on September 30, 1954, 

LOOKING AHEAD 

At the 1955 annual meetings of the Society held at Davis, 
California, we reported the need for additional personnel at the 
Central Office here in Madison, since we have been short-handed 
both in the editorial and clerical departments. Since those meet- 
ings, the budget and finance cojiimittees and the Executive Com- 
mittee of the Board of Directors has authorized us to employ (1) 
an assistant editor for technical journals, who will also help in 
the publication of future volumes in the Monograph Series, and 
(2) an IBM clerk-typist trained in the operation of the Executive 
Model of this machine, wdio will also help in our membership 
work and in the production of the forthcoming ASA news bulletin. 
The addition of these two workers will not only solve some of 
our present problems in the Central Office, but wdll also enable 
us to take on the additional work load already assigned. 


One of our more urgent needs at the present time is additional 
space for storing back issues of the various publications. We 
have a total of approximately 1,800 square feet in oflfice space 
at the present time, and it would take approximately 600 square 
feet more to accommodate the large stock of back issues still 
being stored at the W. F. Humphrey Press in Geneva^ N* Y. 
There is no additional storage or office space _ in our building at 
the present time. If some should become available during 1956, 
w^e will seek authority from our Executive Committee to obtain 
it for Society use. 

The following paragraphs contain a few^ items that may tend 
to increase the strength and effectiveness of our Society's program 
in the years ahead. 

Many of our members feel that the number of papers presented 
at our annual meeting each year is much too large, making the 
convention resemble a 7- or S-ring circus. It is our suggestion 
that more of the papers dealing with local problems and those 
oTlimited interest be assigned to state and regional meetings rather 
than the national ASA meeting. 

In connection w4th Regional Branches, some members have sug- 
gested that there should be more of them not only to reduce the 
amount of travel required for attending them, but also to permit 


Table 2. — Paid circulation of Agronomy Journal on Sept. 30, 
1934 and Sept. 30, 1955. 


Date 

i 

Total 

circulation 

1 

Member 

subscribers 

Non- 

member 

subscribers 

Sept. 30, 1954 

2,79? 

1,489 

1,308 

Sept. 30, 1955„„„- - 

2,956 1 

1 , 560 

1,896 

Gain or loss - - - - - 

+159 

+•71 

+ 88 


Table 3. — Paid circulation of Whafs New in Crops S: Soils 
on Sept. 30, 1954 and Sept 30, 1955. 


Date j 

Paid 

circulation 

Total 

distribution 

Sept. 30, 1954-- 

14,142 

15,032 

Sept. 30, 1955 - - 

15,027 

16,213 



Gain or loss _ _ - 

T 885 

+ U181 



Table 4.— Paid circulation of SSSA Proceedings on Sept. 30, 
1954 and Sept. 30, 1955, 


Date 

Total 

i circulation 

Member 
; subscribers 

Non- 

member 

subscribers 

Sept. 30, 1954 _ - 

1,840 

1,242 

598 

Sept, 30, 1955--_„-_ 

2,045 

1,389 ^ 

656 

Gain or loss__.„ _ .. . . 

+205 

4-147 

’~~ + 5 8 . 


Table 1.— -Membership totals for ASA (including SSSA) on Sept. 30, 1954 and Sept 30, 1955. 



Active members 


Total 

memberships 
(all classes) 


Sustaining 

members 


Associate 

members 


-fl47 




MBHIHilipPiiM 


■HI 


Sept. 30, 1954, 
Sept. 30, 1955. 
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two meetings each year instead of one. Perhaps there should be 
a New England Branch, a Padik-Northwest Branch, an Inter- 
Mountain Branch, a Northern Plains Branch, and so on. 

The several State Sections that are atBliated with out* Society 
have grown veiy nicely and have demonstrated their usefulness. 
We hope that there will be more State Sections in the years ahead. 

We also like the idea of special meetings and top-ranking sym- 
posia every year. Several have been held in recent years, and 
virtually all of , them were unusually successful. 

The matter of additional publications and awards is being 
studied by appropriate committees of the Society, and wg are 
looking for some good recommendations from them in the near 
future. 

The staff of the Central OHice greatlj? appreciates the .support 
and encouragement gi%^en it by officers and members of the society 
during the past year. With continued help of this kind, , we feel 
sure that much progress can be made during the year ahead. — 
L. G. Monthey. 


ASSOCIATE EDITOR, WHATS NEW IN CROPS Si SOILS 

My report is concerned with the Editorial problems in publisli- 
ing fFte'.r Neu^ in Cmffs & So/is. There are of course many 
questions with which we are confronted in the central office at 
Madison. I am going to confine myself to two points which I 
believe should be emphasised at this meeting. Thpe are, first, the 
need for more editorial material wdth \vhich to fill each issue of 
the magaiiine, and second, the matter of reader intere.st. 

On the first point, the amount of material required, I want to 
give you some figures about the number of items which went into 
Volume V oi Whai^s Net[^ m Crops & This take.s in the 

nine issues published in the last year: October 1954 through 
August-September 1955. The 9 issues in this volume contained 
58 feature stories. These are the articles which .rec|uirec{ one or 
more pages of space in the magazine. Volume 7 included 812 
separate news items. It contained 302 photographs. There were 
also 144 advertisements. 

I go into this simply to indicate the size of the job in pubiish- 
ing Craps & Soils, Hhh is a cooperative effort. As your employees, 
we could not begin to clo this job alone and without your help. 
The magazine is what it is because many of you are putting in 
time and effort in getting information to iis, and in keeping us 
informed at all times on what is transpiring agronomy-wise 
throughout the country. It takes a large flow of material to keep 
the magazine coming out regularly. We are dependent upon you 
who are getting that material to us for proce.ssing and for incor- 
poration into the magazine. 

The infonimtion which is published and w hi cl i represents the 
Society when Urupx 6- SwA goes into a reader's home comes from 
those of you who are willing to write. If you do not ^vrite and 
if you do not .send us items, we cannot publish those items in 
Crops & Soils, Thi.s means that much good agronomic Information 
may go unreported. I would like to urge that thtjse of you who 
haven’t been contributing to Crops & Soils consider that possibil- 
ity. The wider the contributing ba.se from which w’e can efraw for 
editorial material, the better the magazine, and in turn the better 
the job it can clo for the Society and for you a.s a jnember. 

The second point concerns an editorial problem. This is a thing 
with which every going magazine mu.st contend. Crops & Soils 
is no exception, and it .seems w'C are up against this matter in 
one form or another at all time.s. The problem i.s one of keeping 
readers interested. Crops & Soils has more subscribers than ever 
before, some 15,000 at the present time. These people niu.st be 
kept happy every month. If they aren’t kept happy, they don’t 
renew their subscriptions. There is ver>^ little chance of getting 
them back, once they are lost. 

Mr. C. J. Levj'ANDOwski, our circulation manager, summarizes 
the renewal percentage every month. These renewals are an index 
to the interest the magazine holds for sub.scrihers. We are much 
concerned about this matter of reader interest at all times. The 
need for emphasis on reader interest is sojuetimes hard to, explain 
to those of you who write for Crops & Soils, It is the reason we 
place so much emphasis upon short sentences, on short words, 
on simple concepts, and on. devices which add color to your 
articles. It is the reason we spend a considerable amount of time 
in working over many of the articles which come to us. I want 
to express the hope that those of you who have done and are 
doing so much in contributing to drops Soils will be patient 



with us when we use a heavy editorial^ hand on your articles. Hie 

reader of a magazine is a stern disciplinarian. ^ 

These two problems which I have mentioned are troublesome ^ 

only as they stand in the way of a better magazine. .Alt of us, 
whether contributors or editors, need to give some thought to 
them. Crops & Soils is coming along successfully. Contitmed efiort 
to get more thorough coverage of agronomic information sources 
and putting more stress on reader interest will make tlie magazine 
an increasingly valuable and indispensable servant of the Society, 

KfAUR'iCE R. Haag 


MANAGING -EDITOR— AGRONOMY JOURNAL 

.'This report covers recent /1,^'rovfovy /everva/ operaticais, wliicii 
are essentially the same as those for the previtnis report^ period. 
In the past 12-month period, the Jo nr ml received 139 full length 
articles and 27 notes. Thus fan this calendar 'year (January ' I to 
August 15), we have published 87 articles and 21 notes. And 
manuscripts received to date this year tertai H7 full lengtli articles 
and 19 notes. This is running slightly befiind last year, .mJ the 
interval between receipt and publication k more or ft^ss stabilized 
at 5 niontlis. Earh'er this year a few artides were pub! is! aid. only 
3 months after we received tliem, and 1 was publishrti 12 ’mtmths 
after ■ receipt showing how the time lag is infloeme-d Bk: speed 
of review and revision as well as bv the numbta’ of iuanuo ripts 
received. 

A divisional breakdown tff tlie 87 articles publishcil tlii'ough 
August this year is as follows: 

Genetics and Cytology. 23; Physiolctgy and Uoliigy, 00; Crop 
Production, 21: Seed Production, Weeds and Weed fVnif.retl, 1; 
unclassified soils papers. 10; agroniunic ediaatioiu 4. This is not a 
dear picture since it is not broken down veitic.dly by spet ific .subject 
iimtter. We iikso published 4 imitationai paprrs, 3 varietal rtafis- 
trations, and the Soil Scuaue SoLiety fertilizer sub-corrmuttu; li-poit 
on 'Changing fertilizer guarantees frtnu tlie oxitle to tlie «4rmenta.l' 
basis.' , 

There is a slight increase an cr last war m tiie nuujher of soils 
papers. The still small number published is cuunterKiLifued with 
respect to the Society’s over-all interests by the 12*'^ artides pub- 
lished in Soil Science SocieSy of A?ncricj Prvuvt J/wgu 

The review ii\^ procedure was sewrely criticized in 

2 instances, this year, one for alleged inadequacy, the other tor 
captious critid.sm. Since there was probably Siarie justifkation for 
it in each case, 1 am sure that the crititism merely dc-monkt rates 
practical and Irimian limitatkms of the ]^^iirKyr> reviewiiig pro- 
cedure. With that, I again presume to speak for the luembu'ship 
in thanking the associate editors and rwieweis lor their iiidiS" 
pensable and invaluable work. 

Late this year tir early in 1956, we evpeit to issue a iHanual 
for contributors to the Jonrnjl and /Vocs ivZ/vyo As a coinprelK'D' 
sive revision of the booklet issued by Mr. Lucketi in 19 is, it 
\vill include instructions for preparing iharts, graphs, photograplis, 
and tablets, a formula for estimating the length of an article, and 
other suggestions which, we hr>pe, svil! iielp us all. W’e are pn*- 
paring it for our ajwn good as suiich as for your help, aiu! hope 
that it will help enhance the typographical and editorial quality 
of the Jomohtl as well as the quality of the Jom'ml contents. When 
it is ready for free distribution, we will publish a notice in the 
Jour Hid and Proceed in sis. 

Donaib H. Gregg-. 


: , . . budget: AND TINANGE 

The Budget and Finance Conitnittee of the American Society 
of Agronomy held a joint meeting with the S.S.S.A. B.&F7 Com- 
mittee in Madison on Oct, 28 and 29, 1955. 

At this meeting, financial statements for the 1954-55 fiscal year 
were studied, and a proposed budget for the 1955-56 fiscal year 
was prepared for the consideration of the A.S. A. Board of 
Directors, 

Financial reports of the Society fur the 1954-55 fiscal year 
reflect satisfactory progress, with net earnings, comparable to those 
achieved in the two preceding fiscal years. As evidence of this 
progress during the past fiscal year, w*e present the following 
three reports: 
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Table 1. Statement of Assets and Liabilities of the American 
Society of Agronomy (including S,S,S,A.) as of Sept. 30, 
1955. ,, 

Table 2. Summaiy of Changes of Net Worth by Project, Sept. 
30, 1955. 

Table .3. Condensed Statement of Assets and Liabilities by 
Project, Sept. 30, 1955. 

It can be pointed out that the actual expenses for the 1954-55 
fiscal year closely approximate the budget estimates for that year, 
•except in the case of convention expenses for the 1954 and 1955 
annual meetings, both of which took place in the Escal year end- 
ing Sept. 30, 1955. Further, it is gratifying to note that A.S.A. 
income (for all projects) exceeded budget estimates by approxi- 
mately $12,000. 

Continuing the practice of recent years, the Budget and Finance 
Committees recommend that at least $10,000 of A.S.A. earnings 
be transferred to the A.S.A. Earned Surplus Reserve Fund as of 
Sept. 30, 1955, and further, that this amount be invested in sav- 
ings and loan association stock. It is also recommended that $2,000 
of the Soil Science earnings for 1954-55 fiscal year be trans- 
ferred to S.S.S.A. Earned Surplus Reserve Fund and be invested 
in a similar manner. 

As of Sept. 30, 1955, the total A.S.A. Earned Surplus Re.serve 
Fund invested in II. S. Treasury Bonds, savings and loan asso- 
ciations, and bank saving certificates totaled $42,000, excluding the 
$10,000 increment recommended above. On the same date, total 
S.S.S.A. Earned Surplus Reseiwe funds invested totaled slightly 
•over $10,000, excluding the additional $2,000 referred to above. 

The joint meeting of the A.S.A. and S.S.S.A. Budget and 
Finance Committees reaffirms the importance of continuing to 
build an earned surplus reserve in both A.S.A. and S.S.S.A. until 
an adequate fund is established. In the opinion of these com- 
mittees, the total is still far short of that necessary to guarantee 
the financial stability of these organizations. 

During the 1954-55 fiscal year, the A.S.A. Endowment Fund 
was increased by $5,800 through the sale of 58 sustaining mem- 
berships. This fund now totals $18,994 (as of Sept. 30, 1955). 

The satisfactory financial situation reflected in the past year’s 
operation is due largely to increased sales of subscriptions, adver- 
tising space, memberships and miscellaneous services. The increased 
sales were largest in the case of individuals and institutions not 
classed as members of the societies. 

The situation regarding What's New in Crops & Soils continues 
to be encouraging. The deficit of $845 incurred in the past fiscal 
year is the smallest since this educational magazine w^as launched. 
It continues to carry a substantial p>ercentage of the overhead and 
general service costs incurred by the central office. 
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Table L— American Society of Agronomy (including SSSA) 
statement of assets and liabilities Sept. 30, 1955. 

Assets 

Cash"“First National — ^-$24,599.49 

Cash—Randall State Bank — 60,628. 42 
Savings account. 1 , 090 . 93 

Petty cash - 50.00 


Total cash items......... $ 86,368.84 

Bank Savings Certificates. 9 , OOO . 00 

U. S. Savings Bonds — Series J. 32,848,00 
Shares — Savings & Loan Associations. 10,175.37 


Total investment items.... _ . . _ ....... . . . _ . . . . 52,023 . 37 

Postage inventory — meter . „ . . . . . . . . - - - . 307 . 68 

Postage deposit— second class . . _ ... . . 399 . 80 

Advances^ — Agronomy Career Circular _ . _ . . „ . . . 334 . 62 

Accounts receivable ^ : — 4 , 592 . 00 


Total assets. - — — $144,026.31 


Liabilities 

Accounts payable. 546 . 27 

Withholding tax payable. 403 .46 

Social security reserve (P.I.e. A.) 86.24 

ISSS— -Dues collections. 37 . 00 

Emil Truog Award account. ... 2 ,287 . 66 

Deferred subscriptions — . ... 31 , 579 . 91 

Earned surplus reserve — ASA. 34 , 000 . 00 

Earned surplus reserve — SSSA 10 , 271 . 63 


Total liabilities.... — -... $ 79,212.17 

Net Worth 

SSSA— Division 1,200.00 

Soil Science Society of America-. 19,753.26 

American Society of Agronomy..--.. 24,866.88 
Endowment Fund— ASA-. 18,994,00 


Total net worth . . - - — . . . . . ...... — - ~ ~ 64 , 814 . 14 

Total liabilities and net worth. . . $144 , 026 . 31 


The proposed budget for the current fiscal year ( 1955-56) is, we 
believe, realistic in expense estimates and conservative in the 
estimate of anticipated income. This budget, which will be rec- 
ommended to the Board of Directors for their further action, is 
presented herewith. 



PROPOSED BUDGET FOR AMERICAN SOCIETY OF AGRONOMY j 

(and Soil Science Society of America), 1955““56. ^ 


Schedule A. Estimated total income and expense, Oct. 1, 1955 to Sept. 30, 1956, inclusive: 



Source of Income 


Subscriptions, members' . - - - . - _ . . . . . . . _ _ - . 

Subscriptions, general- - - - - ----- — _ - . .. . . . ^ „ - . . „ . „ 

Sales: single copies and back issues. - - 

Sales: reprints— - - _ 

Sales: advertising space _ - „ _ „ . 

Membership dues. . „ _ . . . - . _ ^ 

Investment income - .... _ „ _ . - . — - ----- _ . . . . ^ - 

Miscellaneous items. . - . . . . . _ . . . _ _ j . ... - _ 

Total Estimated Income. 

Less; Commissions payable 

ESTIMATED 1955-56 INCOME 

Less; Estimated Expenses 

Profit or Loss, 1955-56 

Less; Earmarked for Reserve and Pension Fund 

NET EARNINGS (estimate)..-. 


Total 


$ 26,000.00 

68.500.00 

2.400.00 

9.500.00 

20 . 200.00 
15,500.00 
1,000.00 

2.400.00 


$145,500.00 

4,000.00 


$141,500.00 

130,070.00 


$ 11,430.00 

10,000.00 


SSSA 

Proceedings 


$11,000,00 

9,000.00 

1,200.00 

3,500.00 

700.00 


$25,500.00 

500.00 


$25,000.00 

24,724.00 


Crops & 
Soils 


Agronomy 

Journal 


^ 

37.000. 00 
300.00 

1,000.00 

16.000. 00 


$15,000.00 

22,500.00 

900.00 

6,000.00 

3,500.00 


2,000.00 


$56,300.00 

2,300.00 


$47,000.00 

1,200.00 


$54,000.00 

53,253.00 


$45,800.00 

31,357.50 


$14,442.50 

10,000.00 


$ 4,442.50 


Society 

Service 


15,500.00 

1,000.00 

' 200.00 


:$16,700.00 


$16,700.00 

20,735.50 


$(4,035.50)’*' 


$(4,035.50)’*' 
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Schedule B. Estimated breakdown of expenses, Oct. 1, 1955 to Sept. 30 , 1956, indu.sive: 


Nature of expense 

Total 

Crops & 
Soils 

Agronomy 

Journal 

SSSA 

Proceedings 

Society 

Membership 

Service 

Production: 

Engraving, mailing, postage, printing, paper, 
and supplies - ^ - - - 

$ 63. ‘3.50. 00 

$25,350.00 

$20,800.00 

$16,850.00 

$ 550.00 

Salaries, including clerical . .. ^ - 

13,544.50 

5 , 551 . 00 

4 , 177 . 50 

2.760.00 

1.0.56.00 

Distribution and promotion: 

Postage, printing, paper, supplies, circulation audit, 

and refunds - - - - .. - 

Salaries, including clerical. . . - .. . 

10.325.00 

15,986.50 

9.325.00 

6.706.00 

3,201,50 

2,138.00 

1,000.00 

3,941.00 

Administration and general services ; 

Office expense, supplies, rent, maintenance, insurance, 
and travel ~ - - - - - - ■■ - ^ 

10,900,00 ; 

3,500.00 

1,600.00 

1,600.00 

4,200.00 

Organizational membership in the Policy Committee 

for Agricultural Societies . - - 

Salaries, including clerical - 

300.00 
15,464.00 ; 

2.821,00 

1.578.50 

i 

■ 1.376.00 

300.00 

9,688.50 

TOTAL ESTIMATED EXPENSES^.. 

$130,070.00 

$53,253.00 

$31,357.50 ■ 

$24,724.00 

$20. 73.5.. 50 


( ) denote iriinus biila»€t% or excess nf expense in’er income. 


Table 2,^ — Summary of changes in net worth by project as of September 50, 1955. 
American Society of Agronomy and Soil Science Society of America 



Totals 

Crops 

Soils 

Agronomy 

Journal 

ASA 

Ser\dce 

ASA 

Endowment 

Fund 

SSSA 
Service & 
Proceedings 

SSSA, 
Division 
■ V 

Marbut 

Memorial 

Sept. 30, 1954"— Balance., „ 

$47,755.28 

$(11,459.15) 

$19,926.68 

$ 7,496.35 

$13,194.00 

$16,840.63 


$1,756.77 


Add 

Transfer from ASA — 

.246,38 

714.86 

5,800.00 

2.471.63 

6,686.73 

3.911.63 
1,363.59 
1,254.54 
1,411.71 





246.38 



19d 4 gain , .. 

Sales “Marbut books 






714 . 86 

Collections— 

Endowments Fund , , 
Transfer from Marbut 




5,800.00 






1,271.63 

1.200.00 


ivi emunai-. ,. - 

Net earnings- 
Agronomy Journal 

1954 Convention 

1955 Convention 

Proceedings 

SSSA Service . . . 


6 , 686 .73 


^ ... 

‘ 


3,911.63 

1.363.59 














^ 1,254.54 
1.411.71 















Sub totals. 

Deduct 

Net loss— A.S.A. Service 

71,616.35 

(1,967.39)1 

(845.18)1 

(2,471.63)1 

y (1,271. 63:) 

(246.38) 

(11,459.15) 

26,613.41 

12,771.57 

1 (1,967.39) 

i. ■ ■ ■ ■ ■ ^ 

18,994.00 

j ■ ■ . 

• 21,024.89'! 

1 ,200.0(,) 

[ 2.471.63 

(845.18) 

i ■ ' ■ ■ , ■ ' ' 


— — ^ 



Nfet iQsS'~*~’Crops and Soils _ i 
Transfer to SSSA accounts ; 
Transfer to Earned 

Surplus Reserve.. 

Transfer to SSSA — 

1954 gain.- - 




^ ■■■■ 1 


(2,471.63). 


;■ ' , ■ , ■ ' : . 1 



(1,271.63) 




1 (246,38) 










Totals — before 

consolidation 

Transfer— Crops and Soils 
deficit to Agronomy 
Journal _ . 

1 

64y:814.14 

■■y,.. -^(LOGy 

(12,304.33) 

12,304,33 

26,613.41 

(12.304.33) 

10,557.80 

18,994.00 

19.753.26 

; 1.200.00 i 

■ 1 
,1 

0.00 






Totals— after 

consolidation .. 

|$64,814.14 

$ 0.00 

$14,309.08 

$10,557.80 

$18,994.00 

$19,753.26 

$1,200.00 ' 

$ 0.00 
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MONOGRAPHS AND ADVANCES 

The committee is pleased to report that the hfth volume in the 
Monographs ^series was published in June. This is the long- 
awaited volume on ‘Corn and Corn Improvement/’ planned and 
edited by Dr. G. F. Sprague. It is the first monograph which 
deals in a comprehensive way with a single crop. This is to be 
followed, however, by a parallel volume on oats, arrangements 
for which have already been made. 

Two other volumes are committed. The manuscript of one, on 
“The Hardiness of Plants to their Environment,” by Dr. J. Levitt 
of the University of Missouri, is in the hands of the publisher 
and is scheduled to appear in the spring of 1956. The other, a 
co-operative treatment of the subject of drainage, prepared by a 
group of agronomists and agricultural engineers, under the editor- 
ship of Dr. J. N. Luthik. is actively in preparation. 

Each year in October there appears a volume of Advances in 
Agronomy. Volume YII, which is to be expected on schedule this 
fall, contains two contributions from overseas authors. It is clear 
that these volumes and those of the Monographs series are reach- 
ing our professional colleagues in other countries. Almost half the 
copies sold now go outside the U. S,, a fact which has to be 
recognhed in the selection of topics and authors. It should by a 
matter of gratification to the Society that these series, which origi- 
nally were planned primarily as a service to its members, are 

G. H. AtiLGREN R. W, Pearson 

G, W. Burton 11. W. Simonson 

J. E. Gieseking H. B. Sprague 

A. G. Norman, Chairman 

SPECIAL COMMITTEE TO STULLY FUTURE DIRFXTION 
General Background 

In 194B the Agronomy Society entered into a tentative agreement 
wdth the Academic Press., Inc,, of New York, N, Y,, to publish 
such monographs as may be prepared under sponsorship of the 
Society. A committee was appointed to determine the need for 
monographs, to make contacts with prospective authors amd to 
arrange for their publication. Since the beginning, Dr. A, G. Nor- 
man has served as chairman of the Monographs Committee and 
in addition has assumed the role of Editor^, working in liaison 
betw^^een the authors and the publisher. ^ 

LTp to the present time 5 volumes of the Monograph series 
have been published. Tentative arrangements have been made with 
authors for prepafation of t\vir additional vcdiimes. Prospects for 
future volumes appear good. 

At the meeting of the Society at Dallas in 1953 Dr. Norman 
expressed bis wish to be relieved of the editorial work involved 
in the production of the monographs. Dr. H. E. Myers, President, 
appointed a special committee to study the problem. The essential 
parts of thek report, approved in 1953., are summarized below. 

1. ^rhe Monograph .series .should be continued. 

2. An arrangement should be sought with the Academic Press 
to provide financial support for editorial services to be per- 
formed by the Society. 

3. The Society should explore the possibilities of ownership 
of the Monograph serie.s when its financial re.serves are 
adequate. 

4. The Monographs Committee should be continued to pro- 
vide guidance in the choice of topics for Monographic 
treatment ■ 

Analysis of the Present Problem 

Dr. Pohlman recognized the need for a review of the policies 
followed in the publication of the first five volumes in the Mono- 
graph Series. At the meeting of the Society in 1954, he appointed 
the present committee to make specific recommendations to be 
acted upon by the Board of Directors at the Society meeting in 
1955. 

After a study of this problem at a meeting in Madison, Wis., 
on July 1, 1955, the committee makes the following analysis of 
alternative courses of action: 

Aker native I.— No change in the present policy. 

The advantages of the present system are (1) no financial risk 
, ‘ . to the Society, (2) no added editorial work for the central editorial 
. staff, and (3) no promotion responsibilities for sales. But this 

iSiii 


alternative has many importaot disadvantages, including (1) ;m 
increasingly higher cost of nionDgraph.s (the cost of Volume 5 is 
$11.50) " (2) "no income to the society, (3) no royalty to the 
authors and, most important, (4) editorial services cannot easily 
be secured to replace those so well and whole-heartedly given 
by Dr. A. G. Norman. 

Committee RiHYjmmendatiopt,---''T\\e present arrangement witli 
Academic Pre.s.s be terminated with the publication of Volume 5. 
In making this recoinmendation we recognize that althoiigli tlie 
Society has received no direct financial return, it ivas received indi- 
rect benefits from the publication of the first five volumes. The 
series has become established and recognized as a publication 
sponsored by our Society. The subjects given monographic treat- 
ment have been vahiabkvadditions m agronomic literature. This 
has been accomplished without financial ri.sk to the Society. But 
from a long-range viewpoint, one of the alternative.s described 
below would provide a more clesirable policy than the one pursued 
in the pAst. 

Alternative ^.--Establish a relationship with a a>llege press— such 
as the Iowa State College Pre.ss — for publication of future 
Monographs, 

The above named Fres.s now pobiishes the Monograpli Series for 
the AnKaican Society of Plant Physiologists, 

The advantuge.s of this alternative are (1) no financial risk to 
the Society, (2) editorial seuwkes perfoniied by the Press, (3) 
cost of sales ptxiniotion as.sumed by publislier, (4) a 10% royalty 
paid to the Society, (5) member.s *>f tlie 'Society given a 2i:)9e cli.s- 
count on pre-publication purchases, and (6) list |sn'ce juay be 
somewhat lower than previovrs voiume.s with equal or better qual- 
ity as judged by (::ost.s of its publications. 

The disadvantages of this alternative inriude (1) authors receive 
no royalty, (if Society; receives royalty), (2) income to the Society 
is limited and determined solely by a fixed peiOTitage on sales, 
and (3) the discount to luembers would eliminace entirely the 
usual 40%-to,ASA on all copies sold mcardxu^s. . 

Alternative 5.— Estabiisb a relationship Aekli ■ a college press- 
such as the University of Wisconsin - h public ation of 

future Monographs. 

In this plan the Society woiiki provide editorial services, aid 
in promotion of sales and receive financial returns for its contri- 
butions to the production and sales efforts by sliaring 50-"50 in the 
net profits from each volume. 

The advantages of this alternative are (1) income to the Society 
could be higher than in Alternative 2— especially for highly sale- 
able volumes, (2) editorial services would be provkled by our 
own specialized staff, (3) members of the Society would !">€* given 
a discount price, and (4) cost t>f production would be lower 
because the Press staff is subsidized by the University of Wisctmsin. 

The disadvantages of this alternative are (1) the Society would 
need to expand its present editorial stall to liviUilli’ tlie added diiticrs, 
and (2) The Society rnust guarantee the ctest of prodiatuio. 
Alternative 4.- --‘The Society assume all cicsts us publisher, im hiding 
production, editing, sales promotion, and distribution. 

The advantages of this alternative are (1) probable mceaoe to 
the Society may be greater than alternutivc.s 2 or 3. (2) cost per 
volume to members should he lower because sales promotion 
costs would be less, (3) editorial service.s would be provided by 
our specialized staff, (4) added editorial staff (i man) would 
be^ available for other expanded Socktj^ programs leading to greater 
efficiency in assignment of personnel to specialized dutie.s such, 
for example, as an editor for Proceedings anil soils Monographs, 
and an editor for the Journal and crops Monographs, and (5) the 
purposes of the Society and the limitation of Federal Tax Laws 
could be more satisfactorily met by publication of scientific books 
than by accumulation of a large endowment or reserve fund. 

The disadvantages of this alternative are (1) greater financial 
risk to the vSociety and (2) present Society assets would he tied-up 
in inventory stock of unsold books rather than in securities. This 
could be an advantage when viewed on the basis of interest rate.s 
on inventory vs. securities. 

Committee Recommendations on Alternatives 2, 3 and 4 

It is the recommendation of this committee that the Board of 
Directors give first priority to Altermtive 4. tn reaching this deci- 
sion we have considered the recommendations made by the com- 
mittee report in 1953, the present financial reserves of the Society, 
the probable earnings from these reserves and the future needs 
for editorial services in the Society Headquarters. 
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A u>st atialysjs %y\ unvltrtakhi>i the production of the Monograph 
Series is in tablo |. based on the following conservative 

a'»nsi<itratiims: 

1, Sale price pel copy., ST.OO.' 

;i, vol ■ 

A. Saks per volt,!VH,~ ■ 2aic)0 copies, of which 1/5 will be sold 
the hrsf veai aovi l/i ctl the remainder in each of the 
next I tt-ars. 

•I. Cost »>f proiliicfion. 51.90 per copy including printing 
tletUapress). editing, nnaities (10%) to authors, over- 
head. mailing and shipping, storage, and sales promotion. 
I Based data college' presses). 

*5. I nventcn-y value. ■ 5-1.90 per copy. 


Table I.- Pr4^d«ction oists, inciime, and inventory values. 


- 

Prodiie- 

tiem 

eost 

Sales 

income 

Inven- Cash 
tory gain or 

value loss 

.First year 

Volume 6... . .. 

$9,800 

1 4.009 

$ 6,532 -$5,131 

BeeomI year' 

Volume Y... . 

$9,800 

$ 4,069 

$ 6,682 

Volume d- 


2.8SS 

4.900 

Total 

.$9,S00 

$ 7.002 

.$11,432 -$2,798 

Thirtl year 

Volinne8.: 

se.sofi 

$ 4,069 

$ 6,532 

Voluiru* 7 . 



■ 2:838 

4,900 

Voluim^ fi 

'■ 

, '2.333 

3,263 

Total 

$9.80(1 

$ 9, 3.55 

$14,695 -$ 465 

Fourth yt»ar 


, ■ ■ 


■ Volume S; 

IfO.BOO T 

; $ 4,609 

$6,532 

Volume' S' 

1 ■ ; 

! 2.333 

4,900 

Volume 7 . 

i. ; 

! 2.333 

3,263 

Volume 0 

!' - 

!' 2. .333 

i;637 

Total 

; $9,800 

1 $11,868 

$16,332 $ 868 

Fifth year 


I ■ ’ 


Volume iCF.,' 

j $9,800 ' 

! $ 4,069 ; 

$ 6,532 

Volume 9 . .. . 

1 : 

2,333 

4,900 

Volume <S .. 

! 

2.333 

3,263 

Volume 7_ .. . 


2,333 

1,637 

Volume 6 .. 

1 

2;333 

— — 

■ Total 

1 $9,SOO 

$14,001 

$16,332 $4,201 

Sixth vear / 

$9,800 ; 

$14,001 

$16,382 $4,201 


From the data given in table i it is apparent that financial gains 
la thcF SiKaety wcridd not be realised until the fourth year and 
that niuclr of our present cash reserves would be converted into 
inventories in the first three years. On the assumption that all 
books are sold, the earnings from inventories would be consid- 
erably greater tlian the present earnings from securities. ^ ^ 

The additional time of one extra member to the editorial statt 
could be more advantageously used if more than one vmiume coulci 
be produced annually, or if iidditional publications (^h ^be 
prtiposed Crop Variety Register or an Agronomy Handbook) were 
initiated. The Variety Register or Agronomy _ Handbook would be 
revised as needed and thus become a recurring puMication. 

Altermti^re llccow memijtion. — If the Board of Directors leels 
that the Society should not initiate the above plan at present the 
Committee recommends that Alternative 2 or 3 be followed. In 
either Alternative 2 or the Society and its member would be 
better served than by the procedure now followed. It is recog- 
nixed that in Alternative 5 we would essentially guarantee the cost 
of production, do much of the work, but only share m expected 

profits, ^ ^ 

R. J. Mur.KiiNHiHN b, G. Monthhy 

L J. Johnson, Chahman 

awards 1955 


ity and feasibility of developing an Award Program for recogniz- 
ing outstanding achievements made to agronomic science and 
practice, and (2) the general policies under which this program 
might be established. 

Some of the problems that have been raised relative to the 
granting of awards are as follows: 

1. The difficulty of selection of recipients on an equitable basis, 
especially in a society as large as ours, repre.senti.ng many special- 
ized areas of work. 

2. The undue publicity or recognition that may be received by 
the commercial concern or individual wdio provides the funds for 
the awards in comparison with the recognition received by others 
who contribute in other important ways to the Society’s program. 

3. The restriction sometimes placed by donors relative to the 
administration of the awards. 

In the past the Society has adininistered two grants for the spe- 
cific objective of providing awards to Society members. These were 
( 1 ) a grant from the Chilean Nitrate Soda Educational Bureau 
made in 1928 for Nitrogen Research Awards and (2) a grant 
from Dr. and Mrs, W. H. Stevenson in 1947 for the Stevenson 
Awards. 

At the present time, however, the Society makes no awards to 
individuals for outstanding contributions. 

In its study of this problem, the committee has had the bene- 
fit of examining correspondence by the Board of Directors, the 
Executive Secretary of the Society, and others. It has also studied 
the policies on awards of other scientific societies. It is the con- 
sidered judgment of this committee that the granting of a reason- 
able number of awards by the Society in recognition of outstand- 
ing achievement is desirable. It is believed that thi,s can be accom- 
plished equitably and without undue cost to the Society. The fol- 
lowing are the committee’s recommendations: 

1. That the Society establish a positive, continuing program of 
awards. One of the chief purposes of this program would be to 
recognize outstanding members of the Society who have made 
outstanding contributions in research, teaching and extension. 

These awards could be made for the time being from the earn- 
ing of . the ASA Re.serve Fund if they were limited to §150 each 
annually. 

2. That as soon as feasible, the Society establish an Awards 
Fund to which individuals, firms, associations, and other group.s 
could contribute for the support of the Society Awmrds Program, 

It is suggested that the minimum contribution to this fund be 
si500 and that the names of all contributors each year be listed in 
the Society program and in its official publications. 

It is the belief of this committee that the establishment of an 
Award Fund should not and would not compete with or jeopardize 
the sustaining membership program of the Society, 

3. That it be the policy of the Society not to accept grants for 

the recognition of a particular individual, for establishing gradu- 
ate fellowships and assistantships, nor in support of specific 
research. It is believed that such grants and recognitions can best 
be made as at present through the land-grant colleges and other 
research and teaching institutions. ; ^ 

4. If the Society moves forxvard on a positive, continuing pro- 
gram, the Committee suggests that a detailed statement of prin- 
ciples and procedures be prepared for the administration of the 
Awards Program. 

In the preparation of this statement of policy and procedure, 
careful studies should be made of the procedures developed by 
other scientific .societies, particularly with respect to the proce- 
dures used in the selection of recipients.^ It is believed that a 
system of canvassing and of making nominations similar to that 
established by the American Chemical Society would insure a high 
degree of discrimination in the selection of recipients, one of 
the most important factors in the success of an Awards program. 

B. R, Bkrtiiamson H. H. Kramer. 

L, A. Dean A. O. Kuhn 

W. H. PiFaiRE, 

PUBLICATION NEEDS 

The committee was unable to meet during the year but opinions, 
regarding publication problems and needed changes were exchanged 
by correspondence. In addition, the committee had available com- 
ments from several other society members and officers. Many diver- 
gent viewpoints have been expressed. These are summarized as 
follows: 




1. Make no changes at least at the present time, 

2. E-stablish a new journal for publication of technical crops 
papers (to be called Proceedings of Crop Science Divisions, Jour- 
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mil of Crop Science or other suitable name). In this case the 
Agronomy JomiJdl would remain the official society organ and 
won id contain papers of genera l interest and those that are on the 
borderline between technical crop.s and technical soils. The 5S5/1 
Proceedings would continue to carry the technical soils papers. ^ 

Similar to this is the suggestion of establishing a publication 
series, identical in format, such as is now found in the Canadian 
Journal of Research. 

3. Establish a Plant Breeding Journal. All other crops papers, 
papers of general interest, and combination crops-soils papers 
would continue to be carried in Agronomy Journal \Ndrich would 
remain the official organ of the ASA. 

4. Make iht Agronomy Journal the official organ of the Crop 
Science Divi.sions and restrict it.s use to publication of crops 
papers. To serve as official organ of ASA, carrying news and items 
-of official nature, a new' bulletin, similar to the AIBS bulletin, 
would be establislied. It has been suggested that such a bulletin 
might also carry abstracts of papers presented at national, regional 
and local meetings, 

5. Have one publication, divided into three sections of four 

issues each. One set of four issues would carry soils papers, 
another crops papers, and the third general and intermediate 
papers. _ . ’ ■ 

In attempting to evaluate these alternative propo.sals. certain 
information is pertinent. A number of people have suggested that 
Agronomy Journal has become almost exclusively a crops Journal 
and that almost all papers in it deal with crop breeding. To pro- 
vide some tangible evidence, the types of papers carried in 1949, 
19$(), 1953 and 1954 have been summarizecL 

Percent of papens of various kinds carried in the Agronomy 
Journal in 1949 v 1950, 15)53 and 


Papers 

1949 

1950 

1953 

1954 

Crop Breeding. . - 

43 i 

36 

40 

49 

•Other Crops .. . .. . .. . . _ „ .. . . 

34 

29 

29 

31 

Genera! and Intermediate .. .. 

12 

12 

12 ^ 

14 

Boils.,'....-- ■-.--2-.. ■ 

^ 11 

23 

18 

6 


No doubt others \voiild not agree with the classification of some 
of the papers. Nevertheless, the .summary is believed to present a 
fairly good picture. Finst, a majority of the papers deal -with crops 
and there has not been a marked change in percentage during the 
four years sainpled. Second, less than half of the papers deal with 
crop breeding. Third, the percent of soils papers in 1954 is low, 
butj considering the fhictuation in the other three years, it might 
be umvi.se to camel ude from these data that there is a definite 
tiemd away from soils papers. If there is a trend away fronp soils 
papers in the Journal, it is certainly not the result of deliberate 
editorial policy. 

With regard to number of subscriptions ami net earnings, the 
publications of the society are no \v in a sound position. For the 
year ending Sept. 30, 1954, there were 2,797 .subscriptions to 
Agronomy Journal and net earnings (i.e, excess of income over 
•e.xpenses) were 117*090.38. For the SSSA PriMredings tliere were 
1,840 subscri|?tkms and 14*085.62 net earnings. 

There was on hand Jot the Agrommy Jo/mMp-i^^^ the end of the 
year 1954 (see Jour ml 46, p. 590) a six months supply 

of manuscripts. This number dc:»es not seeni to be excessive. A 
journal must have some backlog to insure meeting of the publi- 
cation deadlines. H. E. Myers (letter of March 12) points out 
that there is an excess of soils papers that will require enlarge- 
ment of the SSSA Proceedings if all are to be published there. 

Judging from this, there would appear to be few available 
papers that are not now^ being carried by Agronomy Jour ml or 
555H Proceedings. Agronomy Journal is the primary medium in 
this country at present for publication of crops papers, including 
those on crop breeding and excepting those published in the If'ett/ 
Journal and Journal of Range Atanagement. Establishment of a 
^Cri?p Science Journal would likely not cause juuny more crop.s 
papers to be submitted to Society publications. We would seem, 
therefore* to have to deal at present with the technical paper.s 
now being published in Agronomy Journal and 6’55ri Procet'dJngs, 

From the viewpoints expres.sed by various committee members, 
it is apparent that the most prev'alent sentiment* but by no means 
.a unanimous opinion, was in favor of the first alternative, i.e.* that 
no change in publication procedure be made at this time. Reasons 
ior maintaining status quo are as follows: 


(1) Publications of the Society are now in a sound financial 
condition and are carrying most or all of tlie acceptable papers 
.submitted by members for publication. So far as can be determined, 
manuscripts have not been rejected because of excess publication 
load. Notliing should be done that would jeopardize tlie iinanciai 
condition of the present publications. 

(2) The Agronomy Journal is an old and widely known joiu'- 
nal. It would he de.sirable. if at all possible, to retain it as a 
•Strong medium for scientific publication. 

(3) Establishment of a Crops Science Journal in addition to 

the Agronomy Journal and Proceedings would furtlier di\ide tlie 
membership and reduce the number of subscriptions, thus perhaps 
ieopardizing the financial position of Journal while 

not providing a sound basis, subscription-wise, for the new crops 
journal. 

(4) There are not enough papers to supply tliree technical 
journals unless additional papers will be attracted by the revised 
publication setup. 

(5) There may in fact be a trend toward the Agronomy journal 

becoming purely a crops publication so far as technical papers 
are concerned. As one man pointed out, we may in a few years 
have a crops journal, de facto, it we don't try too hard now to 
solve the problems. When that occurs, it may be desirable for 
the Society to consider whether the Journal (as such 

or under a new name) should be continued as its oificial otgan or 
whether a neu' publication (such as the AIBS bullerin. for ex- 
ample) is needed. 

(6) W'hat has been said rc^garding problems cre.iita] by estab- 
lishment of a Crop Science Journal applies even rmue strongly 
to establishment of a Plant Breeding' JournaL Less tfiar^ lialf of 
the papers in Agronomy^ Jotirnai are on plant bixsoling. 'Lhere 
would not he enough plant bret-ding pa|>i:rs for a gotsvi irnnna! 
unless a substantial number of papers could be dr.iwn from other 
sources. Furthermore, member subscription woulil likely be lisoites! 
almost entirely to the plant breevlers. 

Those wlio favair a change ahuig tlie I inccf if o nice cd’ tlie sevtrral 
alternatives point out the following; 

(1) There is an increasing trend toward specialization in re- 
.search and toward increasing sepannitm of the Society into divi- 
sions and, perhaps, into two societies. Our publication program, 
bicsed as it is on earlier concepts of organization of the A.SA, 
should be brought up to date in confomiity with the growtir of 
the Society'. 

(2) It is not very logical for the official organ of the ASA to 
carry only- or Jargely technical papers from one segment . of the 
mtaiffiership of the Society. 

(3) A member of the SSSA, \vho evishes to subscribe to the 
official organ of the ASA, must take a journal that carries few 
teclmical papers of interest to Ihm. 

(4) \X'e should recognize events as they occur. jour- 
nal is now, and has been tor sevta'af years, largc'lv a crop< piurnal. 

Why omtinue to maintain officiallv that it is a joint pifblication ? 

<5) ’The SSSA has an otlicial publication in the Proci i d/nge 
Therefore the crops gnuqx espi'cially if a f.rop Scieiuv Society 
is organized, sliould also have an official publication. It is inter- 
esting that the eiops meiulwrs ot our coiriniittee seem be less 
concerned about this matter than aix* the soil> meuibers. 

In view of these considerations, the committee rtcoiinnends that 
no change he made at this time in the Society’s pubheatioa pro- 
gram and that the problem be rexieweti periodically in future 

years with the thought that some change may become necessary 

or desirable. 

Since thi.s is a majority but not a unaniinc>us rtxs:Hiirriendation 
and since some members of the committee urge furthtT study of 
the problem, the Directors may wish to continue the present com- 
mittee during the next year. 

M, L. Pl-TEKSON 
H. M. IV.SDAL 
L. A. RfCHAKDS 
H. E. Mykrs 

\V. M. Mveks, 


'■ A. ' CL/Normak 
D. F. Bfard 
T, H. Rogi.hs 
H. H. SFKAGUi- 
chairman 


PUBLiCiTY 

The national Publicity CommitU'e of the American Society of 
Agronomy, composed of Zkna.h Brerx of the Mid<]|ewe,st Soil 
Improvement Committee. W. H. Garmak and M. H. McViCKAH 
of the National Plant Food Institute, MAHKfci; Haag of the 
American Society of Agronomy, and myself, , has functioned in 
much the same pattern as established for the last two meetings 
during which Mr. Beers served so capably as chairman. 
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Trm a ivw new .probUms, in that 'it is a 

campus aiiil si>mewh,ir removed from ' the ■ news service 

centers, 'niahjog. it more: diilicylt for representatives of press and ' 
radit’i to anvr tire mc'eiings personally. However, the }'>ress, radio, 
and. 'IV people hau k?n wutcly umtacted by mail and a'goodly 
nnt)'?k‘T’ ail:' I’tfest's.it m'OA', 

_ idaimine and polh\ lor this conference has been a 
(urufion i>l tiu natonial oemniPet. worked out in dose liaison 
with tlu AkA. iRadqoartu’s m Madison and coordinated with 
the focal Fnhbc Eelaticms and - Press Committee, headed by dDr. 
C, A., ■ St/XrsecN. I he work of the loccil committee is very impor- 
tant because .mscsr 'Of ^ tl'ie covt-raee on a , meeting of this type is 
local in riatuo, . Dr. ScncNon and his assistants have done an out- 
standinc n^h, A'^ I nivntkmcd before,, the task has been a little 
rru'.''rf this y'fa.i: bt'is'iuse the nieetiog .site is somewhat 

removed froiri a inetnjpolitan area. 

dlk; lit !. ting will aKo n,ctivt considerable national publicity. 
Neu-rai ivpasentariu the national farm magazines are in 

alTrodano-. V)nc and pi'^sihiy teu? of the national wire services 
will lu- apreo-nt^jo,. Again !hi> year, NBC is producing a half-hour 
kinesLi^pe ^how Iwdll .a.rcaind tins meeting to be used on its 
National Farm and Hcent 

l;‘k"ode^ the pleat omftihofiun matie by Dr. Suneson and his 
k^cal groo|"% the lit. whs share ol I'be publicity work this year has- 
been ■ done. by , l.aii'v' Moniliey and dMaury .FLiag' in the A.S.A. 
iKan..k|oa{t'e'rs ofheiv, 'llity feive sent out a lot of ■material to press- 
and mdio u pu :w nteto :iml n.oc worked out a multitude of 
detaiht {V*r a oitHolii I )m».tionin,i. fiperation. 1 know that the head- 
c|tJarioi's Millie li.ei pH‘pao....d uu..‘r lOU. news releases on the many 
tudmical I'iapem iltaf wjli be prosentcvl ’riiis i.s a real .service to 
mnv?> wfifs. rs and biMjdit,.eacrs. as these are scientitk papers intended 
lof s.ucotdu ctmsmrtption. The news significance to the average 
prison den nd.s upon mterprefatitui of the papers through releases 
that bring- cuit the iorporiant points in a .readable and convenient- 
fonij, In tins regard i am ■ art* that the Society would want me to 
thank all iht Npmskrts who looprrated so well by sending in their 
abstracts. ' ■ 

Nmw bu- a few.' personal thonght.s on the future responsibilities 
of the Ihibliaty C.oiimihtoe. '(lie committee, as now constituted 
witli repivscntalives loam commercial organizations with the chair- 
man being from one of these organizations^ was organized in 
lOiC It kaied Inst during the Dallas meeting. The results of 
.thisoipprciach, as- -expres.sed in te.rms of coverage received in news- 
papers. .magazines, radio, and TV. has been extremely good. Cer- 
tainly thh\hemy' cd' operatirm has been justiBed without qiurli- 
Bcation. I believe it has served another purpose. It ims emphasized 
the need tVir u>m'entrateil publicity activities, continuing year-round 
activities by the Society. 

In favt. it IS my feeling that emphasis on ihese_ activities has 
reaefuaj the piunt wlu rc tlu.y could best be .served if the over-all 
puiShiity mgam/aiion be pLutd under the direction of staff per- 
MsiHul oi the A ^.A. la adlquai'ters iithte, both actually and tituhirly. 
In othei woiils, I .am rvco/umeniling that the chairman of this 
ctnuiMittve lie ovU scaueone from u commercial organization but 
a stall rnemhu' o! tin In tidquaiters otiicc. As far as the annual 
uaevting n» uaKernuh this would mean that the high degree ot 
cooperafum from a hnal committee would liave to be ctmtinued. 
With tlie line ulitorial tafvnt I have observed in college extension 
otiiixrs during the past 5 years, anti their willingness to help out. 
! am sure that this is no prthlem. 

I wtndd re.ommt'nd that industiw repre.sentative.s continue to hold 
menibership on the committee and I am sure they will be more 
than willing U* help out in an advisory capacity and with their 
own area of interests and contacts. Personally, it has been a thor- 
oughly enjoyalile experience serving on thi.s committee, and the 
American Seeil 'IVade Association Board of Director.s has whole- 
heartedly supporied out participation. ^ l . i • 

There is no either organization in existence with a membership 
that devotes its time and scientihe talents more to the basic needs 
of society than dots the membership of the American Society of 
Agrommiy. 'Fhc public ought to be told what they are doing. 
Thoughts expressed here are directed to that end. 

WflLiAM Hkckhndorn, chamuan 

LOCATION AND TIME OF MEETING 

The Society has previously approved recomm^dations of this 
committee that the meeting in 19 *>6 be held in Cincinnati, Umo, 
NovemlxT 12-16; the meeting in 1957 in Atlanta, Ga., Nov. 
iB-~22; the meeting in 195B in Madison, Wis., August 15-29 on 


the campus of the University of Wisconsin; and the meeting in 
1959 in Cincinnati, Ohio, Nov. 9-13. 

In conformity with the recommendation of the Board of Direc- 
tors of the Society on Nov. 20, 1952, the Committee on Location 
of Meetings should recommend at this time a meeting site for I960. 

The Society on Nov, 8, 1954 at St. Paul, Minn., approved gen- 
eral policies to be follow^ed by the committee in recommending a 
meeting site. ThCvSe policies are; 

1. That fall meetings, Oct. 20 to Dec. 20, be held at least 
3 years out of every 4 and that not more than 1 summer 
meeting be held every 4 years. 

2. That 50% of the meetings be held in the area between 
Cincinnati, Ohio, and Kansas City, Mo., with the remain- 
ing 50% to be held farther east and farther west. 

2a. That 3 or 4 key cities with outstanding facilities should 
be set Up as regular meetings locations. 

In conformity with these policies the committee recommends 
that the I960 meeting be held in Denver, Colo., from Oct, 31 to 
Nov, 4. 

S. R. Aldrich H. T. Rogers 

L M. Atkins F, W. Slife 

H. B. Cheney R. S. Whitney 

H. E. Jones, chairman 

STUDENT ACTIVITIES SECTION 

We are happy to have the opportunity to make an annual report 
of the Student Activities Section to the members of the Society. 
We are sure that all of you are aware that today’s members of 
the Student Activities Section will be tomorrow’s agronomists. 
For this reason, we feel you are interested in their activities and 
progress of the past year. 

Membership 

During the past year the Agronomy Clubs at the Alabama Poly- 
technic Institute and Oregon State College petitioned for and 
were accepted as members of the Student Activities Section of the 
American Society of Agronomy. This makes a total of 40 clubs 
which are now affiliated with the national organization. 

Activities 

This is the fourth year of the National Agronomy Achievement 
Award Contest for the selection of the best student Agronomy 
Club in the United States. The judges for this year’s contest were 
Dr. H. K, Wilson, Pennsylvania State University, chairman; Dr. 
H. E. Myers, Kansas State College, and Professor F. D. Keim, 
LBiiversity of Nebraska. The winner will be announced at the 
Annual Dinner Meeting Wednesday evening. The winning club 
will be pi'e.sented a beautiful trophy and check for $100 to help 
with the delegates’ expen.ses by the National Plant Food Institute. 

Dr. V. C. Finkner of the University of Kentucky, chairman of 
the Student Essay Committee, reports that a total of 59 essays 
were written this year. Some of the essays were eliminated in 
local contests. Thirty es.says from 15 different institutions were 
.submitted to the National Contest; 3 were disqualified, leaving 27 
for final rating. The essays were judged by members of the Stu- 
dent Es.say Committee consisting of members of the parent society 
and a representative of the editorial staff of hat’s Neu> in Crops 
and Soils. Winners of the contest wall be announced Wednesday 
evening. The American Potash Institute is giving valuable sup- 
port to this contest by contributing funds to be used for the 
awards and to provide travel expenses for the three top winners 
to attend the meetings of the .society. W'hafs Netr in Crops and 
Soils will award X-year subscriptions to each of the top 10 wan- 
ners and will pay $25 for each essay published regardless of 
placement in the contest. We feel that you as members of the 
American Society of Agronomy should put forth more effort to 
encourage the students at your institution to participate in this 
very worthwhile contest, 

S. M. Raleigh of Pennsylvania State University, chairman of 
the National Crops Judging Committee, reports that 11 student 
teams competed in each of the contests at Kansas City and Chicago 
last fall. He asked me to report that there is plenty of room for 
other teams to enter the conte.sts. 

One National Agronomy Newsletter was prepared and distrib- 
uted by the National Corresponding Secretary. Another edition xvill 
be prepared shortly after these meetings. 
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Registration for the meetings is incomplete. The first meeting 
of the Student Section will not be held imtil this evening. We 
hope that many of the western clubs which haven’t been able to 
attend the eastern meetings will be rep)resented this year. 

The National Student Officers this year are: 

President, Lester Schmidt, University of Minnesota 
Vice-President, Boyd Stuhr, University of Nebraska 
Recording Secretary, James Hasenbeck, Oklahoma A & M 
College 

Treasurer, Jack McDaniel, LIniversity of Arkansas 
' Corresponding Secretary, Kenneth Munkres, Kansas State 
College 

All of our meetings are being held in Room 176 of the Home 
Economics Building. extend to all of you an invitation to 
attend any or all of the meetings. 

In conclusion we would like to report that the clubs through- 
out the country are in various stages of activity and we ask you 
a.s members of the parent society to give a little extra personal 
encouragement to the students at those institutions where the clubs 
are not too active. We are convinced that activity in a well organ- 
ized club gives the student training which will be* of value to 
him all his life. 

H. D. Foth, vke<hatman 
R. M. Swenson, chairman 

AGRONOMIC MANPOWER RESOURCES 

During the year the committee made arrangements with the 
American Institute of Biological Sciences and the National Science 
Foundation for circularizing the Society membership with ques- 
tionnaires relative to obtaining information for the National Reg- 
ister of Scientific and Technical Personnel. The Central ofHce of 
the A.S. A. has distributed the questionnaires. The completed ques- 
tionnaires- will be analyzed by the AIBS and the NSF and data 
and Endings made available to the Society. The only co.st.s involved 
to the Society are those of mailing out the questionnaires. It is 
urged that every memte complete the questionnaire so that the 
tabulations will be representative for the Society. 

Results from the Register may be used as background material 
for government policy decisions concerning scientific and technical 
personnel. Information obtained from data collected in 1951 by 
the AIBS for the Register has been recently published by the 
National Science Foundation in a report entitled "Manpower 
Resources in the Biological Sciences”. 

The Chairman attended the Feb. 4, 1955,Nneeting of the Sdem 
tific Manpower Comm ission as a representative of the Policy Com- 
mittee for Scientific Agricultural Societies. Legislation pending in 
Congress relative to scientific manpower probiems was the chief 
topic for discussion. Details relative to this legislation are presented 
in the report for the Policy Committee for Scientific Agricultural 
Sodetie.s by Dr. W. H. Garman. 

“A Statement of Policy Relating to Specialized Personnel” was 
published in the Agronomy Journal 47:197-^198, 1955 by the 
committee. 

Work is going forward as reported at the last meeting on the 
preparation of a register of agronomy graduates. A proposal is in 
preparation outlining a procedure for preparing such a roster. 
This roster vcdil supplement the National Register of Scientific and 
Technical Personnel, for it will include the new agronomy gradu- 
ates omitted in the Register. Such data in conjunction /wdth the 
Register can be used in a number of ways^ as for example, in 
scientific manpower studies of the National Science Foundation 
it could provide a basis for estimating the future needs for 
agronomists. 

W. A. Albrecht L. N. Skold 

J, B. Peterson W. H. Leonard 

K. H. Klages S. A. Taylor 

C. L. W. Swanson, 

GRASSLAND IMPROVEMENT STEERING COMMITTEE 

A subcommittee is working on Grazing Land Census Proce- 
dures to formulate questions that may be used by the U. S. Census 
Bureau in i960. It has become increasingly evident that agrono- 
mists may be of aid in evaluating land use because they possess 
the broad background essential in an integration of soil and water 
use, climatic adaptation, transportation, marketing, and the customs 
of the 'farm people. . 


On the basis of the meeting in St. Paul and of subsequent cor- 
respondence, it is recommended that symposia of specific topics 
relative to forage evaluation be scheduled on the program of 
the annual meetmgs of the American Society of Agronomy. It is 
recommended that representatives of the Divisions of Cytology and 
Genetics, and Crop Production and Management take active part 
in the symposia and that representati\'es of the Animal and Dairy 
Science Societies be invited to participate. 

The subject suggested for one of the symposia would include 
specific problems relative to production of fetrage with improved 
quality. The problem of providing such forage throughout the 
year sdiould be clarified. Storage problems of forage a.s hay and 
silage and the expected losses in dry matter and changes in 
quality should be pre.sented and discussed. 

Another problem that Awirrants attention is tliat of evaluating 
new species or strains of grasses and legumes. It .should be decided 
whether tests should be with pure stands or as combinations of 
grasses and legumes, also, which management practices will be 
of greatest aid in selecting superior plants for different uses with 
results expressed in terms of quality and seasonal distribution of 
production as well a.s yearly dry matter yield. 

R. B, Alder PER * O. E. Sell 

F. V* Burcalow H. B. SpR.‘\Gim 

S. J. Richards V. G. Sprague, chairman - 

INTBRSOCIETY COOPERATION 

No new activities were undertaken by this committee during 
the year. Its major accomplishment consisted of spearheading the 
organization of the Policy Cofiimittee for vScientific Agricuitural 
Societies, and seeing this new group into official being. 

It appears as though timing will he favorable during the coming 
year for the anticipated and needed study of possible avenues of 
cooperation among societies for tlie puirpose of reducing overhead 
and publication co.sts. The Policy Committee for Scientific Agri- 
cultural Societies affords an appropriate mechanism for conducting; 
cooperative intersociety studies. 

Activities for the 19.54-55 year were concerned primarily with 
cooperation with the Scientific Manpower Commission. This area 
of the committee’s activity is cocxtoI in the report of the A.S.A. 
representative to the Policy Committee for Scientific Agricultural 
Societie.s. 

It is recommended that the A.S.A. Committee on Intersociet}^ 
Cooperation be _ disbanded, and that the president and the execu- 
tive secretary of the American Society of Agronomy be delegated 
to advise with the A.S.A. representative on the Poficy Committee- 
for Scientific Agricultural Societie.s, 

R. M. Love R. W. Slmonson 

L. G. Mcinthev • C. L.- ,W'. .Swanson ’ ■ ■ 

■ H. C. Murphy ^ " W:. H. Garman, chairman 

FIRST ANNUAL REPORT OF A,S.A. JIBFRESHNTATIVE 
POLICY COMMITTEE FOR SCIENTIFIC 
AGRICULTURAL SOCIETIES 

ThivS cominittee officaily came exi.stence on Jan, 31, iS)55, 
CTihninating nearly 2 years of activity on the part of the com- 
mittee on Inter society Cooperation. Tlie Ldlowing scientific agri- 
cultural societies participated, and became forjiiai members, with 
official representatives as follows: 

American Society of Animal lYodiiction— John H. Foster 
Aimwan Dair>u Science Association — L. A. Moore 
American Society of Agdciiitural Engineer.s-“T}UJMAN B. 

: . HiENTON ' 

American Society of Range Manageinentr—B. W. Allred 
Americaii Society of Agronomy-~%L H. Garman 
Soil Conservation Society of America~-E. H. Graham 

The jnajor activity of this new body has been to gain official 
recognition as a nominating agency for the Scientific" Manpower 
Commission, and to have two representatives elected to member- 
ship in the Commission. 

For the past 12 months the broad field <?£ agriculture has had, 
for the first time* a voice in manpower problems of concern tO' 
the defense of this Nation. 

Our first two repre.sentatives of the S.M.C. were Truman E. 
Hienton, of the U. S. Department of Agriculture, repre.senting 
the fields of soils and agricultural engineering, and Marvel B. 
Baker, As.sociate Director of the Nebraska Agricultural Experi- 
ment Station, representing the animal sciences. They were elected 
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by the Commission in August 1954. In April Mr. Baker accepted 
an assignment with the Foreign Operations Administration in 
Turkey,' nnd since that time the animal science groups have been 
represented on the Commission by John E. Foster, of the Uni- 
versity of Maryland. ■ , tt- . > . 

Dr. Foster’s term w’ill expire Dec. 31, 1956, and Dr. Hienton s 
on Dec, 31, 1955. The societies composing the Policy Committee 
are currently engaged in submitting nominations for a successor 
to Dr, Hienton" This successor will be elected in time to be 
seated with the Commission at its annual meeting in October 
(1955). 

Review of SMC Activities 

As in 1952-53, a major concern of the Scientific Manpower Com- 
mission has been the military status of scientists. This concern 
extended to problems of deferment, utilization of scientific per- 
sonnel in the armed forces, and legislation relative to selective 
service and reserve obligations. Although there has been no change 
\n policy relative to scientists in uniform, the Commission has 
taken an active part in placing many inductees in the Specialized 
and Professionar Personnel Program and in this effort has received 
excellent cooperation from the Army. Of greater importance is 
the revision of the Department of Defense policy. Upon the 
insistence of the Commission, the OHice of the Defense Mobiliza- 
tion Committee on Specialized Personnel has taken a review of 
the Specialized and Professional Personnel Piograni, j . 

Relations with the Selective Service System have improved dui- 
im; the past year. A year ago there wtis a heavy dram on gf^^^ 
students, .science teachers, and industrially employed .scientist . 
Since Tamiarv, Selective Service headquarters have ruled 
upon 95% of the ca.ses that the Commission has placed before it. 

^ Vhe easing up of the situation is due to the fact hat the 
military manpower pool has become quite large, plus the fact that 
present niilitaiy needs do not require more than one-hah to two- 
thirds of our physically and mentally ht young men. Undu^thest 
conditions, it is logical to expect that "’orc venous ^^entron will 
be uiven to the scientific and technological need v of nation. 

file S4th Congress was faced with the need of extending^ the 
regular draft and the doctors draft, both ot expirrf June 

30, 1955. Arguments by the executive director of the S.M.C, i 
support of an amendment restoring selectivity to the Selective 
System were ineffectual, but he did have some success in arriving 
at a shorter period of liability for scientists and engineers who had 
been deferred for professional work, ^ _ 

It is hoped th.at the proposed National Rcseive Plan bill \\ ill 
contain a provision whereby young men with scientific^ training 
mav fulfill their military obligation by x-ntenng a 
ing program, and thereafter serving in the military reserve, hhould 
"hts measure be enacted into law. the scientihc manpower 
tion would be sub.stantially improved. It would mean that >oimg 
scienti.st.s and engineers .serving in critical occupations .ind cssen 
till •ictivities would be withdrawn from their work for 6 oionths 
insteid of 24 months. It would reduce the dram on the sP^ahzed 
personnel in the military manpower pool by 75 /e. thi 

report was prepared, the National Reserve Plan has been enacted 

reprccsentative on the Policy Committee- fot fientific 
Airdcultural Societies, I wish to assure you that iii vie v, ol ou 
hilte national manpower pool, the Pt“™t ‘tttivity of the 
M.<mpower Commission in bringing about a “‘^tiction in the tn t 
liability of individuals engaged in critical occupations is bu y a 
.step in the direction of strengthening the defense of cur Nation. 

Policy Committee 

The sum of S650.00 was contributed to the 
Commission by the P^^eT Committee toward the ^ 
the Commis.sion in 1955 . There is a ^agencies 

Commission will not need to call upon its nominating agencies 

the 'poHcy^Committee for Scientific Agricultural Societies, 
agr'kailLl sSitNts today f 

Other areas, such as chemistry and biolop. f lacked any 

tion of this committee, however, agricultural scientists lacked an> 


as it is now organized, will require TtU 

tional costs. A deposit of 175.00 

S'S mS il'" 

;s:s» 

against this deposit. ^ Garman 

endowment FUND 

The Endowment Funds Committee is pleased to 
of this date we have 57 sustaining i'»«"'’erships Although this 

is two less than one year ago it is 7“^ f “'“‘‘jf^XtualV we lost 
we are holding this type of menibership ^are good 

fnnr ind i?ained two new memberships. The piospeas ait. feu 
■IS regards ^gaining a few additional memberslups during *£ com- 
ng year T^e receipts from this type of ,«? 7 b^ip are all hem^ 
kept in a special Endow'ment Fund which now tot..ls appioxi 

work of the HeCKENDORN 

r‘ t w. H. Pierre 

kitoTRAMSOK 

W.rTo™ 

H. T. Harrur , . E- 

E. Truog, chamnan 

rpporT OE the committee on RELATIONSHIPS 
REPORT seed INDUSTRY 

The Committee on Relationships with the Seed M^ty has 

SeT.£";S'r, « J XS.T,.. i. 

extendve ^v tr'^^ers relating to the tur ndiistry. These ch - 
rus.sions ikulted in_the dnifting o ^ 

wuieties before it is distributed commercially. 1 he complete text 

■’T'td'lS'ASSS ,.f <l» A.«~ •( A— 

■«'*. f A aSSo S'" fellow™ 

to all administrators in research, teaching and ex , V • |j 

^ Whereas, Turf grass work has beem recognized internationally 

enterprise in which 

viilually the entire urban population is '"f L l^bu inesfis 

It has been shown condusively that the turtgrabs Dusinesb 

information and its dissemination is acute, therefore 

SSn"i the Svdopment lse,‘ and 
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seed of vegetatively propagated varieties; that such seed not be 
oifered in commercial channels until its quality for turf production 
has been determined; and that in no case shall such seed be 
identified by variety name if the uniformity and quality of the turf 
is not comparable to the vegetatively propagated parent variety. 

At the Joint Committee meeting held Aug. 1.5, 1955, it was 
recommended that a special sub-committee be named consisting of 
two members each from the seed industry and the Society to 
study ways and means of implementing the recommendations in 
the above resolutions. The appointment of the sub-committee will, 
of cour.se, be dependent upon the approval of the resolutions by 
the membership. 

Much has been gained through the joint coininittee meetings 
where there has been a free exchange of facts, ideas, and philoso- 
phies by the representatives from both the Society and the Seed 
Indu.stfy. 

The improved relationships between agrononii.sts and the seed 
industry were evident at the recent meeting of the American Seed 
Trade Association in Minneapolis, Minn., when two members of 
the Society appeared on their program. Dr. Iver Johnson of Iowa 
discus.sed "Making Progress Together" and Prof. H. B. Musser of 
Pennsylvania gave a paper on "Developments of New Turfgrasses 
and Their Potential Use." The over-all theme of the 1955 
A.S.T.A. meeting was "Science in Seeds," 


Last Spring a representative from the A.S.T.A. appeared before 
Congress in support of the seed storage facilities for maintenance 
of valuable germ plasm. Also, state, regional, and national repre- 
sentatives from the Seed Indiustry have increased their support 
for research at the agricultural experiment stations either through 
private grants o.r by urging the appropriation of additional funds. 

Although the work of the committee has been confined thus 
far to discussions relating to turf grass, it is anticipated that, in 
the future, topics relating to specific turfgrass subject matter will 
be referred to the Society’s Turfgrass Committee, while the Com- 
mittee on Relationships with the Seed Industry will explore other 
avenues of developing better understanding and closer working 
relationships with the seed trade. It is through dose working 
relationships between the many members of the seed industry and 
the research and applied, agronomists that more effective gains 
can be made to ware! the goal of improved crop production. 

The committee wishes to expre.ss its appreciation to the repre- 
sentatives from the A.S.T.A. for their excellent cooperation and 
for the arrangements they made as hosts at our meetings, 

D. K Beard J. C. Lowery 

E N. Fergus H. B. Musser 

F. V. Grau F. G. Parsons 

J, R. Holbert C. S. Garrison, chairman 


REPRESENTATIVE OF A,S.A. TO DIVISION OF BIOLOGY 
AND AGRICULTURE, NATIONAL RESEARCH COUNCIL 

Your representative attended the annual meeting of the Divi- 
sion of Biology and Agnculture of the National Research Council 
on May 13 unci 14, 1953. The activities of the Division during 
the past year were reviewed. In addition, he has answered occa- 
sional inquiries from the Council and reviewed for it various 
proposals in the field of agronomy. 

I have been asked to ascertain the interest of the Society in 
having arrangements made by the National Research Council for 
the collectioh and Compilation of sources of economic plants. It is 
understood that a bill has been before the Congress for several 
years that would provide for this, 

The American ^ Society of Agronomy is one of many that have 
representatives in the Divi.sion of Biology and Agriculture of 
the National Research Council. There is little that the repre.sen- 
tative or the Society can do except when specific questions arise 
that are of concern to the membership. Dr. L. A. Maynard of 
Cornell University has now succeeded Dr. Paul Weiss as Chair- 
man of the Division of Biology and Agriculture. 

Lyle T, Alexander 


A.S.A. REPRESENTATIVE, AMERICAN ASSOCIATION 
FOR THE ADVANCEMENT OF SCIENCE 


This year the A.A.A.S. holds it annual meeting in Atlanta, Ga. 
In 1956 it wiil^ be held in New York City. At the meetings this 
December, Section O is co-sponsoring a symposium on "Atomic 
Energy and Agriculture." The atomic energy relations wall be dis- 
cussed under the following four topics: (1) Soil-plant relation- 
ships, (2) Plpt metabolism, (3) Animal metabolism and (4) 
Food sterilization, This should prove a very interesting program. 





Another phase of the A.A.A.S. continuing program in which 
I am sure we are intere.sted is their sponsoring of a Science leach- 
ing Improvement Program, When it is realized that only 249 
men and women who had prepared to teach high school physics 
graduated from all colleges and universities in the U. S. this 
spring, and that probably only about half of them will actually 
teach, it is seen that this is a very real problem. The A.A.A.S. 
is anxious to have support for this program, and a special com- 
mittee of that organization has prepared a booklet outlining the 
problems and what might be done about them. I have s^eral 
copies of this booklet, jiust off the press, given to me by Dale 
Wolfle, Executive Secretary of A.A.A.S. which I xyill turn over 
to the Chairman of the Agronomic Education Division for what- 
ever action the Division deems desirable. 

H. M. Tysd.\i, 


A.S A. DELEGATE TO THE ANNUAL MEETING OF THE 
AMERICAN ACADEMY OF POLITICAL AND 
SOCIAL SCIENCE 

The fifty-ninth annual meeting of the American Academy ol 
Politiail and Social Science was held in Philadelphia, Pa., April 
I and 2, 1955. The general theme of tlie meeting was internal 
security and civil rights in America, The six sessions dealt with 
freedom of expression, privacy, and personal dignity, subversive 
persons and groups, academic freedom, job security and national 
security, and in\ estigations. Sixteen outstanding speakers discussed 
these subjects in a very comprehensive manner. 

R. B, Aldekehu 

REPRESENTATIVE ON THE ACiRICULTURAL RESEARCH 
INSTITUTE OF THE NATIONAL ACADEMY OF 
SCIENCES-~"NATIGNAL RESEARCH COUNCIL 

The Agricultural Research Institute is completing another active 
and successful year. The campaign to increase the Glass A mein- 
bership has been encouraging and at present there are approxi- 
mately 50 such members. The increase in membership makes it 
passible to interest more industrial organizations in the work of 
the Agficulturai Board and also to give more support to the Brard. 

The 4th Annual Meeting of the Agricultural Research Institute 
is scheduled for Get. 17 and 18, 1955,_ in Washington, D. C. The 
meeting will consist of 3 half -day sessions and a banquet. Among 
other items to be discussed will be corn research. It is the plan 
to review the past, present, and future research work on this crop. 
h most impressive list of speakers will appear on this program. 
If this plan is successful, other crops or topics will be reviewed 
at future meetings. On one-half day, the work of the Agricultural 
Board will he reviewed in full, and the Projects and Proposals 
Conimittee (if the Agricultural Research Institute will make its 
report. A prominent person will be invited to speak at the dinner 
meeting. 

The Agricultural Research Institute works very closely with the 
Agriculturai Board. Througli a mutual exchange of suggestions, 
tlie Agricultural Board has set up three new committees, namely, 
Agricultural Equipment, Agricultural Pests, and Hits and Oils, 
These three committees are the result of suggestions developed 
through the Projects and Proposals Committee. 

As an adjunct to the annual meeting, plans have been formu- 
lated for an international conference on the use of antibiotics in 
agriculture. This conference is to lie held in \X^ashingtan on Oct. 
19-21. The Projects and Proposals Committee of the Agricultural 
Research Institute is participating actively in the planning of this 
conference which is to be conducted by the National Academy of 
Sciences and the National Research Council. Members of the 
American Society of Agronomy will find both of these meeting.s 
very interesting. 

it i.s recommended that the American Society of Agronomy con- 
tinue its cooperation with the Agricultural Research In.stitute.— - 
K. S. Qljisenberry. 

MEETING OF PRESENT AND PAST PRESIDENTS OF THE 
REGIONAL BRANCHES AMERICAN SOCIET3i^ OF 
AGRONOMY, AUGUST 15. 1955, 

DAVIS, CALIF, 

All of the American Society of Agronomy regional branches 
were represented by one or more members. Brief reports were given 
on branch meetings held in 1955; well attended meeting.s were 
held by all the regional branches. The meetings of the two divi- 
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of th: Wusttrn Bnmch were held in association with the 
A.S.A. fneeimcss at l.Xi\}s> I'or the iirst time, papers were presented 
as a part of tlie NoitieCeritral Bnindi meetings. T’he Northeastetni 
Hr.miJt plans to mdiule presentation of papers as a part of its 
piograms io the iuUiK. With the exception of the meetings of 
rhe Southern Brandi, held trips and tours designed to acquaint 
visitors witli the host iostitytiiui and its fields of interest are 
always a part ih the regional meetings. Since the Southern Branch 
meetings are held in the winter months, held trips are not practical. 

AH the present and p;ist briuicli presidents of the A.S.A. agreed 
that it is highly desirable that papers on subjects chiefly of "local 
interest be presented at regional meetings. If this practice is fol- 
lowed, more time could he allotted tor discussion periods of 
papers giceiron subiects of interest to the whole membership at 
the national nieetings. 

ft was agreetl that Regional 'redinical Committee meetings 
should not be rncouraged to be held at the same time as the 
regional meetings, if it is oecessary that such technical committee 
meetings he hehl in cooitmction watli branch meetings, then they 
shiUild complete tlieir actsvities either before or after the branch 
meeting. 

rhere was ionsivlerable interest expressed in the possibility of 
puhlisliing ah fra.cts ai the papers of regional branch meetings 
in one of the A.S.A. othdal publications. 

It wio agreed that the c4'hiial membership of the committee of 
present and pa'4 presi*,k nts Ise composed ovf the present and jnime- 
J:Mt r^ttsuienis iif A.S.A. regional branches. Otlier past 

presidents ai tire tguinigd iMauiches are invited to attend meetings 
id this grtaip. 

Presidt-nt lh>himfan suggested that this group report on its 
attivities aiinualK. at the fna! meeting of the A.S.A. board of 
direi-tors. 

h fh PenoMiiL Purdiu l:dhvt:rsity. vvas^e chairman for the 
pasO u’.eUing. 

Those .present at the d netting of the Present ■ and 'Past Presi- 
dt.aits of Ihgicmal Ihsinches. August 16, Davis: 

R. ' S. S. Obhnshain 

N. C. Bk.vov NWarrkn Pc>pe 

■O. E. Sei.'l Bert Krantz 

J. F. Rkeo j. B. Peterson 

y ■ W. H. PfERRH ■ ■ b. D. Hill 

■' G. O. Fqiavman L.' G. Monthey 

D. F, IVicAiJSTEK, chiurman 


mittee on Fertilizer Application includes representatives from the 
National Equipment Institute and the National Canners Association. 

In the present rotation system the next cooperative meeting xvith 
the American Society of Agronomy would be in Madison, Wis,. 
Aug. 25-29, 1958. 

B. A. K\iAm7:. AS. A. Repri^wntath^ 
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COMMITTEE REPORTS 


A^ARIETAL STANDARDIZATION AND REGISTRATION 

The Committee for Varietal Standardization and Registration 
during the past year considered and approved for registration all 
field crop varieties for which applications were re-'cived. Descrip- 
tive articles for publication in the November issue of the A.^ronamy 
Journal are being prepared on the following varieties which have 
been approved for registration during the past year; 

Barley: Cordova 

Bromegrass: Homesteader Smooth, Lancaster Smooth, Lincoln 
Smooth, Lyon Smooth 

Oats: Alamo, Cimarron, Floriland, Seminole, Victorgraio 
48-93 

Orchardgrass: Potomac 

Sorghums: Greenleaf .sudangrass, Tracy Sorgo 

Soybeans: Capital, Dorman, Dortchsoy 67, Harosoy 

Wheat: Concho, Frisco, Onas 53, Quanah 

Wheatgrasses: Nor dan Crested 

Other Grasses: Green Stipagrass, Tualatin Tall Oatgrass 

Applications for registration of the following crop varieties have 
been received and are pre.sently being considered by the committee: 

Alfalfa: Vernal 

Soybeans: Improved Pelican 

In accordance With a decision made at the 1954 meetings, the 
application form was revised to include the following items: 
(1) region of area of adaptation; (2) how* extensively the variety 
is grown in its area of adaptation; (3) is the use of the xmriety 
increasing? Also, the applications for registration have been cir- 
culated flrst to the committee member responsible for the crop 
concerned in order that the remainder of the committee members 
may have the benefit of his judgment. 

At the .1954 meeting it was deckled to renew the practice of 
supplying certificates to the originating or sponsoring station or 
.stations, and certificates for varieties approved throughout the 
past several years are being i.ssued. 

Changes in personnel of the committee include the appointment 
of Dr. E. G. Heyne to replace Dr. F, M. Briggs, who resigned 
from the Committee. Dr. J. F. O'Kelly also has submitted his 
resignation. Doctors Briggs and O’Kelly have served on this 
committee for extensive periods and they are commended for the 
fine service they have performed for the Society. 

A sub-committee consisting of Doctors H. C. Murphy, chair- 
man, E. A. Hollow-^eli, R. E. Karpeh and Mr. L. G, Monthey, 
is studying the feasibility of this committee sponsoring the print- 
ing of a handbook listing and describing varieties of crops which 
have been registered. 

J, O. Culbertson L J. Johnson 

L. F. Graber R. E. Karper 

M. A. Hein H. C. Murphy 

E. G. Heyne T. M. Stevenson 

E. A. FIollowell M. G. chairman 

TERMINOLOGY 


At the annual meeting in 1954 this committee submitted defini- 
tions for about 50 words used in crop science and plant breeding. 
The acceptance or rejection of these definitions w^as not brought 
to a vote since we felt adequate time should be given the member- 
ship to .study and , then to voice objections if such occurred. The 
report, of the committee was published in the Agronomy Journal, 
46:598-599, 1954. 

No objection has been received concerning the definitions of 
the following agronomic words and terms: (l) certified seed, (2) 
companion crop, (3) cprm, (4) forage crop, (5) foundation seed, 


NATIONAL lOINT COMMITITiE ON FERTILIZER 
APFIJCATiON 


TLw National Jomi ('ommittce r*n Fuftilizcr Application held 
its 31st annual iiwrling in cooperatitm with tlie American Society 
of Agrosuaiiv .a Da\is. Calif., Aug, 15, 1955. During the morning 
of Aug. Ub si\ su-humite imiud papers were presented on the 
suhjict of ’'PiitgUNs in Fertili/er Applkation”. Dr. D. G. Aldrich, 
jr., University of Caliioinia. uw chairman of the .National Joint 
CoEumittee un FVrtil izer Appluataui, presided at the sessions. The 
papers listed on page 7 of the American Society of Agronomy 
prugr.iin for the 1955 meeting will he pEihlished in the Proceed- 
ings of the 31. St Annual Meeting iif the National Joint Committee 
on i’ertili/er Application. 

An executive lumheon meeting wa.s held on Aug. 15 at Davis, 
Brief c<Emnuttvt reptuts were presented, tlie details of xvhich will 
also be published in the Pmceeding.s. 

The new officers elected iur the organization are Dr. D. G. 
Aldrich, Jr., L’niser.sity of California, Davi.s, chairman; C. E. 
Guelle, internatiemai Harvester Co., Chicago, III., vice chairman; 
and Dr. W. H. C.;ahm.-\n, Natii.mal Plant Food Institute, secretary- 
treasurer. ^ , 

Because of the merger of the National Fertilizer Association 
and the American Plant Food Council into the National Plant 
Food Institute, the latter organization will now he the repre.sen- 
tative replacing the two former organizations. 

In keeping w’ith its policy of rotating its meetings with the 
American Society i)f Agronomy, the American Society of Horticul- 
tural Science and the American Society of^ Agricultural Engineers, 
the National joint Committee xvill meet jointly with the Ameri- 
can Society of Agricultural Engineers next year in Chicago. 

In addition to the National Plant Food Institute and the three 
scientific organizations mentioned abene, the National Joint Com- 
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(<5) groats, (7 ) Ladino clover (prommciation) , (8) nurse crop, 
(9) pedicel, (10) peduncle, (11) permanent pasture, (12) peren- 
nial pasture, (13) rachis, (14) registered seed, (15) seeds, ( 16 ) 
seeding, (17) sow, (18) stolon, (19) supplemental pasture, (20) 
temporary pasture, (21) tiller and (22) tilth. The following plant 
breeding words and terms have not been questioned: (1) Ii, Li, 
or Si — Si preferred, (2) heritability, (3) heterosis, (4) line, (5) 
polycross progeny, (6) top cross progeny, (7) recurrent recipro- 
cal selection, (8) recombination, and (9) synthetic variety. 

The following word dehnitions have been questioned and^ are 
either redefined in light of suggestions received, or are resubmitted 
by the committee in the belief that their original definition is 
most satisfactory. 

1. Plant nutrients: Materials which furnish energy for growth; 
also elements essential for plant growth. 

2. Primary and secondary roots of cereal plants: 

Primary root of cereals: The root enclosed initially by the 
sheath-like coleorhiza together with the adventitious roots 
arising from the base of the first internode. 

Secondary roots of cereals: Those roots which arise from 
the 2nd, 3rd, and other internodes below the ground 
surface. This extensive fibrous root systejn is the predomi- 
nant one in the development of the cereal plant. 

3. Stand: In populations of agronomic plants, coverage per unit 
area expressed either in terms of number of plants or as a per- 
centage. (The latter is needed for grasses, especially sod-forming 
grasses, the former may be most meaningful for legumes.) 

A, Rhizo7ne: Any elongated underground stem, usually hori- 
zontal, and capable of producing leaves and roots at the nodes, 

5. Rootstock : 

(a) Same as rhizome. 

(b) (In horticulture) Portion of true roots, or roots with 
crowns, capable of producing stems, or of having stems 
SLicces.sfuUy grafted on them. 

6. Seed: 

(a) A ripened ovule with its normal coverings, and 
verb meaning sow, as the broadcasting or drilling of 
small-seeded grasses and legumes without very definite place- 
ment," of 1954 report accepted but (c) meaning "to produce 
seed or go to seed" rejected. 

7. Hybrid: The first generation offspring of a cross between 
two individuals differing in one or more genes. 

8. Strain: A group of organisms of common origin having one 
or more, definite morphological or physiological characteristics, 

9. Selection: Any: process, natural or artificial, which permits 
an increase in the proportion of certain genotypes or groups of 
genotypes in succeeding generations. 

10. Recurrent selection: A breeding sy.stejiT involving repeated 
cycles of selection with the objective of increasing the frequency 
of, favorable genes for yield or other characteristics. 

, The definition of breeder .recW was questioned but the definition 
given is that used by the LC.I. A., and this committee feels it 
should abide by it. The committee also feels that crop climate h 
not defined satisfactorily in the 1954 report and the definition 
should be dropped. The combination oi yrot As crop climate Aoqs 
not appear to be a good one, and hence no new definition is 
suggested. It is also recommended that the word over seeding be 
dropped.. . ' . . 


6. Successful inoculation of legumes: Inoculation resulting in 
adequate nodulation and symbiosis between legumes and their 
associated bacteria. (L, W. .Erdman) 

7. Successful nodulation of legumes: Production of adequate 
numbers of effective nodules for successful symbiosis between leg- 
umes and their associated bacteria. (I. W. Erdman) 

The committee suggests that the definitions of the words and 
terms of the 1954 report for which no amendments have been 
received be considered official with the adoption of this report. 
Words which are redefined here and new words and terms shall 
await final action at the next annual meeting. As previously, we 
suggest that anj’^ who have objections to the redefined words or 
the definitions of the new words send their comments to any mem- 
ber of the committee. 

C, J. Willard C P, XXTlsie 

G. H. Ahlgren, chairman 

INTEILNATJONAL CODE OE NOMENCLATURE 
FOR CULTIVATED PLANTS 

The International Committee on Horticultural Nomenclature and 
Registration met in London March 23-25, 1955, to consider sug- 
gestions and criticisms of the proposed International Code of 
Nomenclature for Cultivated Plants. Proposals for changes in the 
Code were received from 15 societies, associations, and individuals, 
and objections to the use of the term ''ciiltivar" from 26 American 
agricultural experiment stations and associations, A formal report 
of this meeting has been received from Dr, H. R. Fletcher. 
Royal Botanic Gardens, Edinburgh, Honorable Secretary of the 
Committee, 

With respect to application of the Code to agriculture and for- 
estry, the report states; 

"After considerable disciis.sioii, the Committee unanimously 
agreed— 

(1) That there should be one set of rules for Horticulture. 
Forestry, and Agriculture. These rules should be embodied in one 
Code which should contain appendices relating to the naming of 
special groups of plants, 

(2) That this Code should not be the responsibility of an Inter- 
national Horticultural Congress but of a special Commission. 

(3) That recommendation be made to the l4th International 
Horticultural Congress at The Hague to the effect that in 
future full re.sponsibility for the Code should be in the hands 
of the "International Commission for the Nomendautre of Culti- 
vated Plants” set up in 1948 by the Botanical Section of the Inter- 
national Union of Biological Sciences, and that provision should 
be made for full co-operation between the LU.B.S. and F.A.O., for 
the reason that in certain countries the Departments of Horticul- 
ture, Agriculture, and Forestry have direct relations with F.A.O.. 
but not with the LU.B.S.” 

Those features of the Code considered controversial by agrono- 
mists are herewith enumerated and excerpts from the Committee 
report pertaining to these features are cited. 

1. Use of "cultivar” for cultivated vanetie.s. 

The Committee directed the chainnan and secretary to redraft 
Section B Art, C. 3. of the Code, which restricts use of the term 
variety to plants which occur in the wild and designates the term 
"cultivar” for lines and clones originated or maintained in culti- 
vation, "to include the point that Variety* may continue to be 
used in.stead of 'cuitivar' for non-scientific purposes.” The redraft, 
also included in the report, states in part: ’’It is recommended 
that for scientific purposes the term tv/Z/riw ( abbreviated cv.) be 
applied to lines highly selected to a standard type, clones, etc., 
which originated or are maintained in cultivation. The term cnl- 
thar is thus equivalent to the English word variety as used in 
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New words submitted are defined as follow,s: 

1. Inoculate (legumes): The application of Rhizobia (legume 
bacteria) to the seed of legume crops prior to sowing or to the 
soil where such crops are to be grown, (L. W. Erdman) 

2. Micro^cUmate: AtmOsSpheric conditions in the immediate 
vicinity of the plant cover and root zone. 

3. H adulate (legumes): The production of nodules on roots of 
legumes by entry and stimulation of Rhizobia, (L, W. Erdman) 

4. Renovation: A procedure which includes those cultural prac- 
tices that make possible the establishment of desirable legumes in 
grass sods without plowing. (L, F. Graber) 

5. Specific combining ability: A measure of the extent to which 
certain breeding combinations do significantly better or worse than 
would be expected on the basis of average performance of the 
crosses of the lines or clones involved. 




horticulture, agriculture and sylviculture ('Sorte’ in German, 'sort’ 
in Scandinavian languages). It is suggested that the current use 
of the term 'variety* (or any similar designation as the laws of 
the country require) be retained for commercial or other non- 
scientific purposes until such time as the term ‘cultivar’ may be 
inserted into the laws and regulations governing the commerce 
of the material in question,” The redraft does not seem to alter 
the concept of the Code; it merely provides for a delay in termi- 
nology change. 

2. Priority of variety names. 

The portions of Section D of the Code which stipulate that the 
correct name of a variety is the earliest validly published or 
officially registered name ^ were not altered appreciably by the 
Committee. As valid publication is defined by the Code as "the 
sale or distribution of printed or similar mechanically duplicated 
matter giving both the name and description or definition of the 
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plant concerned (with or without an illustration) or a reference 
to a previously published description or definition, in any language 
using Roman characters,” agronomists fear the Code permits adop- 
tion of a correct name which might not have the approval of 
the originating or sponsoring research agency. Discussion on the 
restriction of valid descriptions to those using Roman characters 
was deferred for consideration by the International Commission 
for the Nomenclature of Cultivated Plants. 

3. Designation of hybrids. 

The Committee suggested no changes in Section C Art. C. 24. 
of the Code which recommends, ”that the multiplication sign X 
be inserted between the generic name and the cultivar-name as a 
sign of hybndit}c” Some agronomists fear such placement of the 
multiplication sign will create confusion as it is normally used 
to separate the parents of a cross. 

4. Names of reselected and improved varieties. 

The Committee recommended Section J Art. C. 28. be discussed 
by the International Commission for the Nomenclature of Culti- 
vated Plants. The above article states, "When a cultivar becomes 
through continuous selection sii distinct from the original that it 
can be regarded as a new cultivar, it should be given, a concise 
new name. When, however, selection has not resulted in such 
dixergence, the re.selected cultivar should bear the name of the 
original cultivar, linked with the name of the selector or some 
convenient designation.” Agr(>nt)niists generally contend a selected 
variety is eitlier measurably different from the original, in which 
case it should he tlesignated by a different name, or is not meas- 
urably different, in which case the original variety name should 
be recjiiired. 

Martin G. Weiss 

UNITS OF MEASURE FOR GRAIN AND SEED CROPS 

'File executive committee of the Crop Science Society approved 
the appointment of tiie committee on Units of Measure for Grain 
and Seed Cn^ps in February, 19')'^. This committee has informally 
sampled the opinion of numerous agronomi.st.s, seedsmen, and 
grainmen as to the desirability of reporting yields and marketing 
grain or seed on a pounti basis rather than on a bushel basis, as 
is now commonly done. Without a single exception, all of our 
contacts have expressed vigorous appixnail for such a change. 

In discussing the matter with the Executive Secretary of the 
Minneapolis Grain Ex'change, an organization representing over 
>00 firms or individuals concerned with marketing grain, we were 
informed that this group would undoubtedly enthusiastically en- 
dorse such a change as it would result in the savings of thoiusands 
nf dollars of cleric\il work each year. 

Correspitndence with the executive secretary of the American 
Seed Trade Association indicates that tiie seed industry as a whole 
is trying to adopt the unit weight of p(junds throughout its opera- 
tion, and we were assured that this organization would also 
undoubtedly favor the ciiange. 

It has been drawn to t>ur attention that the Grain Research and 
Marketing Advi.sory Committee recommended the following to Dr. 
B. H. SiiAW, Administrator of Agricultural Research Service, 
United States Department of Agriculture: 

of measure, the committee reaffirms its recommendation 
to investigate the merits and evaluate the problems involved 
in shifting trade in grain from bushels to 100-pounds. This 
investigation should include study of the legal obstacles, 
in.stitutional duuiges, and statistical* data adjustment required 
in event such a change is initiated. Industry groups are urged 
t(.> consider this matter and register their interest or support 
for such a study.” 

In view of the apparent widespread interest on the part of 
numerous individuals and ^organizations for a change to a pound 
basis, it seems desirable to consider replacing the present commit- 
tee by a standing committee of the American Society of Agronomy 
or at least expanding the pre.sent Crop Science Society Committee 
on Units of Measure so that it is representative of all major sec- 
tions of the country. 

Some of the probable future functions of such a committee 
would be to: 

1. — Prepare a report as to the nation-wide desirability and feasi- 
bility of a change to the pound ba.sis and the exact measures 
needed to accomplish the change. 
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2. : — Prepare a report and recommendation for action^ of the 
membership of the Society in attendance at the 1956' meetings. 

3. (If the report and action are favorable) — .stimulate nation- 
wide interest in the change. Cooperate with and, if necessary, 
assume leadership in coordinating the efforts of all interested 
groups so as to reach the de.sired goal. 

H. H. Iaude H. C. Murphy 

E, H. Rinke, chamnan 

MEMBERSHIP 

This committee was appointed by President Stringffeld on April 
11, 1955, with Dr. A. O. Kuhn, University of Maryland, as chair- 
man. It has not been possible for the committee to have a meeting. 
There has been an exchange of correspondence relative to some of 
the problems pertaining to the function of such a committee. Dr. 
Kuhn relinquished the chairmanship of this committee as of mid- 
July when he was appointed assistant to the president of the Uni- 
versity of Maryland. For the balance of the period prior to the 
meetings. J. R. Co\x^AN carried on as temporary chairman. 

The primary goal of this committee would be to obtain more 
members for C.S.S.A. In striving for such a goal it would seem 
important to place emphasis on obtaining members who have a 
definite interest in the work of the Society and who would endeavor 
to make the Society a better organization. It ^ would not seem 
logical to measure the value of any Society entirely on the basis 
of the number of members: however, a Society nuist be constantly 
alert to new phases of work and serving. It is also important 
and logical in a dynamic science such as the work now repre- 
sented by the C.S.S*.A. that each and every year there should be 
a re- evaluation of the performance of the Society in relation to 
its memebrship. The committee is in agreement that such a philoso- 
phy is the one that should be adopted. 

In effecting such a goal it will be important to contact all pros- 
pective member.s in as orderly and systematic manner as possible. 
Such prospects will wish to know what such a society would have 
to offer them. In addition to verbal salesmanship there could well 
be a place for an appropriate pamphlet or brochure stating the 
aims and objectives of such a Society. In order to effectively reach 
all these prospects, there should be a network of canva.ssers. This 
might be organized on a state basis with a committee in each 

state to function as the canvassing unit. The mechanics of such 

an operation will be one of the primary tasks of this committee. 
Such an organization should be somewhat similar to that of the 
S.S.S.A. There should at least be a dose liaison between the two 
committees of these two societies. 

It is quite possible that some consideration should he given to 
a publication, particularly for the C.S.S.A. The committee is not 
in agreement as to the approach that might be taken here. In 

some cases it is felt that the Ai^roiiomy Journal is quite adequate. 

In other cases the opinion was expressed that the A,p'ononiy Jour- 
nal might be taken over as a crops publication. And in other 
instances it was suggested that there be a publication known a.s 
l^roceed'nigs to somewhat parallel the similar publication put out 
by the Soil Science Society of America. This committee feels that 
it should work very clo.sely with the publications committee under 
the chairmanship of Dr. \X^illiam Myers, relative to the adoption, 
if any, of a new publication for the Crop .Science Society of 
America. 

It is recognized that such groups as the defen.se agronomists, 
weed men, those interested in conservation, the gras.sland area, 
and others have an interest in the American Society of Agronomy. 
It is quite possible that such pensons could he interested in becom- 
ing active in the C.S.S.A. It would appear that one of the obliga- 
tions of the membership committee would be to determine how 
the C.S.S.A. might function to be of assistance and interest to 
these particular groups. - 

It would be the recommendation of this committee that the 
C.S.S.A. instruct a meinbership committee during the coming year 
to study carefully the necessary machinery for a complete canva.ss 
or contact of potential members. It would seem that such a com- 
mittee should also work closely with the publications committee 
to determine what might he done to further the interests of those 
in C.S.S.A. along such a line. Also it is extremely important that 
such groups as the defense agronomists, weed research, conser- 
vation, grassland, and those interested in other such divisions 
of agronomy be contacted and determine their interests in such 
a .society. 

R. P. Murphy R. C. Eckhardt 

F. P. Gardner J. Ritceiie Cowan, temporary ckmrman 
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TURFGRASS COMMITTEE 
(FINAL REPORT) 

Resolutioft 

The 1955 Turfgniss Committee meeting during the business 
session of Division XL on Wednesday, Aug. 17, 1955, approved 
the foUowing resolution: 

Whereas, Turfgrass Management has achieved international 
recognition as an integral part of agriculture, and ^ ^ ^ 

Whereas, Turfgrass Management has gained Divisional status 
in the Crop Science Society of America of the American Society 
of Agronomy, and 

Whereas, it is believed that the original objectives of the 
Turfgrass Committee have been attained, therefore, 

Be it resolved that, The Turfgrass Committee request permis- 
sion to submit a final progress report and be discharged with obli- 
gations fulfilled. 

The Turfgrass Committee 
Fred V. Grau, chairman 

This resolution was accepted by the Executive Committee of 
the Crop Science Society on Thursday, Aug. 18, 1955. 

In rCvSponse to requests for a brief history of the Turfgrass Com- 
mittee the following report from 1946 is included here: 

FURTHER PROGRESS IN THE SCIENCE OP TURF 

’'The meetings of the American Society of Agronomy and the 
Soil Science Society of America were concluded at Columbus. 
Ohio, on March 1, 1946, with some significant developments for 
Turf. With the unanimous backing of re,search men at experiment 
stations in 20 states, the Crop Science DivLsions of the American 
Society, of Agronomy was asked to establish a Turf Section and 
to appoint a permanent Turf Committee. Both requests were 
unanimously granted. This action now establishes a direct link 
between the leading agronomic science organizations in the LL S. 
and the various phases of applied turf management. Greenkeeping 
Superintendents’ As.sodation in particular. Furthermore, it enables 
scientific men to meet on an unbia.sed common ground for the 
purpose of integrating their re.search activities and harmonizing 
the future development of the national turf program in all its 
phases. It is now possible for leaders in the turf field to main- 
tain direct contact with one overall scientific group through mem- 
bership in the American Society of Agronomy. Thus, for the finst 
time, turf has achieved recognition as an important national entity. 
Office ns and other repre.sentatives of turf groups in the LF. S., 
through membership in the A.S.A., may now have a voice in 
shaping the future of U, S. turf, 

“The authority for thi.s action may be found in a file of lettens 
written to Dr, Iver Johnson, Iowa State College, Ame,s, Iowa, 
who was then chairman of the Crop.s Section of the A.S.A. These 
lettens came to him in response to a letter wn-itten by Dr. Fred V. 
Grail, director of the LT.S.G.A. Green Section, to scientific men in 
20 states. The states selected embrace the major turf areas in the 
country at the present time. The men who were asked to comment 
on the proposal included nearly all of those known to be engaged 
in .agronomic research and extension at experiment stations directly 
or indirectly concerned with turf. The action was supported by 
the Bureau of Plant Industry, Soils and Agricultural Engineering 
of the U-S.D.A. with whom the LLS,G.A. Green Section has 
worked cooperatively for 25 years. The Green Section and the 
Bureau of Plant Industry, working together, have as their com- 
mon interest the development and improvement of all phases of 
turf in the country. It is significant that in this file of correspond- 
ence there is not one dissenting opinion on the proposed action 
which has now been approved. 

"The full significance of this step forward remains to be seen. 
Leaders of the many turf groups throughout the country are invited 
and urged to take membership in the American Society of 
Agronomy through the secretary-treasurer, .Dr, G. G, Pohiman, 
Morgantown, West Virginia, and to attend the meetings of the 
Society which are announced in the official Journal. Correspondence 
relative to the development of the Turf Section for 1946 should 
be addressed to Dr, Fred V. Grau, Director, U.S.G.A., Green 
Section, Plant Industry Station, Beltsville, Maryland, Chairman 
of the Turf Committee of the Society, The year 1946 will be one 
of planning and development, preparation for a program of pres- 
entation of technical papers on. turf , at the next annual meeting 
of the Society, and of securing nationwide participation in the pro- 
gram among all group.s interested in turf development. Much 
can be accomplished through cooperative harmonious action." 


The finst Turf Committee was composed oi H, B. Musser, M. E. 
Farnham, H. R, Albrecht, and F. V. Grau, Chairman. 

In a letter to G. H. Ahlgren in August 1946. Grau made the 
following statement: "Three main con.sideration.s seem to stand 
out as important in this first meeting within the Society: 

(1) Seed production of important turfgrasses, 

(2) Weed control in turf. 

(3) Turf problems, including tecbnical problems and those 
of personnel and acceptance of turf as a major agricul- 
tural enterprise. 

In September 1946, tit! e.s and abstracts of papers for the first 
Turf Managemeilt Program were received and approved. 

The first Turf meeting held within the .Society at Omaha. Nebr,. 
in November 1946 very nearly proved to be the last. The space 
allotted to the Turf Group was on the Mezzanine, just^ inside the 
railing above the hotel lobby. Fhe noise and confusion of the 
lobby were magnified and intensified to the point where it .seemed, 
at times; folly to continue the meeting. 

The fact that those present persisted and did pre.sent their papers 
while those trying to listen kept on trying was something of a 
miracle. That ordeal having been met and the test passed, plans 
were made for the second meeting to be held in November I9U 
in Cincinnati. H, R. Albrecht was Chairman of Section V, Special 
Crops in the Crop Science Division. The 1947 Program and 'Purf 
Committee Report are a matter of record in the olficial prograni 
and in Agronomy journaL as are all subsequent programs 
and reports. 

REPORT OF THE 1955 TURFGRASS COMMITTEE 

The 1955 Turfgrass Committee M’ii.s divided into subcommittees 
for the development of specific information. 

Almost all stations engaged in turfgrass work liave 
seen the need for expanding the program on a broad basis in all 
phases of use. It is understood that a review of turtgrass rescarcli 
is being compiled by the Li.S.G.A. with anticipated publication 
in December 1955. 

Teaching and extension— The: need for training practical turf- 
grass superintendents in a 4-year college cour.se is considered 
acute. At lea.st four Universities now after such a course. Of 
special interest to the A.S.A. is the increase in numbers of college 
students registering for Turf Management option.s, where avail- 
able, in order to apply the scientific knowledge available in the 
field of agronomy to the special interest of growing turf for .recre- 
ational uses. 

G/vfcrej“^Emerald zoysia for lawns was released in 1955 from 
the Georgia Coastal Plain Experiment Station. Production and dis- 
tribution of new strains reported last year (Pennlu, Penncro.ss. 
Pennlawn, Penngift) have proceeded rapidly. 

Reading list— A list of Turfgrass Reference Material for Gradu- 
ate vStudents is being completed and will be available upon request 
from the Chairnian of the Turfgrass Committee, An additirmal 
list of curi-ent articles will be carried in the U.S.G.A.’s review 
of turfgius.s research. 

Turfgrass management----M\xniigemmt and techniques can be 
improved more quickly than new varietie.s, (jf grasses; therefore, 
continued emphasis will be placed upon management improvement. 
Education of supervisory personnel through Turfgrass Goiiferences 
plus the increased support by industry of agronomic education 
has already been very productive in prendding merre uniformly 
good turf in the several phases of use. Selective herbicide.s con- 
tinue to receive active attention from research. Crabgra,ss control 
by means of di.sodium methyl arsonate is an example of research 
and industry coordinating their efforts, 

Ec/tApment—Tudgrass equipment introduced during 1955 was 
for the most part imp>rovement or modification existing equip- 
ment. 

1. A mechanical power plugger. 

2. Adaptation of electrically timed automatic and hydrauli- 
cally operated sprinkling device for cjmtrojled irrigation. 

3. Adaptation of injector .sy,stems permitting u.se of herbi- 
cides, insecticides, fertilizers, etc. through regular sprinklers. 

4. New versions of equipment for breaking up crusted seed- 
beds and renovating established turf. 

5. Seen for the first time last year, the trend toward electric 
self-starters on large mowing equipment has unitinued, 
and during 1955 was introduced on smaller units. 

6. Equipment has been developed for deep-rooted pruning of 
trees adjacent to turfgra.ss areas. 





FORTY-SEVENTH ANNUAL MEETING 


'* Gasoline powered eclgers and combination edge-trimmer 

units for the home owner and for institutional use. 

8. Gatchens for small rotary-type lawn mowers. 

9. Improved trailers for transporting equipment. 

C(>frfere}/ces — During 1955, some 23 educational turf grass con- 
ferences will have been held at various conege.s and universities 
in the United States and Canada. Subject matter i.s generally 
divided into two phases: (1) basic principles and (2) practical 
application of these principles. The second phase is often given 
on a prescription basis; i.e., do this, at this time, in this manner. 
An increasing number of conferences are concentrating on a single 
subject matter theme. This approach provides opportunity to explore 
basic interrelationships of cultural practices and to stiidv them in 
relation to practice. 

National coordination of conferences has been a subject of dis- 
cussion for several years. It involves scheduling of local, regional, 
and national conferences to avoid conflicts. Further, in some areas 
closer coopeu-ation between various turfgrass interests seems indi- 
cated. During the past two years, Regional Directors of the 
U.S.G.A. Green Section, members of industrial Arms, and Experi- 
ment Station personnel have been of great as.sistance in coordi- 
nating many of the conferences. However, no completely satis- 
factory solution for national coordination of conferences has been 
found. It will be diflicult to achieve. 

llei:(}mme} 2 dat}ous- — -I1ie Committee recommends a continuing 
study of all phases of turfgrass conferences, 

K. Andi-k-son a. G. Law 

\XL H. Danihi. H. B. Musser 

J. A, DeFrancj' O. J. Nder 

R. E. Engel G. *C. Nutter 

M. H. Fergilsok H. H. Hampton 

K. JSI. Hagan V. T. Stoutemyer 

C. K. Hallowell M, R. Watson 

J. C. Harper Fred V, Grau, chairman 

MJNDTES OF THE MEETING, AGRONOMIC EDUCATION 
DIVISION 

Aug. 16, 1955 

Darrel Metcaleh. vice chairman of the Agronomic Education 
Division, conducted the 1955 business meeting of the division. 

L, G. Monthey, executive secretary of the American Society 
of Agronomy, gave a report on the agronomy pamphlet, ''You 
Help to Make a Better World Through Your Career in Agronomy” 
prepared by the Brochure Committee and published and distributed 
by the American Society of Agronomy. 

Reports were given for the three sections of the Agronomic 
Education Division; N. C, Brady, past chairman for Resident 
Teaching, H. E. Jones, chairman for Extension, and R. M. Swen- 
son, chairman for Student Activities. 

N. C. Brady read the report of the Committee on Training for 
Agronomists in the absence of D. G. Hanway, chairman of that 
committee. 

Tfie claairman was instructed to appoint a committee of two 
to work with B. R. Bertramson on the Awards Committee of 
the American Society of Agronomy on questions concerning student 
awards. R. C. Potts and A. R. Schmid were appointed. 

S. R. Anderson, J. D. Pendleton, and K. J. Pattersc)n, 
chairman, were appointed to develop resolutions for presentation 
to the American Society of Agronomy Board. The following reso- 
lutions w^ere adopted and pre.sented: 

Resol red, That the papers given at the General Meeting of 
the Agronomic Education Division, Tuesday, Aug, 16, 1955, 
(See p. 19- — 1955 Program of the American Society of 
Agronomy) be repeated on the 1956 General Program of the 
American Society of Agronomy in lieu of the address usually 
presented at that time. 

Resol red, That at each annual convention the meetings of 
all sections of the Agronomic Education. Division be held 
in the headquarters building of the American Society of 
Agronomy. 

Resolved, That the American Society of Agronomy initiate 
an awards program in the Agronomic Education Division with 
(1) two awards annually, one in teaching and one in exten- 
sion; and (2) an award to the outstanding agronomy student 
in each local Student Activities Section. 

H. E. Jones was elected 1956 vice chairman of the Agnmomic 
Education Division. 

Darrel $. Metcalfe, rice chairman 


SUBDIVISION XIII-B, EXTENSION 

This sub-section has carried three activities during the past year, 

1. The Agronomic Extension annual breakfast program. The 
breakfast in 1955 w^as the fifth since formal organization of the 
sub-section. During 1954 in St. Paul, Minn., 63 agronomists and 
guests attended the fourth annual breakfast. Forty agronomists 
attended this year’s breakfast. The 1955 group discussed the topic 
''Responsibilities of an Extension Agronomist.” 

2. For the second yeiu: the sub-section sponsored a half -day’s 
program of papers presented by extension personnel. The sub- 
section feels that this activity in presenting new developments in 
the field of applied agronomic teaching is mrich worthwhile. They 
desire that it be continued as a part of the Societies meeting 
program, 

3. In 1953 the sub-section appointed a committee on training, 
of agronomists. J. C. Low^ery has been committee chairman. The 
committee continued its activity during the past year. Ho%vever, 
becau.se the Agronomic Education Division also set up a commit- 
tee during the 1954 meetings on this problem, the sub-section dis- 
banded its committee. The sub-section petitioned the Agronomic 
Education Division for inclusion of an extension member on the 
committee. 

4. Professor C. J. Chapman, Madison, Wis., w'a.s elected as 
1956 vice-chairman and program chairman for subdivision 13-B. 

Harold E. Jones, chairman 

MINUTES OF THE MEETING, RESIDENT TEACHING 
SECTION— AGRONOMIC EDUCATION DIVISION— 
AUG. 17, 1955 

,N. C. Brady, past chairman of the Resident Teaching Section 
conducted the business meeting. Don Hill presented the Bylaws 
as drafted by the Bylaws Committee for the Resident Teaching Sec- 
tion and they were adopted. 

J. B. Peterson submitted a resolution relative to awards for 
resident teachers and extension wTvrkers. The following resolution 
w-as passed: 

Resolved f That an awaud be established by the American 
Society of Agronomy, and given each year to ^ an outstanding 
resident teacher and to an outstanding extension agronomist, 

Harold L. Schudel w^as elected 1956 vice chairman of the 
section. 

J, K. Patterson, chairman 

RESOLUTIONS AND NECROLOGY 

EXPRESSION OF APPRECIATION 

The Societies take this means of expressing their appreciation 
to the staff and the administration of the University of California 
not only for the facilities that have contributed to the success of 
our meetings, but also for the many courtesies that have made our 
stay so pleasant. 

it is recommended that the Executive Secretary be^ requested to 
send an appropriate letter to Dean Briggs, College of Agriculture, 
in behalf of the Societies. 

Letters are also recommended in appreciation of the fine sup- 
port given by the follocving: 

The California Seed Association 
Pacific Chemical and Fertilizer Go. 

The American Factors, Limited 
United Airlines 
Pineapple Research Institute 
California Fertilizer Association. 

J, E. Adams, chairman 
; MEMORIALS ' 

.Again we pause to pay respect to the memories of those agrono- 
mists and soil scientists wiio have died since Ave la.st met These 
men made notable contributions to pur profession. Their passing 
will be keenly felt, especially by those who knew them best. These 
biographical sketches w'ill serve as memorials to these men whci 
have been faithful members of the Societies. 

KENNETH M. COOPER 

Kenneth M. Coc:>per, graduate student in soil science in 
Michigan State LIniversity, died July 23, 1955, in a Reed City, 
Mich., hospital from injuries received in an automobile accident. 

Mr. Cooper was born May 15, 1932, at Floyd, N. Mex. In 
1954 he received a B.S. degree with honors in chemistry from 
Eastern New Mexico University, He had completed most of the 
requirements for the M.S. degree. 
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His major interest \vas in soil genesis and classification. At the 
time of his death, he was employed by the Michigan State Con- 
servation Department ill making a cooperative soil survey of 
Osceola County, Mich. 

a WARREN DEMING 

G. Warren Deming, U.S.D.A. geneticist, died June 19, 1955. 
He was born at Fleming, Ohio, March 31, 1890, and was gradu- 
ated from the Universty of Nebraska in 1918. He was on the 
staff of the Colorado Agricultural Experiment Station from 1921 
to 1930 rvorking in field crops. In 1931 he was appointed assist- 
ant agronomist for the U.S.D.A. in the office of sugar crops and 
devoted his time until his death to sugar beet investigations. He 
selected and purified some 300 inbred lines of sugar beets vvhich 
are the basis of the beet breeding program conducted by the 
U.S.D.A. and commercial sugar companies. In this field, his work 
has been outstanding. 

CHARLES W. DOMBY 

Charles W. Domby, soil scientist in the U.S.D.A. Soil and 
Water Conservation Re.search Branch, died at Athens, Ga., on 
Dec. 21, 1954, after an illness of several rnonths. He was born 
in Birmingham, Ala., in 1919 and received his B.S.A. degree 
from Colorado A & M College in 1940. He was employed by 
the Soil Conservation Service until 1941 when he was inducted 
into the U. $. Army, serving as an officer in the Corps of Engi- 
neers. He obtained his M.S. degree from the University of Georgia 
in 1948 and his Ph.D. degree in soil physics from Purdue Uni- 
versity in 1953. His contributions include articles on diffusion 
of air through soil crusts and the efi'ect of freezing on soil aggre- 
gation. He was highly respected for his keen scientific mind and 
loved by all vy ho knew him for integrity, modesty, generosity, and 
tolerance. 

CHARLES A. HELM 

^Charles A. Helm, profes.sor of field crops at the University 
of Missouri, died of a heart attack on July 24, 1955. He had been 
named head of the field crops department and would have assumed 
that pOsSition in September of this year. Prof. Helm wils born 
at Sheldon, Mo,, in 1889. He received the B.S, degree from the 
University of Missouri, and the M.S. degree from the University 
of Nebraska. He returned to the University of Missouri following 
graduate study and was a member of the field crops department 
until the time of his death. 

W. M. JARDINE 

W. M. Jarihne, former px*esident, and honorary life-time mem- 
ber of the American Society of Agronomy, and Secretary of Agri- 
culture in the Coolklge administration, 1924-28, died Jan. 17, 
1955 in San Antonio, Tex,, at the age of 16, Dr. Jardine was 
pre.sident of the Society in 1 91 7, At that time he was director 
of the Kansas Agricultural Experiment Station. Later he served 
as president of the college. 

CHARLES E. MILLER 

^ Charles E. Miller, Michigan State University soil scientist, 
died March 27, 1955, He was born June 23, 1885, in Coles 
County, III., and was educated at Kansas State College, the Uni- 
versity of Illinois, and the Univer.sity of Wi.scon.sin, receiving the 


Ph.D, degree from Wisconsin in 1923* Dr. Miller was elected a 
Fello^v of the American Society of Agronomy in 1936, and served 
the Society in many way.s. His books, Soils and Soil Aiamigeinentf 
and Pundamentcils of Soil Science, are well known to xyorkers in 
Agronomy throughout the world. He first became associated with 
MKhigan State University in 1915, and progressed steadily to 
become head of the soil science department in 1930. 

FREDERICK J. SALTER 

Frederick J. Salter, associate professor of agronomy in teach- 
ing and extension at Ohio State University^ from 1940 until his 
retirement in 1953, died of a heart ailment Feb. 9, 1955, after 
a short illness. 

He was born in Lacrosse, Kans., Sept. 28, 1889. He received 
a B.S, degree from Ohio State University in 1913, an M.S. degree 
in 1914, and the Ph.D. degree in 1929- Dr. Salter was an instruc- 
tor in agricultural chemistry at Ohio State Univefsity from 1913 
to 1919, and in soils from 1924 to 1927. He was assistant pro- 
fessor of extension in 1925, and assistant professor of agronomy 
in 1929. 

Dr. Salter was outstandingly successful as a teacher from ele- 
mentary classes to graduate students. lie is beloved of many gen- 
erations of Ohio state students, and will be long remembered In' 
them for this deep personal interest in their problems, and for 
consultation and guidance during their academic careers. 

Hi W. STATEN 

Hi W. Staten, profe.ssor of agronomy at Oklahoma A & M 
College, died July 5. 1955, following a bruin operation. He Avas 
59 years of age. 

Mr. Staten was born at Pikeville, Ky., in 1895. He held the B.S. 
and M.S. degrees from Oklahoma A & M College where he was 
appointed assistant professor of agronomy in 1930. He left the 
college in 1936 to become senior agronomist for the Soil Conser- 
vation Service in Oklahoma, Kansas, and Nebraska, but returacRl 
in 1957 and was appointed professor of agronomy in 1941. 

E.xcept for the war years, 1942-46, and the year spent with 
S.C.S., Mr. Staten coached the Oklahoma A & M crops jiulging 
teams from 1932 to 1948. Since 1948, he had devoted full time 
to teaching at the college, except for two years on leave in 
Ethiopia, 1952-54, where he helped establish a college of agricul- 
ture and mechanical arts. 

Mr. Staten was author of a book on grassland farming and 
co-aiithor of a manual for crop judges. 

J. KEITH THORNTON 

JO.SEPH Keith Thornton, superintendent of the department 
of farm operations and service at Pennsylvania State University 
since 1948, died March 11, 1955. He was born May 7, ,1905, 
in McKeesport, Pa. 

Mr. Thornton, who conducted extensive research on grasses, 
was graduated from Pennsylvania State in 1927 and received his 
master’.s degree from the IJniversity of Wisconsin, in 1947. 

Mr. Thornton R'ame to Pennsylvania State University in 15?35 
as instructor in farm crops after serving for 8 years as assistant 
plant pathologist in the U.S.D.A. Bureau of Plant Industry and 
the Pennsylvania Department of Agriculture. He was promoted to 
assistant professor at Penn State in 194 i, to associate professor 
of farm crops in 1944, and to the post of superintendent of farm 
operations in 1948. 
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POTASSIUM SYMPOSIUM— 1954 

Compiled by the Intertiational Potash Institute — Bern, SwitzerUnd. 
445 pages. 

This book contains 21 papers given at the annual meeting of 
the Board of Technical Advisors of the International Potash Insti- 
tute at Zurich. The meeting was divided into four sessions; potas- 
sium in the soil; potassium in the organisms; potassium in agri- 
culture; and potassium analysis. Papers were presented by many 
of the leading agronomists from several countries of Europe. 
While the papers are in French, German or English, ail have an 
English summary'. The purpose of the papers was to outline the 
position of our present knowledge — chemical, physiological, and 


agricultural — in respect to potassium. Hence they covered a wide 
field and reviewed a number of basic principles. 

In the session on potassium in the soil, papers dealt with 
physico-chemical properties, geochemistry, clay minerals releasing 
potassium, and forms of potassium. Se\eral .subjects were covered 
in the session on potassium in living organisms including demands 
of microorganisms, accumulation, function.s in animals, and func- 
tion in plants. 

In the program on potassium in agriculture, the great need for 
potassium was stressed. Considerable increase in potas.sium usage 
has taken place in recent years and in Belgium and Denmark about 
60 kg. of KsO per hectare is being applied. Soil tests and field 
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frills luva- unin'5bnts.ii .mratlv to thcsr increases. The use of potaS'' 

■ \n iVrtjH/ers io Su i^.-’erki!K! is comparatively low as farmyard 

pliolomttrv and rhrornat 05 ,;raphic methods of _ analysis 
\ven- tlie coured in the session on analysis. K. A. 

um'hmif ihsi-iissivl a dame pimtomeier constructed in his labora^ 

V iot routine ariahses. V. Mov.mi indicated the possibilities of 
Jicessho evirjitiond in ihfteiemiating between soils with a low 
n^sivu at pota-^HUim and those with a high reserve. I- Wajsh 
Krmeht out some e'xctiUmt points on the possibilities and limita- 
of ileheiem V svmphan** and plant analyses in diagnosing 
« issi-.ir- iiciVk. tlu-' lnu-ni.iti..nal Pt.tash Institute is to be com- 
for hriiiuinu t<*gether this group of scientists for these 

COTTON GROWING PROBLEMS 

Rv n fV i ..-JaTG. I. Hanhm, Sew York. McGiwv-Hm 

^ Bool Co. 195Y S9JX 

I his book, -.vritun in B. G. f-iiristidis of Greece and co-authorc-d 
Kv t !. H.oTiw'!! of this country, is a neli organized treatment 
..r s'hiv confront cotton woikeis. 

•nj.' ic'iik isas 21 cii.iptcrs and includes a discussion ot cotton 
■ ,;. r .-,>it,.-i b>... ,linu. cn«s rot.ition, soil cultivation, tertiliza- 
;dn the .Pi. mltural memods. insect pests dis- 

i i - oi l !' n''' s{iin' A isiotiern ticaiirienl ol additional subject, 

IS, I'lici.ics.'ilttn, ic.it «ccd contfol, mechanical harvesting 
,;Cd 'u u 1 .c. s aiKl cherm defoliation .ureatly enhance the 
‘P- a ; h, ,k iiii. hook does not. however, include .such 

'■'d 1 V .'r’ls einniiiu. markeling, and cotton morphology, an 
:S;’t: irdooindo. Wh..h wouU h,ive made the book more 

'■'hfmJsTTe'du. ‘r'to.mer IS up-to-dale, incUiding some data 

I r niW thcL first time. The text is unique but 

adnf-i's 'h.iiis Ufthit htauh toward esperiments conducted m 

.. at • : . jK.. ,'.v|k»r.jt matter is bv nu means localised. 

.druiled stnh of cotton , 1 

.spe’ hd,r ’.ulCa: a ikuT this hooC ^oinmended to both the 

. grower and . scitaitist ; 

WATbE/' 

The Year Book of Agriculture 1955 

i.- s, nelurwe.t of /!,«ivc,v/t«rc C-mvin../ PrMns Ofee. 

V . k . 7.51 i9>5. $^>00. 

\ i { fKs' tf^DA is devoted to all aspects 
ihc l-)Si VC.H '^''> ,10(11.01191^ chaptens written in non- 

of the Mihiect ot ‘ ngDA the state agricuh 

k'ilmiud ^tyle In ‘ ^ uid tithe r private and federal 

tural ioilegeN and expiinnitit tat iniportance ol 

imeiuies. Among the suhieUN minvils and plants; 

water in h,st.MV_.h.- nee.t lot and 

weather cycles ' control; water for 
erosion; tare i>t watei-Mnd.^, \at . i • _ watershed mainte- 

forest and range lands; ’ j ‘,,Cf fo\vl; dry land farm- 

nance tor better tisinng; wetland. . • gj^jens and lawns; 

ing; use of waste water 'B' p' 7 and 

rural drinking water ''■'Ei’'*""’ and useful charts 

re.se.irch. It contains many society of Agronomy 

and graphs. Many memlieis ot the A ‘ the contributors, 

and Soil .Science Soc iety ot ‘'p,/ r "p„tess or from the 

Copies are available through Printing Otiice. Wash- 

Superintendent of Documents, tioveinment Hinting en 

ington 19. C.,' at : $2,011 t'ac'h, 

lOTKOOUCnON TO AGRICOlTUEAI. ENGINBEMNG 

B, II. f. mcM, .,w /. fl;;' Sja**'" “ 

Bmd Cm 553 PP^ tUus, i.955. 

This new book. , “f ‘"Irplrt^ 

iidvisurs, is conveniently divided b power; (4) 

in agriculture; (2) processingagricul- 

f arm machinery; (5) rural eiectnfi » ronveniences; and (8) 

(7) li»" ffe pSpli - 


practical aspects of these various types 7„iments"”STqcri|mS 
treated comprehensively. The latest developments in equipi 

used in production, handling, processing c - -i teference 

discussed: The volume will be partmularly vaUmblc as a leteien 

for those with a broad interest in this general field. 

PRINCIPLES OF FARM MACHINERY 

By Roy Barker, R. A. Kepner. end B. L. 

ll'V.Vj 6' Inc. ill PP- Alns. Wi- i>S.7i. 

Principles of Farm Machinery is intendecl as a 

upper-clivision college course in farm '^‘mlAines ai-rpcit 

nmchinery according to the uses to which "^'''“fyuoa/d-type 
Fnr ev-iniDle tvoical chapter headings include, moldboara type 
tools, disk tools, application of fertilizer, crop planting, oiage 
chopping and handling, earth-moving and 

port Introductory chapters cover such ‘ ds and 

Lst analysis, materials of construction, “"d .hyd" '7 
power-take-off drives. An extensive appendix treats many misccl 

laneous aspects of farm machinery and its use. 

TOPSOIL AND CIVILIZATION 

By Tom Dale and Vernon Gill Carter. Sorm-att OkU^^^ Uni- 

versity of Oklahoma Pre-ys. 270 pp. 1955. ^o.9P. 

It is generally agreed that exploitation and depletion of 
resourced a9 signiikant contributing factors to the rise and fa 
of civilizations throughout vvorld history. Just how y 

came about and the extent of their development 
appreciated. In this book the authors attempt to 
field of world history from the point of view of f ^'7;° j 
to productive .soil. It is in the nature of a review, bem^ based 
I'lraelv upon secondary sources. This in no way minimizes the 
impo9rnc7of the autL's me.ssage. They use their survey as^a 
griphic reminder that "The wealth and power of this 
will decline as they have in all past empires and cmluations, 

Tf mid 7hen thesV (natural) resources 

that they can on longer supply our "^'fds. _ 1 hey examine the 
ancient civilizations— Egypt, Mesopotamia, "nj 

Syria and Palestine, Greece, North Africa, Italy ^icilyw^ 

the modem history of Western Europe and the United States, 
less attention is giLn to Asia and the Orient. The authors recog- 
nize that historians and others might take exception 
ri eir interpretations. This, too, need not detract from_ the ya ue 
of this book as a readable history, and its point of view is one 
which can be readily appreciated in an eta of profligate ptospeiity 
n te parts S t world and hunger in others., Mr. Dale is with 
the U S Conservation Service, and Mr. Carter is director of con- 
Son edu7rion in the Zanesville, Ohio, public ^choNs They 
have dedicated their book to David A. Aylwaid and Hugh . 
Bennett. 

CLASSICS IN BIOLOGY 

By Anemt Pi Saner (Translated by Charles M. Stern) . Sew York, 

^ The Philosophical Library. 337 pp. 19ii- $7-50. 

Biologists of all levels of accomplishment will welcome this 
vntemeTs a\em". The author is founder of the . Institute of 
Experimental Medicine of Caracas (Venezuela) University, and 
one of the world’s distinguished physicians and biologists. He has 
compiled extracts from outstanding works of more than 60 writers. 
S selection represents a high point of progress in the stedy 
of biology. Dr. Suner’s prefatory essays themselves are of extremely 
high nie%. The selections are grouped under the following head- 
intUmatter and energy in life, cell theory; stimulus and excita- 
tion’ biocatalysts; metabolism; growth and reproduction, germ 
cells’ and soma: sexual and asexual reproduction; form and ^ 

ics of reproduction; heredity; individual and species, preformation 
and ^igenesis, life on earth; geography and 

tion and design; reflexes, consciousness and will; and the whole 
and its parts. 

Ai^tSifpiS W 

Freu4 dSi;;. Ralon y Cajal, Bergson. Haldane, and Ortega y 
Gasset. 
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MEETINGS 


Jan, 4-5— Weed Society of America, charter meeting, New 
York, N. Y, 

Jan. 6— Northeastern Weed Control Conference, New York, 
■N. Y. 

Jan. 12-14— Conference on radioactive isotopes in agriculture, 
Michigan State University. 

Jan. 23-21 — American Society of Range Management, Denver, 
Colo. 

Jan. 26-28 — American Seed Trade Association, Chicago, 111. 
Feb. 3 — Canadian Seed Trade Association, Toronto, Canada. 
Feb. 6-8— Southern Branch, American Society of Agronomy, 
and Association of Southern Agricultural Workers, Atlanta, 
Ga,' 

Feb. 15-17— Western Weed Control Conference, Sacramento, 
Calif. 

March 5-7— “Midwest Regional Turf Conference, Lafayette, Ind. 
March 6-7— Western Cotton Production Conference, Fresno, 
Calif, 

March 18-24— Consecutive Meetings, American Congress on 
Surveying and Mapping, and American Society of Photo- 
grammetry, Washington, D. C. 

INTERNATIONAL CROP GROUP HONORS THREE 
AGRONOMISTS WITH LIFE MEMBERSHIPS 

Three long-time members of the International Crop Improve- 
ment Association were given honorary life memberships at the 
group's annual meeting Nov. S-1 1 at Winter Haven, Fla. They 
are W. T. G, WjeniaK, Canadian Seed Growers Association, 
Ottawa; }. C. Hacklem an. University of lllmois; and L, F. 
Geabbr, Univer.sity of Wisconsin. 

Close to 250 certification olBcials, breeders, seedsmen, and others 
from 40 states, Alaska, and Canada attended the meeting. 

R. H. GARRtsON, South Carolina Crop Improvement Associa- 
tion, Clemson, is new president of the association, succeeding 
C. R. Porter, University of Nebraska. Other oflkers for 1955-56 
are H. E. Finneil, Oregon State College, vice president; and 
C. S. Garrison, U.S.D.A,, Beltsville, Md., secretaryR The 1956 
meeting will be at Salt Lake City, Utah. 

CHARTER MEETING OF WEED SOCIETY; JAN. 4-5 

Weed authorities from three nations will gather at the Hotel 
New Yorker In New Y ork City Jan. 4 and 5 for the charter 
meeting of the Weed Society of America. The theme of the meet- 
ing will he "Modern Weed Control — A New Science," according 
to A. O. Kuhn, University of Maryland, program chairman. 

Oflicers of the new society are R. H. Beatty, American Chemi- 
cal paint Co., Ambler, Pa., president; W. B. Ennis, Jr., State 
College, Miss., \dce president; and W. C. Shaw, U.S.D.A., Beits- 
ville, Md., secretary-treasurer. 

The Northeastern Weed Control Conference, host to the Weed 
Society meeting, will have a program and business session on 
Jan. 6. 

A general session, business nieetihg, and mixer are scheduled 
for Jan. 4. W, B. Ennis and R. H. Beatty are chairmen of morn- 
ing and afternoon sessions. Sectional meetings to he held on 
Jan. 5 and their chairmen are as follows: 

1, agronomic crops, C. J. Willard, Ohio State University; 
2, horticultural crops, R. D. Sweet, Cornell Umvei-sity; 3, non- 
cultivated areas, R. A. Darrow, Texas A & M College; 4, ecolog- 
ical, physiological, and edaphk aspects of weed control, A; S. 
Charts, University of California, Davis; 5, turf, G. C. Nutter, 
University of Florida, Gainesville; 6, public health, A. H. 
Fletcher, ^ New Jersey State Department of Health; 7, W. S. 
Bail, California S*tate Department of Agriculture; 7, teaching and 
extension, E. P. Sylwester, Iowa State College; section 9, control 
of aquatic weeds, F. L. Timmons, University of Wyoming. 

SUMMARY OF RESEARCH ON WOOD RESIDUES 
FOR SOIL IMPROVEMENT AVAILABLE 
FROM PURDUE STATION 

A report covering the current status of investigations on the 
use of wood residues for soil improvement in the U. S. has been 
; compiled by a work group of the North Central Regional Soil 


Research Committee, and copies are available from the work group 
upon request says H. W. Reuszer of Purdue University. 

The report contains an abbreviated summary of research work 
now being carried out in this country on the use of sawdust and 
wood chips for soil improvement. Present knowledge is summar- 
ized briefly and suggestions are made as to questions on which 
further knowledge is needed. Information in the report, it is 
thought by the group, will aid in preventing duplication in future 
research work, llie North Central Regional Soil Research Com- 
mittee represents soil research workers in the North Central State.s. 

Members of the work group, in addition to Rcuszer, are R. L, 
Cook, Michigan State University, and E. R. Graham, University 
of Missouri. Requests for copies should be sent to Dr. Reuszer, 
% Department of Agronomy, Purdue Uni\'ersity, Lafayette, Ind. 

HENRY M, STEECE DIES IN WASHINGTON, D. C. 

Henry M. Steece, 63, Agricultural Research Coordinator, State 
Experiment Stations Division, A.R.S., U.S.D.A., died on Nov. 21 
at his home in Washington, D. C., following a brief illness. A 
national authority on field crops production and plant genetics 
Mr. Steece was widely known among agronomists of the state 
experiment stations and land-grant colleges. He first entered the 
LI.S.D.A. service in 1914 in corn and cotton investigations in the 
former Bureau of Plant Industry. In 1920, following military 
service including 13 months in France during World \Xhir I, he 
joined the staff of the Otfice of Experiment Stations. 

Born in Burlington, Iowa, on July 1, 1892, Mr. Steece obtained 
his B.S. in agronomy at Louisiana State Univer.sity in 1913 and 
an A.M. degree at George Washington University in 1922. He 
was a memberof the American Society of Agronomy and of the 
U.S.D.A. Post No. 36 of the American Legion, He is survived 
by his Widow, Edith W . Steece, and 5 children and 10 grand - 
children. Services were held Nov, 25 with interment at Arlington, 
Cemetery. 

BY-LAWS OF THE RESIDENT TEACHING SECTION 
OF THE DIVISION OF AGRONOMIC EDUCATION 

Article I, Name 

The name of this Section shall be the Resident Teaching Section. 

Article II, Objectives 

The objectives of this Section shall he those of the Division of 
Agronomic Education: to promote the training of Agrono^uists 
(crop and soil scientist) on both the under-graduate and graduate 
level, but e.speciaily the fo.stering of high standards in resident 
teaching, and to encourage studtait activities in the field of 
Agronomy. 

Article III, Membership 

Section Active _ members of this Section shall be mentbers: 

of the American Society of Agronomy who are interested in fos- 
tering high standards in resident teaching. 

Section 2,— Student affiliate members of the Society are student 
affiliate members of this Section. They shall be encouraged to 
attend and participate in the meetings of the Section, but will not 
have the privilege of voting. 

Article IV, Officers 

Section i.-~~The officers of thivS Section shall consist of a chair- 
man, vice-chairman, who shall he chairman-elect, and immediate 
past chairman. All officers shall be active members of the Ameri- 
can Society of Agronomy. ' 

Section 2 . — llie vice-chairman shall be elected by secret ballot 
at the annual business meeting of the Section. Previous to this 
business meeting the chairman of tlie Section shall appoint a nomi- 
nating committee consisting usually of three past chairmen of the 
Section who shall submit two or more nominees for consideration. 
Additional nonunations may he made from the floor at the time 
of election. The nominee receiving the largest number of votes, 
shall be declared elected. In case of a tie vote the chairman sliall 
cast the deciding vote. 

Section 3.--A11 officers of the Section shall serve in the office 
to which they were elected until the dose of the ne.xt annual 
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btisiuess meeting of the Section. At that time their respective 
terms of office shall expire. The vice-chairman shall automatically 
become chairman at the close of the busines.s meeting at which 
a new vice-chairman is elected. 

Sectiofi 4. — The duties of the chairman and vice-chairman shall 
be those which usually pertain to the offices held. The vice-chair- 
man shall serve as program chairman and as secretary of the 
Section. The officers of tlie Resident Teaching Section will coor- 
dinate and plan their programs in conjunction with the officers 
of the Division of Agronomic Education. 

Section 3 . — The Executive Committee of the Section shall be 
the chairman, vice-chairman, and immediate past chairman. The 
executive committee shall have power to act for the Section upon 
all matters that arise between business meetings of the Section. 

Section 6 . — If a vacancy should occur in the offices of the Sec- 
tion, a successor will be appointed by the Executive Committee of 
the Division of Agronomic Education. Such an officer shall serve 
until a successor is elected at the next annual business meeting of 
the Section. 

Article V, Meetings 

Section 1 . — ^'Ehe Section shall present one or jnore programs at 
each annual meeting of the Society. The business meeting shall be 
lield at one of these meetings. 

Section 2 . — Jbint programs with other Sections or Divisions of 
the Society on subjects of mutual interest will be encouraged by 
the Executive Committee of the Section, 

Article VI 

Section L - Any 20 or more members of the Resident leacliing 
Section may initiate a proposed amendment to these by-laws. The 
amendment shall be submitted to the membership with recom- 
mendations either at the next annual meeting or by mail ballot. 

: Section 2.— The Executive Committee may propose amendments 
to those by-laws at any time either by mail ballot or at the annual 
meeting. 

Section 3.— The Executive Committee shall submit the propo.sed 
amendments to the membership at least 60 days before they are 
voted on. Adoption of a proposed amendment shall require a 
majority vote of those present at an annual meeting of the Section 
or. if by mail ballot, a majority of all ballots returned within 60 
days after the date of the original mailing- 

NEWS NOTES 

Russell K. Stivers joined the Purdue iJniversity agronomy 
department on Nov. 7 to work in soil fertility and tobacco exten- 
sion, He had spent the previous 314 years at the Virginia Agricul- 
tural Experiment Station, Blacksburg. 

Lvlb E. Nelson of the Cornell Liniversity agronomy depart- 
ment is now visiting professor of soils at the Cornel [--University 
of the Philippines College of Agriculture. On a 2-year leave, he 
replaces Marlin Cline who has become project leader. 

„A„ ' 

Loyd A. Tatum was recently named assistant head of the Cereal 
Crops Section of the Field Crops Research Branch, A.R.S., 
U,S.D.A., at Beltsvillev Md. He was formerly agranomist in charge 
of the section s cooperative corn project at the Kansas agricultural 
experiment station, Manhattan. 

H. H. Smith is on leave from the Cornell IJniversity depart- 
ment of plant breeding until Oct 1, 1956 witliTlie Brookhaven 
National Laboratory, Upton, L, 1*?; N. T Duiang his absence, 
special lectures and student consultations will be offered by the fol- 
lowing visiting professors: for the spring 1936 semestei. A. H. 
Sparrow, Brookhaven National Luhonitory. who will give a 
cour.se in radiobiology; for the month of December 193 3, hi, 
\^4 ;STERG.\ard, head of the department of genetics, Copenhagen 


University; for June 1956, M. M. Rhoades, professor of botany. 
University of Iliinoi.s; for July, 1956, S, G, Stephens, head of 
the genetics faculty. North Carolina State College; for August 1956, 
R. D, OWEINJ professor of biology, California Institute of Tech- 
nologv. 



R. L. Beacher, associate agronomist in charge of the soil test- 
ing and research laboratory at the University of Arkansas, presented 
a paper on sampling and analysis of rice soils at the annual meet- 
ing of the F.A.O. international Rice Commission in Malaya early 
this month. 

IsiDORO A. RoxMERO has resumed his dutie.s as soil technologist 
of the Bureau of Soil Conservation, Philippine Department of 
Agriculture and Natural Resources, Manila, He had spent 10 
months in the U. S„ Puerto Rico, London, Munich, and^ Rome 
under a U. S. -Philippines training grant on soil dassiflcation. 
Illuminado Valencia, who recently received the M.S. degree 
from the University of Wisconsin, is now soil physici.st in the 
Bureau of Soil Conservation. He is also on the faculty of the 
Philippine 'XK^'omen’s LTniversity physics department. Ramon 
Samaniego, -xvho recently received hi.s M.S. degree from North 
Carolina State College, has resumed his duties as soil physicist 
in the Bureau of Soil Conservation. 


Insertions accepted without charge from members of the 
American Society of Agronomy. For others, the charge is S2.00. 
Soils items wili be inserted also in Soil Science Society of 
America Proceedings, Insertions are for Utime only. Please 
limit to 100 words. 


Soil Chernist, Ph.D., interested in suitable research or teadv 
ing and research position of permanent or prospectively perma- 
nent nature, Specialist in physical chemistry of day mineral.s 
and .soils. Presently engaged on temporary research project in 
clay mineralogy. Experience includes fundamental research in 
ionic exchange and phosphate fixation as well as investigations 
in soil fertility, soil moisture, and irrigation problems. Basic 
training in soil science, plant science, and chemistry. Well 
acquainted with chemical and physical methods, lield plot tech- 
nique, experimental design and statistical analysis. Obtained 
bachelor’s degree in 1942. Citizen of Canada, now resident of 
U. S, Age 36. Family. 12~l 

B.S., M.S, in agriculture with S years experience in commer- 
cial research involving use of radioactive Uiateria Is wishes posi- 
tion where this experience can be more directly applied to agri- 
culture. Also had experience in employee rc-lations and super- 
vision. Would be interested in a position involving coordinat- 
ing atomic -cesearch or management. Presently employed, but 
available on usual notice. ^ 12“2 

Agronoiiiist M.S. in Soils (■1952) Ph.D. in Farm Crops 
(T955)-Crop production-Forage crop establishrnent-Range Man- 
agement, with minors in Agr. Education, Agr. Economics, 48 
yrs.^ old, married without children, free of prejudice for race, 
nationality, or color, desires position in teaching, research, 
experimentation in Agr. College, Private Company, Non-profit 
Institution' here or abroad, " 12-3 


^ Soil chemist needed, wdth excellent physical chemistry train- 
ing, in inter-college exchange program with the Punjab Llni- 
versity, Lahore, Pakistan. Two-year assignment, 2091 post dil- 
ferential, cost of living allowance, first class travel by air, and 
housing. Write B. R. Bertramson, chairman. Department of 
Agronomy. Washington State College, Pullman. Wash. 
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